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ADM

U N I V E R S I T Y  O F  N O R T H  D A K O T A ,  

GRAND FORKS, Nov. 19, 1902. 
To the Trustees of the University of North Dakota: 

GENTLEMEN : With the publication of the forthcoming vol-
ume of the Geological Survey of North Dakota my connection with 
the Survey as geologist ceases. The work of the Survey has 
been growing so rapidly during the past two or three years that 
it has been impossible for me to attend to it longer in addition to 
my other duties as director of the department of chemistry and 
the School of Mines. The change is one which I have strongly 
urged for years upon your honorable body. It is with pleasure, 
therefore, that I now turn over this work to Dr. Frank A. Wilder, 



who was elected to the position of State Geologist in June last.
The work which I have done in organizing the Survey and in 

publishing investigations thus far made has been of a pioneer 
nature and purely a labor of love. For several years after the 
organization of the Survey no funds were appropriated. During 
this time the work was carried on in the summer vacation months, 
and the expense, amounting to two or three thousands of 
dollars, I have freely donated to the state for the good of the cause. 

Under such conditions it has been possible to do nothing more 
than the preliminary work, which has resulted in several bulle-
tins and the first report of the Survey published two years ago. 
At the present time a small amount is available for the expenses con-
nected with this work. This, in addition to the appointment of 
a man to give his time to the work, will make it possible to build 
up a systematic and extremely valuable survey in North Dakota. 
The available funds are, however, entirely inadequate for the 
amount of work which should be undertaken, and it is earnestly 
hoped that a mucji more liberal provision will be made at once for 
the Geological Survey. In a new state l ike ours such work is 
of the utmost economic importance. There are vast resources un- 

Sco
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and properly mapped, and the historical development of each is 
to be explained. A proper order for work is suggested in the 
statute of organization in which primary stress is laid on the econ-
omic problems, to which the attention of the Survey is specifically 
d irected .  I t  sha l l  be my endeavor ,  therefore ,  to  d i rect  the  
initial work of the Survey so that the value of the natural re-
sources of the state may be known, and at the same time, so far 
as practicable, to collect other data bearing on the theoretical -

problem that the state presents, which shall furnish matter for later 
'publications. 

With the consent of the Board of Trustees, the first bulletins 
of the Survey will treat of the coals and clays, the water resources 
with special reference to irrigation, the building stones and cement -

materials ; probably in the order named. Preliminary 'reports as 
thorough as the time :and means available allow will be made, and 
these will be followed by more minute studies in which the 
convenient unit of area will be the county. After the comple- • 
tion of the series of county reports, material will be available for 
exhaustive topical papers. 

In addition to what may fairly be termed the positive work 
'of the Survey, namely the pointing out of the mineral resources 
of the state which justify investment, a great deal of the survey 
work, just as important in its bearing on the development of the 
state, is negative in its nature, consisting of making examinations 
for interested citizens which result in assuring them that the 
proposition which they have submitted will not warrant development. 
In  th i s  way  the  su rve y  s ave s  t o  t he  s t a t e  l a r g e  sums  o f  
money and prevents many hopeless speculations which would delay 
the develOpment of justifiable projects. 

Finances of  the Survey—The finances of the Survey are 
handled in accordance with the most conservative business methods. 
For local and office expenses no money goes through the hands 
of the State Geologist or his assistants,- but all necessary 
expenditures are made through your Secretary. In the field, vouchers 
are taken for all sums spent and these are filed with your Secretary, 
together with itemized statements, the correctness of which is 
sworn to before a notary. These statements and vouchers are 
subject to inspection at any time at the office of the Secretary of the 
Board of Trustees. 

Co-operation with the United States Survey.—I take pleasure 
in reporting the friendly attitude of the United States Geological 
Survey, and the cordial co-operation which began some years ago 
is continued and extended during the present year. Some of the 



results obtained from this joint investigation are included in the 
accompanying report, though subsequent reports will profit 
more 'largely from these investigations which are this year only 
begun. By means of this co-operation the State Geologist was 
this Year able to enlarge the scope of his work, while during the 
next field season with an enlargement of the state appropriation 
to meet the liberal policy of the United States Survey, the field 
and office work may be trebled in amount and increased materially 
in efficiency. 

Contents of Bulletin No. 2.—The present volume contains a 
preliminary report of the lignite coals of the state, prepared by the 
State Geologist, assisted by Mr. L. H. Wood, A. M. Mr. Wood 
is  a  graduate  of the Univers i ty  of Michigan and is  engaged 
in advanced geological study at the University of Chicago. His 
report on the lignites of Ward county and the Ft. Berthold agency 
will be found painstaking and accurate and a valuable aid in the 
development of an important section of our state. The large 
sums that are being invested in thoroughly equipped mines about 
Minot and Kenmare are fully justified and should bring good 
returns to the investors, and build up in this country a per-
manent industry of considerable magnitude. The desirability of 
developing industries like this in an agricultural community I 
have reviewed at length in a separate chapter of this report entitled, 
"The Signif icance of the Lignites  to the State." Mr. Wood 
personally visited a large number of localities away from the rail-
road where coal is won for local use, by stripping, and secured 
samples from which analyses were made, the results of which are 
g iven in his  report .  In a  pra ir ie  country ,  where t imber is  
lacking and distances to railroads often very considerable, the value 
of these lignite beds, scattered generally through the country, from 
which good fuel is obtained at a nominal cost, is very great, and 
they are proving one of the factors most favorable to a rapid 
open ing  up  o f  th i s  coun t r y .  Mr .  Wood ' s  f i e l d  expense s  
were very low, most of his traveling being by bicycle, and the state 
was fortunate in securing his services. For all of the sketches in 
this volume we are indebted to him. A more complete report on 
the geology of Ward county will be forthcoming in the proposed 
series, in which additional data will be published in regard to the 
coal of the county, as well as information, some of which is already 
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in hand, in regard to clays, water resources, building stones and 
gravels, and the interesting glacial problems that are asso-
ciated with the valleys of the Mouse and Des Lacs rivers, and the 
Coteau du Missouri. 

The portion of the present volume prepared by me, consists 
of a preliminary report on the lignites outside of the area studied 
by Mr. Wood. After visiting the larger mines of Ward county 
with Mr. Wood, I went to Williston and studied the exposures of 
lignite and clay along the Missouri river, and on the Stony, Muddy 
and Sandy creeks. Additional information in regard to coal farther 
north in Williams county, east along the Yellowstone, and south in 
Wallace county, was obtained from the county surveyor, Mr. J. C. 
Field. Before the publication of the next report it is hoped that a 
representative of the Survey may be able to visit these localities and 
prepare extended descriptions. Returning to Minof, and going south 
on the "Soo" road, a day was spent about Velva, visiting a promising 
sandstone quarry one mile from town, and gathering data in regard 
to lignite. By wheel a trip of fifty miles was then made over the 
Coteau du Missouri, to Coal Harbor, with a stop at the coal 
mines ten miles southwest of Velva, along the Coteau. From 
Coal Harbor as a center, trips were made to the old mines about 
Ft. Stevenson from which coal for the agency and Indian school were 
taken for years, and to exposures along the Missouri river and 
neighboring creeks. Opportunities for irrigation along the Missouri 
were studied and material collected for joint reports to the state and 
the United States. From Coal Harbor to Washburn the trip was 
made by bicycle, and from Washburn trips were made to a 
number of mines and coal exposures. The large mine at Wilton 
was studied carefully, as a fair sample of what can be done in 
the way of developing the lignites of the state. Through the 
courtesy of the mine owners and superintendent, ample opportunity 
was given to study the situation both above and below ground, and to 
look over the mine maps. In the minds of investor and mining 
engineer certain practical questions in regard to conditions for 
mining are uppermost, and in the chapter on the extent and 
availability of the lignite, many of these questions are answered. 
They have to do with the amount of water in the mines, the 
nature of the roof and floor, and the peculiar advantages and 
disadvantages that the lignites offer as a mining proposition. The 
mines at Sims, New Salem and Lehigh were 
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also studied with these questions in mind, and many localities north 



and south of the railroad in the vicinity of these towns where coal is 
exposed were visited. In connection with the special irrigation 
problem undertaken for the United States Survey, two weeks were 
spent along the Heart and Green rivers, and two weeks along 
the Little Missouri, working north and south of Medora. sixty 
miles in each direction. The results of this work must be in the 
main reserved for a later volume, though much data with reference 
to the l ignites collected on these tr ips is subinitted herewith. 

Next to their abundance and availability, the worth of the 
lignites as a fuel is a subject worthy of careful investigation. 
This volume contains a report of the work done along this line 
up to date. Fortunately the Survey is greatly aided in getting at 
the facts by the careful observations and experiments of a number 
of manufacturing and state institutions. The chapter devoted to 
this subject naturally divides itself into two heads : the laboratory 
tests and the practical boiler tests, where lignite is burned under 
varying conditions, for the generation of steam and general heating. 
The results obtained are exceedingly satisfactory to those who are 
interested in the development of the lignite industry, and when 
published and properly circulated should stimulate the demand for 
lignite both in and out of the state. 

The chapter on mineral statistics is to be a regular feature of 
the biennial bulletins of the state, and arrangements are being 
made so that in forthcoming reports data may be collected and tabu-
lated with great accuracy, the State Geologist co-operating with 
the department of mineral industry of the United States Survey. 
This year the report on the output of coal and clay goods can 
not claim to be complete, but it is believed that the output of prod-
ucts based directly on the natural mineral wealth of the state is 
under rather than over stated by the figures given. 

Professor Babcock contributes to the report a practical paper on 
the surface waters, especially those of the Devils Lake region, and 
makes suggestions in regard to the construction of wells that should 
be brought to the notice of great numbers of those who are establishing 
new homes in the state. 

The chemical work of the Survey has been carried out by 
Professor Babcock and Miss Bisbee. The amount has been con-
siderable as the number of analyses given shows. The calori- 
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metric tests of the lignite have been made by them also. All of 
this work is of the highest practical value, and the expense 
involved has been slight in comparison with the services ren-
dered. In presenting a report of this nature, a limited amount 
of technical knowledge of the subject on the part of the reader 
must be assumed. While it is desirable to present every subject 
as clearly and simply as possible, to enter into a detailed expla-
nation of geological phenomena, which are well understood and 
are adequately described in the literature on the subject, is not 
practical. An attempt to treat the present report in this way 
would increase its bulk five-fold. To those who desire a simple 
statement of the general geological phenomena of the state, I take 
pleasure in recommending Prof. Daniel E. Willard's book, "The 
Story of the Prairies," which may be obtained from the author at 
Mayville, North Dakota. 

Number and Distribution of Reports.—I would recommend 
that the edition of the bulletin herewith submitted be eighteen 
hundred. A copy should be sent to each state official and to each 
newspaper, to certain of the county officers who are likely to be called 
on for information that it contains, and to all public and school libra-
ries in the state. A considerable number must be held to meet 
the requests of persons both in and out of the state who desire infor-
mation along the lines treated of in the report, and a number 
n e a r l y  a s  l a r g e  m u s t  b e  s e n t  t o  t h e  v a r i o u s  s t a t e  a n d  
national geological surveys both of this country and Europe. In 
return for these volumes, the Survey receives for the state an annual 
addition to its library numbering nearly fifty volumes, with 
technical papers and magazines of great value. It is further rec-
ommended that of the eighteen hundred copies three hundred be 
bound as separate papers, to supply requests for information along 
single lines dealt with in the report. 

Presentation of the Mineral Industries and Wealth of the State 
in Technical Papers.—A very pleasant part of the work of the 
State Geologist has consisted in answering inquiries and preparing 
articles on the mineral wealth of the state for technical 
journals. During the last year the mining public has had its at-
tention directed to the lignites of North Dakota by the success of 
the Washburn and other mines, and news from the lignite fields finds a 
ready hearing. There is no danger at present of exaggerating the 
opportunities that the lignite offers as a mining proposition, and 
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the greater the publicity given the situation the greater the advance of 



the industry in the state.. 
Needs of the State Survey.—Interest in the work of the Survey 

on the part of the people in both city and rural communities is 
very  manifest  and genuine.  At  present  i ts  organizat ion is  
ample, its relations with the United States Survey most favorable 
and the opportunity is offered for extensive and vigorous work. 
Most of the states of the Union support geological surveys by 
appropriations that are from ten to fifty times as large as that 
enjoyed by the Survey of North Dakota, and many of them have 
mineral wealth which needs developing, greatly inferior to that pos-
sessed by our state. The Survey has passed the preliminary stages 
in which it is well to be extremely conservative, and is ready with 
the proper support to contribute largely to the building up of the 
material prosperity of the state. 

Work Outlined for Next Year.—Co-operating with the United 
States Geological Survey the study of lignite and irrigation will 
be pushed. Three parties are planned for, each to contain a sur-
veyor and a geologist, to follow all of the streams in the lignite 
area, note the abundance and quality of fuel ,the amount of land 
that can be irrigated and the lift necessary to raise the water from 
the nearest stream or possible reservoir. The systematic study of the 
clays of the state will be continued, and preliminary work on 
stone begun. Topographic work, which is essential as a basis for 
the study of the irrigation problem in the western part of the state, 
will be undertaken in connection with the United States Geological 
Survey. 

Attitude Toward the Agricultural Survey.—At the last meet: 
ing of the legislature a subordinate survey was organized under 
the auspices of the Agricultural College, to undertake field work 
which has a direct bearing on agriculture. It is the desire of the 
State Geological Survey to extend to the Agricultural Survey its 
aid, and enable it as fully as possible to realize the aim of its organiz-
ation, and proposals have been made with a view to determining 
how the State Survey may best advance the interest of this allied 
l ine  of  research .  The necess i ty  of  int imate  re lat ionship i s  
r e a l i z e d  b y  a l l  t h e  w o r k e r s  i n  t h e  f i e l d ,  a n d  t h e  S t a t e  
Geologist would suggest for the consideration of your honorable 
body, whether the Agricultural Survey should not be affil iated 
as a definite department of the State Survey, which, primary in 
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its organization, includes within its scope research along all of 
these lines. 

Regulations Governing the Distribution of Information Gathered 
by the Field Staff.—In connection with the distribution of data in 
regard to the mineral resources of the state, two fundamental 
principles can be laid down. 

First—Data gathered for the state and at the expense of the 
state is not to be given to any individual or company until it has 
been published and made available for all of the citizens of the 
state. 

Second—It is the duty and is an important part of the work of 
the State Geologist to direct capital to the resources of the state that 
justify development. 

In view of these principles a definite policy which the field 
staff of the Survey should carefully regard, seems apparent ; and I 
would herewith submit the following regulations touching this point 
for your acceptance or revision : 

No member of the field staff of the State Geological Survey 
shall make public information in regard to the undeveloped 
mineral resources of any locality or localities in the state, or in 
regard to sites suitable for irrigation, until a report on the same 
has been given to the public in a bulletin of the State or United 
States Geological Survey, or in some other official state or national 
publication. 

When such data has thus been given to the public, it shall be the 
duty of the field staff of the Geological Survey to assist investigators 
who seriously propose developing the resources of the state in 
any reasonable way that does not conflict with their other duties 
; provided, that no item of expense for such aid shall be borne by the 
state. 

Aid which may be rendered investigators under these regulations 
will, it is believed, result wholly and fairly to the advantage of the 
state. For the field staff to refuse their aid altogether to outside 
parties seeking to gather information preliminary to investments 
would result in preventing investment, or in bringing in specialists from 
eastern states whose knowledge of the local field must necessarily be 
limited, and their ability to present the resources of the state limited 
accordingly. 

Respectfully submitted, 
FRANK A. WILDER, 

University, November 1, 1902. State Geologist. 
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MINERAL STATISTICS 
Summary of Mineral Output from January I, 1901, to January 

1,1902. 
Lignite  ......................................................................................... $ 407,170 
Brick  ............................................................................................  165,662 
Cement   ............................................................................................. 10,000 
Stone  ................................................................................................... 5,000 
Gravel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

The estimated output of mineral products for the coming 
year, 1903, based on the increase in equipment already made, 
and a demand equal to that of the past year, is not less than 
$1,000,000. 

With this biennial report the Geological Survey begins the 
publication of the mineral statistics of the state. The data pre-
sented herewith is incomplete at a number of points, but the output is 
always under rather than over estimated. Steps are being taken to 
place the State Survey in close touch with every mine, brickyard and 
manufacturing establishment using native mineral for raw material 
throughout the state, and succeeding reports will contain complete 
statements of the state's mineral productions. 

LIGNITE. 

For a number of years the United States Geological Survey, 
through its bureau of Mining and Mineral Resources, has pub-
lished yearly statements of the output of coal in North Dakota, 
their report beginning with the year 1889, and coming down 
through the year 1901. The data given in these reports, though 
carefully compiled and collected, is necessarily incomplete, for 
many of the smaller mines are known only locally- and their output 
could not be determined. From 1895 to 1900 at least the figures 
given in these reports are doubtless too low. The extraordinary 
increase in the output of lignite in 1902 over the output for 1901 as 
shown in the accompanying tables, is partly real, and in part 
apparent only. Some of the larger mines now producing were not 
in operation in 1901, and the output during last year has actually 
nearly doubled. A more minute knowledge of the lig-- 
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nite deposits of the state renders possible a statement of the output 
of localities that were not reported in 1901. 

The following tables, taken from the United States bulletin, 
"The Production of Coal in 1901," present interesting data : 
Coal Product of North Dakota in 1901, by Counties.  

COUNTY 
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Distribution of the Coal Product of North Dakota from 1889 to 

1901. 
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$ 41,431

93 1.43
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30,000 
42,000
42,000

1.40 1.40 ..
. ... ....

....1892 .........
1893 ........  

.........  
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38 000 

47,968 
37,311

2,725 .
1,612
4,470

50
224

40,725 
49,630 
42,015

39,250 
56,250 
47,049

.96 
1.13 
1.12

216 
193 
156

54 
88 
771895 ....................  

1896 ....................  35,380
71,447

3,617 .
6,183

420 38,997 
78,050 

41,646
84,908

1.07
1.09

143
166 62

141
1897 ....................  65,032 10,458 1.756 77,246 83,803 1.08 168 170
1898 ....................  71,223 11,525 2,147 83,895 93,591 1.12 187 151
1899 ....................  77,731 20.788 290 98,809 117,500 1.19 154 210
1900 ....................  106,584 21,729 1,570 129,883 158,348 1.22 142 326•
L901 ........................  134,664 26.775 5,162 166,601 214,151 1.29 178 280
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Coal Product of North Dakota since 1884. 



The great increase which is shown for 1902 is due largely to 
the development of the large mines at Wilton, Burleigh county, 
at Kenmore, in Ward county, and the increased capacity of the 
mines in Morton and Stark counties. A great number of smaller 
mines throughout the entire lignite area were opened up, the 
coal in most of them being secured by stripping. As time goes 
on, and the mines work back from the banks of the streams or 
draws where they are commonly located, the overburden increases 
and instead of winning the coal by stripping, drifting . is begun. 
As the population increases many of these surface mines develop 
into underground workings of considerable magnitude. This trans-
formation is at present taking place in a number of localities. 

An attempt has been made to estimate the output of a number 
of the local workings. These localities were personally visited 
and the f igures given are under rather than over the truth. 
There are hundred of localities in North Dakota where farmers 
and ranchmen dig their own lignite and pay absolutely nothing 
for the privilege. It is impossible to estimate the amount of coal 
so mined though the total is considerable. 

The selling price of lignite at the mine varies from nothing 
to a dollar and a half. Where lignite costs nothing, the labor of 
the farmer who does his own mining, is not considered. If this 
were taken into account the lowest selling price would be but a 
few cents, for thousands of tons are won along streams where the 
f loods  of  fa l l  and spr ing do a l l  the  s t r ipping .  The se l l ing  
price, however, does not represent the true value of the lignite 
to the community. A truer standard would he the cost of fuel to , 

* The output for 1902, as shown above, is based on data collected by the State Survey. 

YEAR 
SHORT TONS 

SHORT 
TONS 

YEAR

35.000 25,000 25,955 21,470 34,000 28,907 30,000 30,000 40,725 49,630 

1884 ...................................  
1885 ........ 
18t.6 ..........................................  
1887 .......................................  
1888 ..................  
1889 .....................................  
1890 ...  
1891 .......................................  
1892 .....................................  
1893    ...............................  

1894 ..................................  
1895 ..................................  
1896 ................................  
1897 ...................................  
1898 ..................................  
1899 ..................................  



1900 ..................................  
1901 ..................................  
*1902 .................................  

42,015 38,997 78,050 77,246 83,895 98,809 129,883• 166,601 296,800 
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the state if lignite were absent, necessitating the use of other fuel. 
By this standard the values given in the tables below would be 
multiplied by four or five. 
Summary by Counties of Lignite output for 1902.  

COUNTY 

V 
gu 

cs 
-o

04 
 
o .) 

"g t; 
0

i4 
,- , 

. 7d 0 o c.; .4,,,,, 
7:3 72.1 

0 -. 
cn 

' '  
- 
o " co. 
7. 21 
0 

H 

a.; 
71' 
> 
3 
0 

H 

74 • 
a) ° o bio4., Cs ;... s-. a) v 

> C=,.
-, 

Billings  .................................. ... .... * 5,000 
5,000 $ 4,000 $ .80

 Burleigh     
Emmons ...........  

 
 

120,000 *10,000 
* 1,000 

130,000 
1,000

169,000
2,750

1.30
2.75

Mercer ..........................................
Morton  ...................................... 30,000 * 3,000 

* 5,000 
3,000

35,000
2,400

. 45,000
.80

1.30McLean .... ....  ......................
Oliver    .............................. 

. . . . . . . .
.... ...

* 4,000 
* 3,000 

4,000
3,000

5,200
2,400

1.30
.80

tStark  ........................................
Ward. ......................................... 

45,000
76,800

*10,000 
*19,000 

55,000 
57,800

66,000
107,520

1.20
1.40Williams  ....................... .... ..

---
.. .... * 3,000 3,000 2,400 .80

To ta l  . . . . . . . . . . . . . . . . . . . . ... .... 296,800 $407,170 ......

In the number of mines that are shipping coal by railroad 
Ward county easily leads, but since it contains the large Wash-
burn mine, Burleigh county leads in output. During the fall the 
selling price advanced sharply throughout the state, from $1 to 
$1.25 and at times to $1.40 per ton at the mines. The present 
surface equipment of mines in Ward county is sufficient for a 
much larger output than as estimated last year, and as underground 
work is advancing rapidly the output for next year will doubtless 
show a remarkable increase. 

BRICK. 
The output of clay goods shows a remarkable increase for the 

past year. At least two new yards were established in 1902. In 
spite of this, however, the state is probably using more brick 
than it produces, the additional supply coming from Minnesota. 
This condition is not natural, for North Dakota possesses immense 
quantities of the finest clays, easily available, with cheap fuel, and 
the state should ultimately become an exporter of brick and pottery 
in various forms. 

* Estimated. 
t Including Hettinger. M I N E R A L  S T A T I S T I C S  2 9  

The Red River Valley.-Grand Forks is the largest producing 
center in the state, with three large yards which have a com-



bined yearly capacity of 15,000,000. Like all of the brick in the 
Red river valley the Grand Forks product is made by the soft 
mud process, and is not intended for a facing brick. The Swanson 
yard at Fargo has an annual output of 1,500,000. The 
demand exceeded the supply throughout the Red River valley 
during the past year, and the season of 1903 promises to be a very 
active one. 

At Dickinson. - The development of the promising plant 
at Dickinson is of general interest to the state ; for it means a home 
supply of high grade facing and fire brick. For the city in 
which it is located it means a considerable addition to business. 
The following detailed statement of output shows the variety of prod-
uct of the Dickinson Fire and Pressed Brick company. 

Brick made from April I to October 3o, 1902. 

The yard will remain in operation during the entire year. 
The simple and convenient manner in which fuel is secured for 
this yard has been described under lignite deposits about Dickin-
son, Stark county, and the clay pit with lignite seam is shown in 
Plate XXX. 

K I N D  
NUMBER 
VALUE 

Pressed facing and common ...............................  
Ornamental brick ..............................................  
Well curbing brick ..... 
Fire brick, plain  ....................  
Fire brick, skew backs .......................................  
Fire brick, side arch  ......................................  
Fire brick, end wedge .......................................  
Fire brick, kiln floors, 4x4x12 inches . 
Fire brick, coke oven floor tiles, 12x12x3 inches Fire brick tiles, 4x10x24 inches
 .......................................................  
Fire brick tiles, 15x18x3 inches .........................  
Fire brick boiler arches  ...................  
Fire brick bullheads ..........................................  
Window sills and caps, 4x10 inches by 4 feet .....  

Total ...........  
Coal mined, 1,014 tons 

Total value  ......  
$11,208.00 350.00 168.00 3,576.00 200.00 120.00 196.80 65.00 230.00 

9.00 
9.60 245.00 75.00 

8.00 
$16,460.40 

1,521.00 

$17,981.40 
934,000 

3,500 
14,000 
298,000 

4,000 



10,000 
16,400 

650 
1,150 

30 
32 
98 

2,500 
4 

1,354,364 
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The following table includes all of the yards from which re-
ports could be obtained last year : 
Brick Yards.  

FIRM NAME AND LOCATION "ci 
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Grand Forks-       
Dinnie Bros     ................. 5,000,000 $ 35,000 4 $7.00 11
W. P. Alsip    ................. 5,000,000 35,000 4 7.00 12 ..Ed Hunter .....  

Fargo— 5,000,000 35,000 4 7.00 12 ..
G. A. Swanson  ...............

Dickinson -  ... 1,500,000 12,000 3 8.00 12 ..
Dickinson Pressed Brick 
and Fire Clay company.. 
Burlington— 

. ....... 1,400,000 16,460 9 11.30 .... ..

Mouse River Lignite Coal 
company ......................... 

1,139,000 
9,112

3 8.00
20 ..Bismarck ............................

Williston- .. 1,000,000 6,500 5 6.50 15 ..
Metzgars ..........................

*Brueggars    ..................
1902 300,000 2,500 3 8.50 12 ..

Washburn— 
Edward Cross ....................

New Salem— 
1902 300,000 3,600 1 12.00 8 ..

Bowser Bros. 
Bottineau-  300,000 2,400 .... 8.00 4 ..

William Hall ............
Rolla—  850,000 6,250 4 8.00 13 ..
Philip Demars ................... 1902 230,000 1,840 4 8.00 7 ..

Total     .................... 20,880,000 $156,550 .... .... .. ......

A detailed report of the brick industry of the state is reser red 
for the next biennial report. 

PORTLAND CEMENT.  

The works of the Pembina Portland Cement company are 
located on the Tongue river in Cavalier county, North Dakota. 
The deposits of raw material outcrop from the sides of the high 
bluffs adjoining the river. The material is secured by tunneling 
and is run from the quarry in mine cars to the kiln. It is a soft, 
a rg i l l aceous  l imestone ,  easy  to  mine  and handle .  I t  i s  of  
remarkably uniform composition and very free from objection-
able impurit ies .  Analyses show that this  raw nal er ia l  has a 

*No report was obtained from the Brueggar yard at Williston. composition very -
similar to that used in some of the best German 

cements. 
The factory is substantial ly built and equipped with high 



grade machinery. The most modern and improved appliances 
are used throughout. The whole plant is under one roof with 
the exception of the engine house and the clinker storage rooms. 
The main building contains the crushers, driers, pulverizers, rotary 
kiln and conveying machinery. The plant is provided with rotary 
and upright kilns. From fifteen to twenty men are employed during 
the active season. Considerable work is done at the factory during 
the winter months. During the past year the output was 8,000 
barrels. It is hoped that it will be increased to 50,000 during the 
coming year. 

Two grades of cement have been made, namely, a high grade 
Portland and an exceptionally high grade natural hydraulic. The 
Portland is made by a somewhat different process from the 
hydraulic and from specially selected material. During the past 
year only one brand of cement has been put on the market. This 
is known as the Northern hydraulic and is in reality a semi- 
Portland. There is no other hydraulic cement known of such a 
high grade as the Northern hydraulic cements made by this 
company, since the cl inkers from which it is made contain a 
large proportion of high grade Portland material .  The cement 
is all ground unusually fine, a fact which adds much to its value 
in masonry and to its strength since it enables the cement to 
carry considerably more sand. From 95 per cent to 98 per cent 
of the cement will pass a 100 mesh sieve. (That is, 10,000 to the 

square inch.) 
Many  of  the  l a rges t  contrac tors  have  used th i s  cement  

extensively and have pronounced it by far the best hydraulic 
cement they have ever used and many reliable builders have used 
it as a Portland. Its market is from Minneapolis and St. Paul 
westward to the coast. The industry is a new one, but it has 
worked its way well into the favor of cement consumers and 
those who are best qualified to judge of its merits, and it already 
enjoys an enviable reputation. 

Tests of the Northern hydraulic cement made by the Pembina 
Portland Cement company : 

THREE PARTS SAND, ONE PART CEMENT. 
'7 days. 28 days. 3 months. 6 months. 
100 pounds. 200 pounds. 300 pounds. 400 pounds. 
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STONE. 

Very little systematic quarrying has as yet been done in the 
state. The Stafford quarry, one mile from Velva, has furnished 
stone for a handsome and substantial building in that town. A 
sandstone which outcrops along the Missouri river has been 
utilized for foundations in Washburn. In Emmons county some 
sandstone has been used for building, especially at Linton. Small 
quantities of sandstone have been used at Dickinson. 

Large sandstone quarries are practical, and a number of 
suitable locations only await a sufficient- demand to justify extensive 
development. 

The granite and gneiss boulders in the glaciated area are 
more important at present from an economic standpoint than are 
the native sandstones. Throughout the eastern half of the state, 
except in the Red river valley where surface boulders are scarce, 
they are used extensively for foundations and sometimes large buildings 
are constructed of them. They may be dressed easily and present a 
handsome appearance. The foundations of the buildings of the 
asylum for the insane at Jamestown show how effectively they may 
be used. Their cost varies with local conditions, but for many 
localities they should be considered as a possibility before brick for 
foundations. At Jamestown, under the contract for the erection of 
the asylum buildings, the boulders were gathered,. aauled, dressed 
to eleven-inch courses with sunk joints, and laict m the wall for $10 a 
cord. 

GRAVEL. 

It is impossible to estimate the value of the great gravel deposits of 
North Dakota, from which thousands of cars are taken 
annually for railroad ballast. They are conveniently distributed 
throughout the state and with increase of population will justify 
careful study, for they will furnish the most available road 
material. The deposits at Jamestown, which are seen by every 
traveler from the car window, are but samples of dozens of others, 
some of which are already opened by the railroads. 

POTTERY GOODS. 

As yet the valuable pottery clays of North Dakota are wholly 
undeveloped. They are destined, however, to figure conspicuously-  in 
the mineral statistics of the state. 
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THE LIGNITE COAL FIELDS 
OF 

NORTH DAKOTA 
EXTENT OF THE LIGNITE AREA 

While thin seams of lignite have been recognized in the 
eastern part of the state and have been described* at the southern 
bend of the Cheyenne river, in Township 135, Range 54, Section 
32, which lies about twenty-five miles southwest of Valley City, and 
at other points nearly as far east, workable seams are not found, 
except in the Turtle mountains, till the center of the state is 
reached. The plateau known as Turtle mountains is an outlier of 
the lignite area proper, which may be roughly bounded on the east 
by a line beginning at the northern boundary of the state and thirty 
miles east of the Minneapolis, St. Paul & Sault Ste. Marie R. R., 
and extending southeast to Harvey, thence south through Steele 
to the southern boundary. More minute study, aided by well 
borings which will doubtless be made as the country is settled, will 
probably shift this line east or west at certain points, thirty or 
forty miles. The state lines are its boundaries on the north, west, 
and south, while outside of the state the lignite continues in these 
three directions. Only this region, in which workable seams of lignite 
may reasonably be looked for, is included in this report under the 
term, lignite area. Even when so restricted it is of very great 
extent, equal to at least half of the state of Ohio. 

It is highly probable that lignite does not exist in seams of 
workable thickness in every part of this region, but it is equally 
probable that the fraction of the area lacking lignite in seams 
three or more feet thick is a small one, not more than one-fifth 

*Upham in Monograph XXV, page 92, United States Geological Survey. 
Geol. -3 
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of the whole. These seams may not all be available, either on ac-
count of depth, or some other difficulty in mining and throughout 
a considerable part of the region are so thoroughly concealed by 
glacial drift that, without a knowledge of the underlying 
formations and of the surrounding country, their existence would 
be unsuspected. 

TOPOGRAPHY OF THE LIGNITE AREA 
The surface of the lignite area presents considerable variety. 

Areas that would be regarded as topographic types could readily 
be chosen from the moraines of Coteau du Missouri ; from thy , 
older drift west of the moraine ; from the Missouri valley ; from the 
driftless area about Dickinson, and from the Bad lands. 

THE WISCONSIN DRIFT PLAIN. 

The extreme eastern portion of the lignite area lies within 
the coparatively leveml plain of the Wisconsin drift, the deposit 
formed by the last great ice invasion. Like this plain throug 
out the eastern part of the state, it is moderately rolling, and rarely 
presents the extremely level surface that characterizes it in Iowa 
and Illinois. The interesting valleys of the Mouse and des Lacs 
rivers, which lie within this area, will be briefly described by Mr. 
Wood in his report on Ward county. 

Rising rather sharply from the Wisconsin drift plain is the 
Coteau Gil l  Missour i ,  along the edge of which the lignite out-
crops at a number of points which will be described in the sub-
sequent text. The Coteau was studied along the Great Northern 
and Northern Pacific railroads, in a trip across country from 
Velva to Coal Harbor, and in a number of excursions back from 
the "Soo" road, and at all of these points its characteristics 
were quite constant. The rather sharp rise of its eastern face 
may be illustrated by the elevations of stations on the Great 
Northern. Des Lacs, 1902 feet above the sea, is on the prairie 
level, three hundred and fifty feet above Minot, which lies in the 
valley of the Mouse river. Berthold, twelve miles farther west, 
has an elevation of 2,087 feet. Wallace, six miles farther, is 
2,187 feet high. From Wallace to Delta, a distance of five miles, an 
ascent of seventy-six feet reaches the crest of the Coteau. From 
this point the descent of the railroad is gradual to the west, crossing 
the outer or Altamont moraine of the Wisconsin drift, and reaching the 
level of the lower terrace of the Missouri river at Williston. The 
upland level, however, rises gradually toward the west. 

THE MORAINES OF THE COTEAU DU MISSOURI. 

Under this term is included a region twenty miles wide, lying 



about midway between the Missouri river and the "Soo" road in 
the northern half of the state, then with the river bending 
toward the south and continuing thirty or forty miles east of it, 
to the southern boundary. The region is strongly rolling, poorly 
drained, abounding in lakes and sloughs. This "hill country," 
as it is commonly called, is well grassed and will ultimately be-
come a thriving dairy district, though now practically without 
settlers. Although boulders are abundant they present no greater 
difficulties to agriculture and grazing than have been overcome under 
similar conditions in the older states. 

THE OLDER DRIFT WEST OF THE COTEAU. 

A definite attempt to correlate the older drift outside of the 
Wisconsin moraines, with the Iowan, Kansan or pre-Kansan which 
have been differentiated farther south, has never been made, and 
while some data bearing on the question was collected during the 
past summer, an attempt to solve this problem will be left for a 
later report, and the general term of "older drift" only will be 
used. This drift, which is well exposed in railroad cuts about 
Washburn and along the Missouri river from Nelson to Chilcot, 
is highly oxidized and_ abave it at various points, notably near Wilton 
in Burleigh county, were deposits of fossil bearing loess. Its 
drainage is nearly perfect and the creek valleys wide, with very 
gradual slopes. The drift is generally thin and its topography is 
influenced largely by that of the underlying Laramine shales. 

THE VALLEY OF THE MISSOURI RIVER AND ITS LEADING TRIBUTARIES.  

The Missouri valley is the most significant topographic 
feature within the lignite area. In the narrowest sense it is 
three miles wide", and three hundred feet deep. In reality, how-
ever, the stream affects the slope of the land for a considerably 
greater distance on either side. In the valley proper are well 
marked terraces. Similar terraces also characterize the valleys 
of its leading tributaries. During the past summer these were 
studied along the Little Missouri, in southern Billings county. 
Here three benches, at varying heights above the flood plain, are 
well developed. The lowest is twenty feet above high water 
mark, and is composed of sand, loam, and gumbo, certain parts 
appearing very fertile, while other regions promise little to the 
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agriculturist. In width ,  it varies from a fourth to half a mile. 
While the flood plain is beautifully wooded, trees do not flourish 
on any of the terraces. The second terrace is 100 feet above water 
level and is equal in extent to the first, while the third, twenty-five 
feet higher, is perhaps larger than either of the others. These ter-
races are generally faced with steep bluffs, and, like the country back 
of them are cut up into the "breaks," which are the characteristic 
feature of "Bad Land" topography. 

THE BAD LANDS. 
This region, perhaps more interesting to the general student 

of geology than any other portion of the state. constitutes the 
very heart of the lignite area, and for the bad lands Medora 
may fairly be taken as the center. The sharp, freshly cut banks 
giving vertical sections of hundreds of feet, which characterize bad 
land topography are especially adapted to reveal the mineral wealth of 
this portion of the state. 

It is the purpose of this paragraph to discuss merely the to-
pography of the. Bad Lands. The nature and stratigraphic rela-
tionships of the clays, sands and lignites of which the strata 
are composed, will be considered elsewhere. The term "bad 
lands," originating as it did with the early French explorers who 
found these lands difficult to travel over, and hence "bad," has 
often been misunderstood. .  The soils, consisting of Cretaceous 
clays and wash from them, are generally fertile, and except 
where the slopes are so steep that the wash from torrential rains 
prevents the accumulation of vegetation, are well grassed Large 
stretches of country in the so called "bad lands" have a slightly 
rolling surface, and so far as topographic considerations are con-

cerned are in every way fitted for agriculture. Perhaps one-half of 
Billings county, south of the Northern Pacific railroad, where the 
typical bad lands are located has no greater surface slope than is 
desirable for drainage. Extending back from the Little Missouri 
river gradually for four or five miles are the "breaks," a country so 
thoroughly cut up by erosion, so broken into pyramids, domes and 
flat topped 'buttes, that it is extremely difficult and often 
impossible to traverse it on horseback. In the breaks, vegetation is 
scant, the steep sides of the draws and buttes showing the bare, 
banded Cretaceous clays, with here and there a streak of sand or 
ironstone. 

Rising above the average level of the bad lands are the low 
and high buttes. The low buttes rise to a height of one hun- 



North Dakota Geological Survey.

A Fossil Tree Trunk, Standing Where It Grew, Found Twenty-Five Miles 
North of Sentinel Butte. 
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dred and fifty feet.  Many of them are flat topped and reach 
very uniform elevation. They are well developed just north of 
the town of Sentinel Butte. The high buttes are scattered at 
intervals of eight or ten miles over southern Billings county, and 
less frequently are found farther north and east. Among them 
are the Camels Hump, Sentinel Butte, Square Butte, Bullion, 
Rocky and Black Buttes. All of these except the Camels Hump 
have flat tops, some of them a square mile in extent. Bullion 
Butte is perhaps the largest of those mentioned, its base occupying 
nearly a township. They usually rise abruptly to a height of 
four hundred feet above the surrounding country. Some of them, 
like the Camels Hump, are surrounded by a group of the lower 
buttes. The cross section shown in plate VI shows the relative 
heights of the low and high buttes, their elevation above the 
surrounding country being greatly exaggerated by the scale upon 
which the sketch is drawn. 

As already indicated, the contrasts in elevation taking the 
area as a whole, are considerable. Except along the streams 
and about the buttes the changes in elevation are gradual, and 
the driftless area in which contrasts are most marked, taken as 
a whole, instead of being regarded as rugged would be called 
strongly rolling. Sharp ascents and vertical faces, however, char-
acterize the buttes. Sentinel Butte is 400 feet higher than the station 
of the same name four miles away, and one-third of the ascent is 
made within half a mile of the butte, the last fifty feet being vertical 
at many points. 

The following tables giving elevations along railroads illus-
trate fairly the elevations in the lignite area. Towns printed in 
italics are in river or creek valleys, while those in ordinary type 
represent fairly the upland elevation for the country in their vicinity. 

E L E V A T I O N S  F R O M  E A S T  T O  W E S T  O N  T H E  G R E A T  N O R T H E R N  R .  R .  

D I S TA N C E  B E T W E E N  
STATIONS 

STATIONS ELEVATIONS 
 ................. Minot ...........  
 ............ Des Lacs .....  

 ..............  Delta ..............  

 ............ White Earth .........  

 .............. Tioga ...............  
 ................. Will iston  . . . . . . .   

16 25 34 8 40 



1,557 1,902 2,262 2,092 2,237 1,859 
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ELEVATIONS FROM EAST TO WEST ON THE NORTHERN PACIFIC R .  IL  

DISTANCES BETWEEN STATIONS ELEVATIONS 
STATIONS 

 ................ Mandan  .................................. 1,644 
35 

 ................ Sims  ............................. 1,959 
64 

 ............. Dickinson  ............................ 2,401 
40 

 ........ Medora.  .................................. 2,261 
17 

 ......... Sentinel Butte  .......................... 2,703 
11 

 ............. State Line  ............................ 2,811 

ELEVATIONS ON THE "S00." 

DISTANCES BETWEEN STATIONS ELEVATIONS 
STATIONS 

 ................  Harvey  ............................. 1,592 
51 

 ................. Velva  ................................... 1,525 
21 

 ................. Minot ................................... 1,557 
50 

 .............. Kenmare.... 1,799 
32 

 ............... Portal  ................................... 1,954 

THE TURTLE MOUNTAINS. 
The high rolling plateau that bears this name is crossed by the 

northern boundary of the state and lies east of the Coteau du Missouri 
a hundred miles, having been separated from this main mass of late 
Cretaceous clays by pre-glacial erosion. The longer axis of the 
plateau extends about forty miles east and west, the shorter axis at 
right angles to this, being about thirty miles in length. 

Beginning with a gradual ascent, the elevation increases rapidly 
near the top of the slope, till a height of four hundred feet above 
the surrounding country is reached. Morainic deposits, added to 
the unevenness due to pre-glacial erosion, give to the surface a very 
broken outline and adorn it with many attractive lakes. Among these is 
the beautiful little lake Metigoshe, situated near the center of the 
hills. Springs are abundant along the 'hillsides and feed perennial 
brooks. 

The region abounds in fine farms, and is one of the many at-
tractive agricultural districts of the state. 
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DRAINAGE OF THE LIGNITE AREA 
Four-fifths of the lignite area lies within the drainage basin of 



the Missouri river. The Mouse river drains the remainder, with 
the exception of a very small section in the center of the state, 
near Harvey, which contributes to the waters of the James. The 
practically undrained region in the morainic tracts of the Coteau 
du Missouri lies for the most part within the area that naturally 
sends its waters to the Missouri and ultimately most of it will be 
drained in this direction, though the other streams just mentioned 
would doubtless profit in a small measure by this territory. 

The Missouri crosses the lignite area nearly diagonally and the 
sharp cut banks so common along its course reveal vast 
quantities of this valuable fuel. From the east and north the 
river here receives no large tributaries, the most noteworthy being 
White Earth Creek in western Ward county, and Sandy Creek, which 
unites with it at Williston. Beaver Creek in Emmons county is 
reaching back into the morainic area, and is already a stream of 
some size. In addition to these are a multitude of smaller creeks 
from fifteen to twenty miles long, which have rather mature valleys in 
the older drift and are now cutting headward into the Wisconsin drift 
with great vigor. 

On the south and west the tributaries of the Missouri are 
much larger, doubtless because of the fact that the glacial drift 
here but slightly affected topographic conditions. The Little 
Missouri is a stream of considerable size. Entering the state ,  at the 
southwest corner, it flows north for one hundred and twenty- five 
miles, then turns to the east aid after a course of seventy- five 
miles unites with the parent stream. During spring and late fall it 
discharges a very large amount of water, while during the summer its 
volume is variable, at times dwindling to a stream of small 
dimensions. 

The same variations are characteristic of the Cannon Ball, and 
Knife and Heart rivers. The innumerable small tributaries of 
these streams, not indicated on any published map, ramify the region 
and readily draw off the down pour of rain storms which even in 
summer are often severe. 

The lignite area abounds in living springs, most of which issue 
from the lignite itself. Unaided by artificial conditions the larger 
ones will often fill a four inch pipe with a strong stream. In the 
subsequent reports the locations of many of these springs 
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will be noted. On account of these springs many of the creeks 
are perennial for a short distance from the parent stream. During 
the summer, the evaporation due to the heat and wind materially 
affects the amount of the water flowing in the creek channels and 
strong springs result only in forming a series of pools, separated by 
sand or gravel barriers through which the water seeps to a lower 
level. 

The Yellowstone river unites with the Missouri so close to 
the western boundary that it is hardly a factor in the drainage of 
the state. Its broad valley, combined with its large volume of water 
render attractive the possibilities of irrigation along its course in 
this state, as well as in Montana. 

In WIliams and Billings counties a few lakes are indicated 
on the map and some shallow ponds actually exist. Billings county 
is free from drift and Williams county lies outside of the area of 
the Wisconsin drift, so that this indication of incomplete drainage 
can not be ascribed to glacial agencies. • Where actually seen these 
ponds could be accounted for in one of two ways. A tributary 
stream at times is a more active erosive agent than the parent stream 
and deposits debris at their point of meeting sufficient to form a 
barrier behind which a considerable quantity of water may be held. In 
the region under consideration barriers in stream channels are 
more commonly formed by the slipping of the Cretaceous clays. This 
tendency of the' clay to slide in large masses is noticeable 
throughout the lignite area, and shows itself commonly in crescent 
shaped depressions on the hillsides. 

The drainage of Ward county is given in the report which 
follows. 

STRATIGRAPHY 
GENERAL RELATIONSHIPS OF STRATA. 

The restriction of the term "lignite area" to the region in 
which workable seams of lignite may be found greatly simplifies 
the stratigraphic series, and practically reduces this chapter to 
a consideration of the Laramie and of the drift. The thin seams 
of lignite farther east, along the Cheyenne river, regarded by 
Upham as possibly belonging to the Benton* are by this definition 
excluded from the discussion. The age and nature of the formations 
are shown in the following table : 

* U. S. Geological Survey, Monograph XXV, page 92. 



 
North Dakota Geological Survey. 
Plate V. 
Sandstone at the Top of Sentinel Butte. 
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GROUP S Y S T E M  SER IES STAGE S U B - S T A G E  FORMA- 
TION 

CENOZOIC PLEISTOCENE

RECENT 
  

ALLUVIUM 

GLACIAL 

WISCONSIN  DRIFT 
MORAINES 
GRAVELS 

  
- 

LOESS 

KANSAN? 
 

DRIFT 

MESOZOIC CRETACEOUS UPPER 

LAR AMIE 
 LIGNITE 

CLAYS 
SANDSTONES 

F o x  H I L L S ?  
 

SANDSTONE 

   

 
The table just given includes the surface formations only. 

Deep well borings would bring to light under these, the lower 
Cretaceous and other members of older series. It is the purpose 
of the present report to consider only exposed formations, the dis-
cussion of underlying series being better left for a subsequent report 
when the stratigraphy of the state as a whole can be considered. 

T H E  F O X  H I L L S  S A N D S T O N E .  

Todd, in Bulletin 144 of the Unite'd States Geological Sur-
vey has referred certain sandstone in southern Burleigh 
county and northern Emmons county to this formation. He 
says : "The presence of Fox Hills sandstone is shown by the 
capping of a butte encircled by Long Lake, just outside of the 
moraine, also by the conspicuous outcroppings along Sand 
creek, a steam flowing into the lake from the south, and about 
the borders of the tableland southwest. The same formation is 
similarly developed along Long Lake creek, which, rising near 
Long Lake, flows southwest in a large valley to the Missouri 
river near old Fort Rice." A sandstone which he regards as Fox 
Hills, is found ten or fifteen feet below the surface north of 
Steele.* 

* B u l l e t i n  1 4 4 ,  U n i t e d .  S t a t e s  G e o l o g i c a l  S u r v e y ,  p a g e  5 5 .  
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Reasons for referring the sandstone to this horizon are not 
given in the text.* Sandstone, apparently a local hardening of 
a more extensive seam of sand, occurs one mile west of Velva, at 
an elevation of about 1,700 feet, or lower than the sandstone at 
Steele by one hundred and twenty-five feet. The sandstone at 
Velva possesses no characteristics which prevdnt it being re-
garded as Laramie, nor does its elevation exclude it, for it is 
higher than the lignite mines at Minot. The reference of these 
elevated sandstones in Emmons, Burleigh and Kidder counties to. 
the Fox Hills may fairly be regarded as very doubtful. Even if 
they are not so regarded, there- probably exist areas of Fox Hills 
sandstone within the lignite area since pre-glacial erosion doubtless 
cut through the Laramie at points into the underlying Fox Hills. 
Exposures of this sandstone within the lignite area may never be 
found, since their line of meeting lies within a heavily drift 
covered area. 

THE LARAMIE .  

This, the latest stage of the Cretaceous, contains all the work-
able coal of North Dakota and is found in practically all the region 
previously defined as the lignite area, though its eastern border 
is buried, often deeply, by glacial drift. The difference in 
elevation of deposits of this stage actually exposed within the state 
is at least 1,400 feet. This nearly equals its maximum 
thickness known at any one point in the state. Its base lies not 
far below the Mouse river at Minot, 1,600 feet above sea level. 
while its greatest elevation is found in Sentinel and other "high" 
buttes, from 3,000 to 3,100 feet above the ocean. Its greatest 
thickness,, safely shown by the Medora well to be more than 
1,500 feet, occurs in the western part of the state, its vertical 
extent gradually decreasing toward the east, till at the edge of 
the Coteau du Missouri it drops off sharply, and continues as a 
relatively thin series beyond the Mouse river. 

The Laramie formations consist of clays, sands, sandstone, 
lignite, and thin bands of hematite, clay-ironstone and shaly 
limestone. Perhaps three-fourths of the entire series consists of 
clay. Some of them are of remarkable purity, while arenaceous 

*A personal letter from Prof, Todd, received since the above was written, says: "I 
inferred it (the age of the sandstone about Long Lake) from Hayden's statement that the 
Fox Hills sandstone, as he called i , was evident along Long Lake. See his statements of 
the distribution of Fox Hills in many places. From my personal knowledge of the Fox 
Hills and Laramie, I should say that the sandstone usually capping buttes in that region 
was very likely Laramie, and presume that the Fox Hills beds are lower down." 

T H E  L A R A M I E  4 3 .  



clays are not uncommon. Calcareous matter as a constituent is 
rare, though occasional layers contain fossil shells in great 
abundance. Analyses of Laramie clays from a few localities are. 
given below :* 

CONSTITUENTS Minot Bismarck Williston 

Sil icon (Si 0 2)    . . . . . . . . . . . . . . . . . . .   56.86 58.73 57.80 

Aluminum (A2
 03) ................................ 25.03 14.98 9.47

Iron oxide (Fe2 0 3) ... . . . . . . . . . . . . . . . . . . . . . . . . . 6.11 5.63 3.16
Calcium (Ca 0) .................................... 0.71 2.10 7,.91
Magnesium (Mg 0) . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.76 0.74 2.84
Sodium (Na,  0)      . . . . . . . . . . . . . . . . . . . . . . . . 0.50 0.988
Potassium (K 2 0)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.016 0.16 I
Water and volatile matter*   ................. 16.672 J?
Other matter    ....................................  10.014  ..........  

*By subtraction. All very moist. 

R E M A R K S — N o .  2, not used; found on bank of Missouri river near Bis-
marck. No. 3, not used; associated with coal near Williston. In the laboratory 
furnace, No. 1 baked cream; No. 2, red, very firm; No. 3, cream. 

The Laramie Clays.—Material is already partly in hand for a 
special report on the clays of North Dakota, in which the com-
position of the Laramie clays will be considered at length and 
their economic significance set forth. 

In color the clays vary from the nearly white fire clays to- 
brown, when they are rich in organic matter. These carbbna - 
ceous clays pass by all the degrees of graduation into lignite seams. 

that are pure enough to be developed for fuel. Selenite, or 
crystalline gypsum, is found in the Laramie clays of all colors,. 
but is particularly abundant in the brown layers. Crystals of 
considerable size occur and are commonly mistaken for mica. 
They are very rarely perfect in outline and their surfaces are 
commonly deeply etched. The brilliancy and variety in the col-
oring of the Laramie clays adds greatly to the beauty of many of 
the landscapes in the bad lands. Definite and sharply marked' layers 
of orange, buff, brown, red and white clays alternate in pleasing 
variety. They are never fissile, most of them showing no 
tendency to split along lamination lines. Often they have a fat, 
oily feel and the tenacity of putty. 

In certain layers plainly associated closdly with the lignite, 
gastopod shells representing four species and at least one large 

* Taken from First Biennial Report of Geological Survey of South Dakota. Analyses. 
by Prof. E. J. Babcock. 
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pelecypod occur in great numbers. Specimens of these shells 
taken from the clay pit of the Mouse River Lignite Coal and 
Brick Company have been sent to the Smithsonian Institution for 
identification. A fossil bearing layer was found thirty miles 
north of Sentinel Butte, near the junction of the Beaver and 
Little Missouri. The vertical limit of the fossil horizon was 
four feet while its persistence laterally was considerable, extending 
over a number of square miles, as shown in the buttes in which 
the neighborhood abounds. The elevation of this fossil layer was 
considerably above that at Minot, and it is hardly possible that 
the two are continuous, though the fossil content, as to number 
and kinds of species and state of preservation, seems to be the 
same. Perfect specimens of the pelecypod were rare, while the 
gastropod shells could be obtained abundantly in great perfection. 

Certain strata abound in silicified wood which preserves 
beautifully the original tree structure. Huge trunks three feet 
or more in diameter showing the annual rings, knots, and all the 
details of wood fibre though lacking the bark, a ,•e not uncom-
mon. Near the Stone ranch, twenty-five miles north of Sentinel 
Butte, huge trunks twenty feet high, standing upright and evidently 
in the place where they grew, characterize a definite horizon in the 
clays. One of these stumps in which the wood structure is beauti 
fully preserved though not brought out in the photograph, is shown 
in plate IV. Cavities in the silicified wood often contain closters 
of minute quartz crystals. The fossilized wood is generally light 
colored, though often the presence of a considerable quantity of 
carbonaceous matter renders it dark. Specimens in which on tilt- 
outside the wood has been silicified while within it has been changed 
to lignite are not uncommon. 

While the clay layers are for the most part horizontal, at 
times one or more layers will dip considerably and independently 
of those above and below them, the phenomenon appearing not 
unlike the cross bedding in sandstones. A single instance of this 
peculiar bedding is shown in figure 1. The strata here shown consist 
wholly of clays, differentiated by color. 

The sand of the Laramie varies considerably, some of it being 
extremely fine and when saturated with water forming a quicksand, as 
shown at two of the mines near Minot and described in the ac-
companying report on Ward county. 



A CROSS SECTION OF CENTRAL BILLINGS COUNTY 
THROUGH MEDORA AND SENTINEL BUTTE,  SOMEWHAT 
GENERALIZED,  SHOWING THE NATURE OF THE LIGNITE 
SEAMS 
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Fig. 1. Peculiar bedding in Laramie clays. 

The sandstones vary in composition, some of them being 
micaceous, the common mica being biotite. A calcareous sand-
stone of this description occurs at Velva, where it is but a local 
hardening of an extensive sand layer. Within a mile the stone 
thickens from two to ten feet. Outcroppings of a similar sand-
stone occur on the Missouri river at Washburn and it has been 
used to some extent as a foundation for buildings. At Sims and 
Dickinson, at elevations considerably above that of the stone at 
Washburn, sandstone is found in strata of considerable thickness. 
While these sandstones are similar in composition, the black 
mica being a conspicuous element in each, there is little ground 
for the assumption that they represent a single stratum, the only 
conclusion to be drawn from their similarity of composition being 
that they probably had a common source. 

The most notable sandstone stratum in the Laramie is that 
which caps it, and appears at the tops of some of the high- 
buttes in the western part of the state, as in Sentinel and Square 
Buttes. As developed in Sentinel Butte it is fifty feet thick 
and presents a vertical face for hundreds of feet on the north 
side of the butte. On the east and west ends great masses have 
fallen, forming talus slopes of magnificent proportions. This 
sandstone is light colored, shows but the slightest trace of lime, 
and is free from mica. The natural exposures show that the 
rock presents great resistance to the weather, the great blocks 
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being but slightly eroded by wind or water and are very firm, 
when their long period of exposure is considered. Situated 
three miles from the railroad, with an abundance of good coal 
at hand, the quality and vast quantities of this sandstone would make 
it the most promising quarry proposition in the state, if shipping 
rates and a market were favorable. It is illustrated in place near 
the top of Sentinel Butte in plate V. Todd finds a similar sand-
stone at the, top of the Laramie on the high buttes of the northwestern 
part of South Dakota.* 

Sandstone nodules and concretions occur in great abundance 
in the sands and sandy clays of the Laramie. Their shapes are 
often grotesque, suggesting forms laf plants and animals and 
they are frequently mistaken for fossils. They usually show 
plainly the concentric structure which reveals their origin. 
Many of them are remarkably round while others are elongated, 
all of the nodules in a given locality tending to take a common 
form. They are generally arranged in layers, a fair illustration 
of their mode of occurrence being given in the center of the 
frontispiece. Great disc-like bodies are not uncommon, the 
short axis of the disc being vertical, while the other axis may 
reach a length of twenty feet. Thin though very persistent 
bands of clay-ironstone partly oxidized to hematite occur fre-
quently in the Laramie clays. The greatest thickness observed 
was two inches, the mineral at no point appearing in quantities of 
economic significance. 

Limestone is equally rare, and when it does occur is highly 
argillaceous. The frontispiece shows a thin layer directly over the—

Coal. Beautiful leaf prints are abundantly preserved in the 
ironstone layers. 

The general characteristics of the lignite will be briefly de - 
scribed, detailed descriptions of exposures being reserved for the 
subsequent text. 

NATURE  OF  THE  L I GN ITE  DEPOS ITS .  

A careful consideration of the nature of the lignite deposits 
is important for practical and theoretic reasons. The numerous 
natural exposures of lignite in the driftless area and the re 
markably fine opportunity to study the Laramie strata offered 
by the bad lands make it possible to draw, even from a pre-
liminary study of the region, rather far reaching conclusions. 

*South Dakota Geological Survey, the First and Second Biennial Reports, with ac-
companying papers, pages 52-53. 
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A large collection of records from deep wells or prospect holes is 
needed to determine the nature and amount of lignite at con-
siderable depth below the surface, but this is a deficiency which 
time will doubtless remedy. 

Number of the Seams.—A section in part ideal, through the 
Laramie strata in the western part of the state, given in plate 
VI illustrates the nature of the lignite seams and probably does 
not exaggerate their number in the region between Sentinel 
Butte on the west and Fryburg on the east. The five well de-
veloped seams shown in the sketch as outcropping in the bluffs 
of the Little Missouri actually exist and may be traced for miles 
north and south of Medora. The seams shown in Sentinel Butte 
are not imaginary, and it is highly probable that further search 
between the base of the butte and the top of the bluffs will reveal 
other seams. Along the Missouri river south of Williston five 
and six seams are easily traceable for long distances, while from 
the Berthold agency Mr. Wood reports nine well defined seams 
in a single exposure. These records are in part due to the 
excellent opportunity for observation given by the bluffs of streams 
in the driftless area where vertical sections of nearly two hundred feet 
are not uncommon. They are due also to the abundance of the 
seams. Near the eastern edge of the lignite area their number 
is greatly reduced, but even here two and three exist at certain 
points, though probably only one is workable. This portion of 
the area will be more minutely considered in Mr. Wood's report 
on Ward county. 

On account of the nature of the seams, described in another 
paragraph, their number does not remain constant through large 
stretches of territory, and it is possible, though hardly probable, 
that in a few localities in the very heart of the lignite area 
prospect hole passing completely through the Laramie would not 
encounter a lignite seam. This probable variation in number 
and thickness of seams often within comparatively short dis-
tances will be a factor of great practical importance in opening 
up on a large scale a new lignite field. In the first place it will 
largely increase the number of prospect holes which must be 
sunk to determine the amount of available coal in a given area. 
To offset this, however, are a number of conditions which make 
prospecting unusually easy. 

Thickness of the Seams.—The lignite seams vary in thickness 
from an inch to forty feet. This maximum thickness, which 
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was seen and measured during the past summer, outcrops in 
Township 135, Range 101, Section 31, and will be described in 
connection with the lignite of Billings county. On government 
land in Township 133, Range 104, Section 20, and in Sentinel 
Butte, three miles south of the town of the same name, are ex-
tensive seams twenty-five feet thick. Seams fifteen feet thick 
are not uncommon and are exposed frequently along the Little 
Missouri river and more rarely to the north and east. In the 
subsequent text a large number of seams between six and ten 
feet in thickness will be described. In the western part of the 
lignite area seams two feet or less were so abundant that in the 
preliminary work covered by the present report it was not practical 
to note them. all minutely. 

Extent of Seams.—As important from an economic point of 
view as their thickness is the extent, or persistence, of the seams 
laterally. The- impression is somewhat prevalent that a single 
seam may be recognized at points separated from each other by a 
hundred or more miles. Special attention was directed to this point 
during the past summer, and the elevations of many of the coal 
seams in adjacent regions were noted in order to correlate the 
seams in one area with those of another, it this should be 
possible. Generally such a correlation was impossible on ac-
count of variations in thickness and elevation, unless a greater 
dip to the strata or more irregularity in the level of the surface 
on which the lignite was formed was supposed than actually 
seems to exist. If the nature of the seams admitted of such a 
correlation it would be very useful, for by prospecting along 
streams where natural exposures occur, it would often be impossible 
to determine the nature of the seams between two exposures 
widely separated. In some instances the lateral persistence of 
seams is considerable and can be demonstrated. In general, 
however, it was not found practical to correlate the seams in 
different exposures if the exposures were separated more than 
four or five miles. While a single seam was often traced for six 
miles or more along the banks of the Little Missouri, others 
seen at the same time thinned out and gave place to new ones a 
little above or below them. The interrupted seam often de-
veloped farther on after a break of perhaps half a mile, where 
the lignite was replaced by a bituminous, or even by a nearly 
pure clay. The deduction, which in the early part of the sea-
son's work seemed true, that certain horizons in the Laramie are 
notably richer in lignite than others,' was not borne out by later 
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Bluffs on the Missouri, Three Miles Southeast of Williston, Showing SiX 

Coal Seams. 

Plate VIIb. 

 
A Nearer View of the Above, Showing the Portion to the Left Only. 
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observations. For a given locality the statement holds 
good. The lignite about Medora, for instance, is present in 
thicker seams a few feet above water level than at greater 
elevations ; but an elevation which abounds in lignite at one 
point may be barren in another. The accompanying sketch, 
plate VI, illustrates conditions as they seem to exist quite 
generally throughout the lignite area. The number of seams 
here shown is probably greater than that actually existing 
along the eastern edge of the area, but does not exaggerate 
their abundance in the west. A striking instance of the rapid 
thinning of a seam is given in the forty foot seam already cited, 
which within one-fourth of a mile shrinks to seventeen feet, the 
top and bottom of the seam drawing together like the surfaces of a 
lens. 

Records of two deep wells, one at Medora, and the other at 
Dickinson, bored by the Northern Pacific Railroad, and 
quoted by Darton,* give an excellent idea of the frequency of 
lignite seams for a considerable distance below the .surface 
of these points. The well at Medora, situated twenty-five feet 
above the waters of the Little Missouri, and 1,860 feet above 
sea level,. penetrated the Laramie clay for 941 feet without 
passing through it. Seventeen lignite seams were encountered 
varying in thickness from a few inches to twenty-three and 
one-half feet, the total aggregating over sixty feet. Lignite 
was found but a few feet above the lowest point reached 
and is distributed nearly uniformly throughout the 
section. The Dickinson well in going from the surface at 
that point, 2,400 feet above sea level,. to a depth equal to that 
of the Medora well, 819 feet above sea level, passed through 
a similar series. Sixteen seams were found, giving a total 
thickness of lignite of about fifty-five feet.. The two points are 
thirty-nine miles apart, and in view of the data gathered this 
summer, Darton's attempt at correlation of the lignite seams 
appears doubtful. Figtire 2 is a reproduction of his sketch. 

Variations in Fuel Value of Lignite in the Same Seam.—

Perhaps a majority of the lignite seams examined and tested 
by analyses showed no great difference in the fuel value of 
the lignite from top to bottom. In some instances, however, 
differences in the composition of the lignite in a given seam are 
noteworthy. Not infrequently the upper foot is inferior in 
quality and is left as a roof in mining. The loss in this case 
is not as 



*Preliminary Report on Artesian Waters of a portion of the Dakotas. 
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great as might be imagined, for it is often necessary to leave coal to 
form a roof even though its quality is excellent. 

When the- lignite lies directly under the glacial drift, as at the 
Hanchett mine ten miles south of Velva, the upper portion shows 
deterioration. Shaly layers sometimes occur, which, if mixed with 
the coal from the rest of the seam, bring up the percentage of ash 
for the whole very materially. Sulphur streaks. are rare, the lignite 
generally being free from this objectionable element. In a number 
of analyses the highest amount was one per cent. Iron nodules, 
which prove so annoying to the operators of mining machines in 
the eastern coal, do not occur in the lignite, and there are no 
hindrances of this sort to the use of dril ls and under-cutting 
machinery. Pyrites of iron (Fe S) occur very sparingly, the 
yellow crystals occurring so seldom and appearing as such a 
novelty that not infrequently they are mistaken for gold. 

Variations in Fuel Value of Different Seams.—The chemical 
analyses and calorimetric tests of fifty or more samples of lignite 
given in the latter chapters make clear the differences in the fuel 
value of lignite from as many parts of the state. Samples were not 
taken from seams that were obviously too thin or too impure to be 
of economic significance. While niuy.„..of the thin seams show a high 
percentage of foreign matter, some of them, though only a few 
inches thick, seemed remarkably pure. The lignites taken as a whole 
will probably average somewhat better than the samples indicate, for 
in many cases perfectly fresh material could not be secured, and the 
weathering on the surface of a natural exposure is sufficient to lessen the 
carbon values for a number of feet back from the outcrop. As will 
be brought out in a later chapter, the lignites are generally of a very 
excellent quality, ranking according to the accepted standards for coal, 
between the ordinary lignites and bituminous coal. 

Possibilities of Bituminous Coal at Greater Depth.—The 
generally accepted opinion that the lignites always improve in 
quality with depth is not wholly borne out by the facts. While it 
is true that seams poor in quality grow fewer as the depth increases, 
the lignite from some seams within sixty feet of the surface has a 
fuel value higher than that of other seams at a much greater 
depth. The deeper lignites have been exposed less to the action 
of ground water than have those' near the surface, and have 
been subjected to slightly greater pressure, 
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though the latter factor in this case is too small to be very 
significant. When an upper seam has been well protected by 
impervious clays from percolating water, and in its original con-
stitution was as pure as the lower seams, it will probably equal 
them in quality. From above most of the upper seams from five 
hundred to a thousand feet of material have been removed by 
erosion, so that the two or three hundred feet of clays that are 
often regarded as an important factor in improving the quality 
of the coal are relatively insignificant. The analyses of the coals 
found in the deep borings made by the railroad companies in search 
of bituminous coal in the western part of the state are not at the 
disposal of the Survey, but the prospecting was undertaken some years 
ago, and since no developement work has been done the inference that 
bituminous coal in significant quantities was not found seems 
reasonable. 

A Popular Fallacy in Connection with the Lignite.—The be- 
lief so often expressed that lignite seams outcropping on hillsides 
are certain to thicken as the mine goes back into the hill, is hard 
to account for except in the optimism which fortunately is the 
endowment of a large part of our race. While in many cases the 
seams doubtless thicken away from the outcrop, the converse will 
as often prove true. The coal seams being in general lens-like, it is 
impossible to determine whether the outcrops represent a section 
near the edge of the lens or across the center. In the former case 
the lignite will thicken as the drift goes into the hill till the center 
of the lens is reached, while in the latter it will become thinner. 

"Burning Mines."—Evidence is at hand at nearly every 
point within the lignite area which shows that great quantities of 
this valuable fuel have been destroyed by fire. Thick masses of 
burned clay, red, brown, white, or vitrified to a dark glassy slag, 
cap many of the low buttes, or lie in confused heaps on the slopes. 
From Fryburg to Medora the Northern Pacific Railway passes 
through a region in which "scoria" as the burned clay is called, is 
particularly abundant. It makes an admirable railroad ballast, and 
would be of value for concrete work if it were near a large center 
of population. The burning of the lignite has probably taken 
place intermittently from the time when the upward movement of 
the earth's crust gave an incentive to the active erosion which cut 
down through the Larainie formations, exposing the lignite, until the 
present. 
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The Washburn Mine at Wilton. 

Plate VIIIb. 

 
Miners' Houses, Forming a New Town Near Wilton. 
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Beds that are still burning may be seen at a number of points in 

Billings county. Prairie fires and spontaneous combustion are 
probably responsible for the "burning mines" in both the present 
and the past. The burning of the lignite has directly affected the 
topography of the lignite area only in a very small measure, the real 
agent that gave rise to the buttes and the bad lands being the 
erosive action of water. Indirectly, by hardening the clay until it 
formed an effective protection for the softer underlying strata, the 
burning out of the lignite was a real factor in the problem of the 
origin of the bad lands. 

Prospecting for Lignite.—Very frequently the lignite is 
fully exposed along freshly cut stream banks, and may be recognized 
at once. Where it has weathered for a long time it appears as a 
black clay and considerable digging is necessary to demonstrate 
its true character. In a grass covered region springs serve as 
the best indication of lignite. Perhaps four- fifths of the springs 
in the driftless area come out of lignite seams along coulees, 
where they are concealed by vegetation. Most of the wells obtain 
their water from the same source. Water, so obtained, is generally 
potable, and often very palatable. Vegetation is said to remain green 
longer in the fall along surfaces which conceal lignite seams, due 
doubtless to the abundant moisture. 

In some cases masses of scoria may serve to indicate the 
presence of the lignite in higher elevations. The presence of lig nite 
in Sentinel Butte, for example, and of scoria on the top of the low 
buttes in the seven miles of territory that intervene between it and 
the Camel Hump and at the same elevation as the Sentinel Butte 
seam, render likely the existence of a portion of the same seam in 
the Camels Hump. In this case the supposition is that the lignite 
once occurred in the low buttes and in much of the intervening 
territory now reduced in level by erosion. 

Origin of the Lignite.—The woody structure of much of the 
lignite is so obvious that it is hardly necessary to allude to its 
vegetable origin. A collection of fossil plants representing 
species that probably contributed largely to the lignite deposits of 
the state was made during the past summer and is now in the hands 
of specialists at the Smithsonian Institution, and the results of 
their determinations will be published in a later report. The 
generally accepted opinion is that the lignite represents 
accumulations of vegetable matter "in place," that is, in the local ity 
in which the matter grew. Swamps more or less ex- 
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tensive, in which the water was sufficient to preserve the organic 
matter until large quantities had accumulated, formed most favorable 
sites for the future lignite beds. A subsequent change in the 
conditions, perhaps due to crustal movements, resulted in the 
deposition of fine sediment on the mass of fallen and matted 
vegetation, forming the overlying clay or sand layer. Deposits of 
this nature continued till the process of filling, perhaps aided by an 
upward crustal movement, raised the surface so that vege tation could 
again flourish, when the formation of a second lignite 
seam began. 

This explanation has been fully developed, and is perhaps the 
most satisfactory that can be offered. It has long been accepted as 
an adequate explanation for most of the coal measures of Car-
boniferous • age. The evidence that the Dakota lignites were 
formed in place, however, is not as strong as in the case of the 
eastern coal. While delicate leaf prints perfectly preserved are 
common in the clays, showing that they were buried in quiet 
waters, they are extremely rare in the lignite seams themselves. 
Stumps standing upright in the lignite with roots in the under-
lying clay were not observed in a single instance. The clay at 
the base of the lignite contains, at times, branches and leaves, but 
vegetable matter in any form is not more abundant than in 
clays in other positions. The clays associated with the lignite often 
show structures indicating current action rather than quiet water. 
More data must be gathered, however, before an alternative hypothesis 
can be satisfactorily elaborated. 

The physical and chemical properties of the lignite will be 
more fully considered in the chapter on the Fuel Value of the 

Lignites. 
THE LARAMIE 

55 

Some fragments by their shape suggest that they are casts of 
branches or trunks of trees. No leaf or shell prints were ob-
served. The top of the butte is level, with the exception of a 
mound forty feet high at its western end. The top and sides of 
this mound are bare and its composition throughout well shown. 
It consists of a very argillaceous limestone which breaks into 
thin, tough slabs. Fragments one-fourth of an inch thick con-
taining three square feet of surface were easily taken out with a 
light pick. When tested with hydrochloric acid some layers 
readily and wholly dissolved, while others showed an insoluble, 
cherty center. No fossils were found, though a more careful 



search should be made before their absence is affirmed. 
That the chert and the limestone of this mound are remnants 

of strata that once covered the butte is obvious. The age which 
is to be assigned to them is not so clear. Todd* has referred 
cherts and limestones of a similar nature, which occur on the 
top of the Cave Hills, and on Slim Butte just south of the North 
Dakota state line, to the White River group, on account of their 
esemblance to the Titanotherium and Oreodon beds . on Sage 
creek and White river. On these buttes he reports the presence 
of "thin layers of fine grained, thin bedded, sonorous white 
limestone, in which are found numerous fossils of fresh water 
shells, including the genera Planorbis, Limnea and Pfiysa. 
These are silicified, while the stone is largely calcareous. When 
subjected to acid it is found, however, that there is a bulky 
argillaceous residue - which interferes with the easy solution of 
the rock." 

The description, except for the fossils, answers very well for 
the limestone on Sentinel Butte. The same formation may be 
looked for on other high buttes of Billings and Stark counties. 

THE GLACIAL DRIFT. 

Over two-thirds of the lignite area glacial drift is present 
and exhibits a variety of interesting phenomena. The presence 
of drift of at least two glacial epochs has already been noted and 
the topography of the Wisconsin moraine has been briefly de-
scribed. The characteristics of the drift of Ward county will 
be quite fully considered by Mr. Wood, and a brief description of 
the drift in other counties will be given in connection with an 
account of the lignite. 

* South Dakota Geological Survey, Vol. II, pp. 51 and 60. 

REMNANTS OF STRATA YOUNGER THAN LARAMIE. 

Over the top of Sentinel Butte large quantities of flint and 
chalcedony are scattered, in small fragments. Their occurrence at such 
an elevation and their manifest independence of the under - lying 
Laramie sandstone arouses the interest even of those not given to 
the study of geology who climb to the top of the butte, and 
questions as to their origin are frequently asked. Most of the 
fragments are chipped showing a perfect conchoidal fracture. Their 
color on fresh fractures is a light gray. Occasionally fine moss 
agates are found among them. Their cherty origin is shown by 
their irregular surface when not artifically fractured, covered with li. 
stone in which they were evident3y formed. 
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THE LIGNITE DEPOSITS OF WILLIAMS COUNTY AND 
VICINITY 

FRANK A. WILDER. 
The area here briefly described includes nearly three thousand five 

hundred square miles in the northwestern corner of the state. The 
Missouri river on its southern boundary greatly facilitates the study of 
the lignite deposits by exposures in its deep valley and along its 
steep bluffs ; while Stony, Sandy and Muddy creeks have cut 
deeply into the Laramie clays, revealing through a considerable 
territory their fuel content. The country is covered with a thin 
layer of the older drift which is seldom a hindrance to prospecting. 
The topography of the country is, in the main, that of the older 
drift. 

Lignite in the Vicinity of Williston.—The town of Williston' is 
supplied with coal from seams which outcrop along the Missouri 
bluffs to the east, and in the valleys of Stony and Muddy creeks. 
The first or low bench of the Missouri is here two miles wide on the 
north side of the river, and from this the bluffs rise abruptly,' and 
show a number of coal seams. At the Dahl mine, four miles east of 
Williston, in Township 154, Range 100, Section 28, considerable 
quantities of coal have been mined by stripping the overlying clay 
from one of the seams. Of late but little coal has been taken from 
this paint, the amount of stripping required rendering the method 
unprofitable. The section shown in the bluffs at this point 
beginning at the top and going down, is as 
follows :  FEET. INCHES. 

17. Grass covered clays, to upland  ...........  40 
16. Clay  ...............................................................  20
15. Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2
14. Clay  ............................................. 20
13. Lignite (the seam mined) ...................  4
12. Clay  ...............................................................  50
11. Lignite .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .    6
10. Clay  ...............................................................  3
9. Lignite  ...........................................................   2
8. Clay ...... . . . .. . . ................................................................................................................................................................................................................ 
7. Clay ironstone  3
6. Clay.. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3
5. Lignite  ................................................   3
4. Clay  ...............................................................  4
3. Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
2. Clay  ...............................................................  4
1. Lignite ...... ... .. .  .... . . . . . . . . . . . . . . .   6 



North Dakota Geological Survey. 
Plate IX. 
An Eight-Foot Lignite Seam Near Medora, on the Little Missouri. 
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Lignite from the Dahl mine gave the following analysis :* 
Volatile matter  ...............................................................  42.65 
Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   52.78 
Ash  ..............................................................................................................  4 .57 

Crazy Man's creek and Cedar coulee extend back from the 
river to the north, in this and adjoining sections, and along them 
lignite outcrops at a number of points. Three miles north of 
the Dahl mine in the bed of Crazy Man's creek is a spring which 
fills a three inch pipe with a strong stream of good drinking 
water rises out of a lignite seam, three feet of which are exposed. 
The lignite seems to be of good quality, though no mining has 
been done at this point. Its depth below the average prairie 
level is about that of the Dahl mine, and very possibly it repre-
sents the same seam. Observations made at many points within 
the lignite area, however, show that such a deduction is not 
safe. It may represent an entirely new seam, or by the rising 
of the seam become coincident with the upper seam, number 15, 
in the Dahl mine section. 

In the adjacent Cedar coulee one of the finest lignite seams 
seen in the northern part of the state is exposed. It appears as 
the lowest number in'the followng section : 
 FEET. INCHES. 

18. Glacial drift  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   10 • 
17. Lignite   ....................................................................... 6 
16. Clay • .......................................................  10 
15. Lignite   ....................................................................... 6 
14 .  C lay   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   10 
13. Lignite   .......................................................................... 4 
12. Clay   ........................................................ 7 
11. Lignite   ....................................................................... 6 
10. Clay   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
9. Lignite   ....................................................... 3 
8. Clay  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
7. Lignite, soft  ............................................... 2 
6.  Sandy clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   15 
5. Clay  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
4. Lignite   ......................................................................... 6 
3. Clay   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
2. Sandy clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   35 
1.  Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   12 

The thick seam in number 1 of this section is excellent in 
'quality. Considerable quantities have been mined by stripping, 
and preparations are being made to utilize it on a large scale. 

*Analysis by Prof. E. J. Babcock. 



58 THE LIGNITE COAL FIELDS OF NORTH DAKOTA 
THE LIGNITE DEPOSITS OF WILLIAMS COUNTY AND VICINITY 59. 

it is shown in the frontispiece with part of the overlying clay.. The 
exposure of this seam is continuous for 3,000 feet near the bottom 
of the coulee, the amount of good coal demonstrated , being very 
great. Its distance from the railroad is three miles. 

Along Stony creek, between Avoca and Williston, lignite 
outcrops at a number of points. Three miles from Avoca is the old 
Taylor mine which for one year supplied fuel for Fort. Buford.  
It  is  i l lustrated with overlying clays and thinner 
lignite seams, in figure 3, the formations 
follows : 

illustrated being as,

FEET. INCHES. 

7. Glacial drift     ......................................  20 
6. Lignite  ........................................ 15. Clay  ................ 20
4. Lignite  ............................................  1 1V2
3. Clay  ............................................................  10
2. Clay, very fine and firm ......................  

2

1. Lignite .........................................................  5 7  

 
Analyses of two samples from this 

Number 1. 
Water and volatile matter, not dry  ..  
Fixed carbon  ............  
Ash  ..................................  
Sulphur  ...................................................  
Number 2. 
Water and volatile matter, not dry  ..  
Fixed carbon  .............................  
Ash  ..........................................................  

*First Biennial Report North Dakota Geological Survey, Prof. E. J. Babcock.. 

Along the creeks north of Williston a number of mines have 



been opened for local use, the coal being won by stripping. 
Among them are the Pettis mine on Red Bank creek, in Township 
153, Range 102, Section 9, and the Cow creek mines, and the 
Metzgar mine. The seams worked are from four to six feet_ thick. 

In central and northern Williams county, Mr. J. C. Field, 
county surveyor for Williams county, reports that lignite is very 
abundant, outcropping at a great many points along the coulees 
thirty or forty feet below the surface. This region abounds in. 
springs which probably rise from the lignite. Their number in 
Township 156, Range 102, is said to be nearly sixty. In the 
central and western part of the county, in Township 158, Range 104, 
Sections 6 and 7, coal six feet thick is reported as outcropping. 
continuously for 300 feet. 

Three miles southwest of Williston, on the south side of the 
is a cut bank which shows a number of coal 

series given at this point is illustrated by the section : 
FEET. 

seams. The

INCHES. 

17. To upland    ...................................  55 
16. Cray  ..............................................................  4 
15. Lignite  ................................................  2 
14. Clay  .................................................... .50 
13. Lignite 3 
12. Clay  ...............................................................  5 
11. Lignite  ..............................................  1 
10. Clay  ................................................................  25 
9. Lignite  ..............................................  1 6
8. Clay  ...............................................................  8 
7. Lignite  ........  8
6. Clay  ...............................................................  1 
5. Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6
4. Clay  ...............................................................  25 
3. Lignite  ................................................  3 
2. Sandy clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   2 
1. Lignite  ..............................................  3 

 Water level.   
Plate VIIa shows seams 7, 9 and 11 of this section plainly ;. 5 

is barely visible on the left . Plate VIIa shows the complete 
section ; plate VIIb being a nearer view of the lower cuf bank on 
the left. In addition to seams 7 and 9 of the section,, the three 
foot seam number 13 is conspicuous, and above it, near the top of 
the bluff the two foot seam number 15 in the section: 
mine gave : 
PER CENT. 

51.59' 
 ...  43.99 

4.42' 

.17 



52.23 43.76 4.01 
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appears. The lignite outcropping at the water edge is very 
solid, and makes excellent fuel. It persists along the river for 
some distance at this level, outcropping at the foot of the bluffs 
six miles up the river, where it has been mined by drifting into 
the bluffs, the entry extending 100 feet. 

Across the river about Stroud, ten miles southeast of Williston, 
lignite is said to be abundant. At McArthur's sheep ranch on 
Red Wing creek, in Township 151, Range 100, ten miles south 
of Stroud, a seam from ten to sixteen feet thick is reported by Mr. 
J. S. Field as showing at nearly every bend in the creek for three 
miles. 

The lignite about Hofflund, Grinnell and Nesson was studied 
by Mr. L. H. Wood, and the results of his investigations are 
given in connection with his report on Ward county and adjacent 
territory. 

LIGNITE DEPOSITS OF BURLEIGH COUNTY 
FRANK A. WILDER. 

The Washburn Mine at Wilton.—Wilton is situated near the 
northern boundary of Burleigh county, in the center of an area 
stretching north into McLean county and across the Missouri 
river into Oliver and Mercer counties, which has long been 
known to abound in lignite coal. In reality this area is but a 
portion of the great lignite area, this being somewhat better 
known than the large region just west of it. Later study will 
doubtless show that western Oliver and Mercer counties are as -

richly endowed with lignite as the eastern portions along the 
Missouri river, and the section outlined above will appear as but -

a small fraction_ of the eastern edge of the great lignite area. 
The coal about Wilton was first brought into special promi-

nence by the opening of the large Washburn mine, the largest 
mine up to this time operated in the state. Work on a large 
scale in this region was rendered possible by the building- of 
the Bismarck, Washburn & Great Falls Railroad, which developed 
a region with large mineral and agricultural resources. Although 
opened only two years ago, the Washburn mine would be regarded 
as a large mine, judged by the standards recognized in the older 
coal producing portions of the country. 

The topography of the region about Wilton is that o: the -

moderately rolling older drift. Drainage is complete and the 
surface conditions for farming admirable. At the Washburn 



North Dakota Geological Survey. Plate X. 

An Eight-Foot Coal Seam Two Miles North of Medora, Mined for Local Use. 
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mine, which is a mile southeast of Wilton, the lignite lies sixty 
feet below the surface. No lignite is known to occur between 
the surface and the seam mined. In thickness this seam varies 
from eight to thirteen feet, the variations in thickness being 
irregular, and after being reduced to its minimum thickness it 
often thickens again. Variations of this sort are due to the ris-
ing of the floor or the lowering of the roof, or both. The base 
of the lignite dips consequently, not on account of folding in the 
strata, but because of unevenness of the floor on which it was de-
posited. Moreover it sometimes rises five degrees without any 
reduction in the thickness of the seam. Below the seam mined six to 
eighteen inches of clay occur, followed by a coal seam varying in 
thickness from six inches to two feet. The section, then, as given at 
the Washburn mine shaft is as follows : 

FEET. INCHES. 

5. Drift   ............................................ 8 
4. Clay and sand  ................................  52 
3. Lignite   ............................................. 8-13 
2. Clay   ......................................................................... 6-18 
1. Lignite   ............................................................. 6-24 

Toward the west this vein grows thinner, and as shown by 
wells at Wilton, is there only two feet thick. Toward the north, 
however, it continues for seven or eight miles, its average thick-
ness of eleven feet having been demonstrated in a considerable 
area by drilling. Whether the seam extends southeast continu-
ously to the Ecklund mine, which is two miles away, is uncertain. 

From six to eight feet of the seam are mined, the remainder 
being left to form a roof. Above the seam lie eight feet of 
brittle joint clay, which in turn is overlaid with sand. The 
mine is worked with the double entry and room and pillar 
systems, the width of the rooms being seventeen feet. A single 
row of wooden posts in the center of the rooms supports the 
roof. Between the rooms fourteen foot pillars are left. There is 
very little timber in the entries. While there is some water in 
the 'mine, the amount is not sufficient to render it troublesome. 
About 10,000 gallons are pumped every twenty-four hours. The 
flow in summer is somewhat stronger than in winter. The floor 
heaves slightly, due to the pinching in of the under clay, but the 
presence of the thin coal seam already noted as occurring two 
feet lower, greatly checks this tendency. Up to September, 1902, the 
lignite had been removed from about six acres. 
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The mine entry slopes from the surface at an angle of 
twenty-three degrees til l  the lignite is reached. At present six 
Jeffrey undercutting mining machines are in operation. After 
this machine is set it undercuts the lignite for a distance of seven 
feet in four minutes, the width of the groove being four feet. 
Electric drills are used, and six holes in two horizontal rows are 
dr i l led into the end of  the room after  the removal of the 
undercutter. Six shots are sufficient to bring down the lignite above 
the undercut, the lower row of three holes being shot first. For 
shooting, picking down and trimming rooms miners receive 30 
cents a ton, and 35 cents for the same work in entries. Ventilation is 
secured by two thirty inch fans and one one hundred inch fan, the 
latter installed on the surface. The coal is brought to the surface in 
an elevator made by the Jeffreys Manufacturing Co., which hoists it 
from the level of the seam, sixty feet beneath the surface, to the 
top of a tipple from which it slides down chutes into cars on the 
sidetrack. An Ottumwa box car loader facilitates the process of 
filling cars. The surface equipment of the mine is shown in plate 
Villa, while b shows Chapin, the new town of miners' houses. 

In August, 1902, the output was 180 tons a day, while during the 
preceding winter it reached 475 tons a day. During the present 
winter the daily output amounts to 1,000 tons. 

The mine was laid out by Mr. R. M. Hazeltine of Ohio, mining 
expert. Mr. A. C. Dixon is superintendent, and C. P. Eckels 
manager. A diagram of the underground development appears in a 
subsequent chapter. 

Two analyses of the Wilton lignite will serve to illustrate its 
excellent quality. 

Number 1. 
Volatile matter 

Fixed carbon .......................................  
Ash  .............................................................................................................  
Number 2. 
Volatile matter  ..............................................................  
Fixed carbon  ..................................................................  
Ash  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

*Analyses by Prof. E. J. Babcock, First Biennial Report North Dakota Geological 
Survey. 
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Top Layer. PER CENT. 

Volatile matter  ............................................................... 41.62
Fixed carbon  ............................................................ 53.75
Ash       . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.63 



Center of Layer. 
Volatile matter  ......................................................... 40.61
Fixed carbon  ............................................................. 53.67
Ash  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.72 
Bottom Layer. 
Volatile matter  .......................................................... 42.41
Fixed carbon  ............................................................. 50.47
Ash  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.12 
The Charles Peterson Mine, five miles southeast of Wilton, in 

Township 142, Range 79, Section 9, was opened last fall. An 
entry about 100 feet long located on a hillside shows six feet of 
coal at nearly the same elevation as the Ecklund mine. Drilling 
farther back in the hill is said to have developed nine feet of 
good lignite. A considerable amount of fuel is being taken out 
of this mine for local use. It is worked on a basis of 10 cents a 
ton royalty under a five year contract. 

Reports on a group of mines eight miles southwest of Wilton 
were obtained from a number of parties, though they were not 
personally visited. The O'Connor mine, in Township 142, Range 
79, Section 30, is like the Peterson mine jost described, and is 
operated under a royalty. The Jenks mine in the same neigh-
borhood produces considerable coal yearly, four men being 
employed during the winter months. The O'Brien mine, one 
mile east of the O'Connor, is ordinarily a producer for local trade, 
but is reported as not in operation this year. 

Other openings are reported in Burleigh county both east 
and west of Wilton. At the Casino mine, four miles southwest of 
Wilton, nine feet of lignite are said to occur. 

These openings and natural exposures which probably are to 
be found within the county will furnish material for later inves-
tigation. 

LIGNITE DEPOSITS OF BILLINGS COUNTY 
FRANK A.  WILDER.  

The large area at present recognized as Billings county, 
with Medora as county seat, occupies the southwestern part of 
the state. It is crossed from north to south by the Little Missouri 
river, and is drained by its tributaries, the largest of these, Beaver 
creek, coming in from Montana. Many creeks of considerable size 

PER CENT. 
41.10 51.87 7.03 

42.26 50.97 6.77 
The Ecklund Mine is situated four miles southeast of Wilton, 

lignite occuring under conditions similar to those at the Washburn 



mine, and the probabilities are that the seam is the same. At present 
this mine is not in operation. 

Analyses of samples are here given:* 
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tributary to the Little Missouri exist within the county, though the- 
number indicated on the ordinary map is not great. 

Work in Billings county during the past summer was directed 
from four centers, and the total amount of time devoted to it 
was about three weeks. This was merely enough to emphasize 
.the importance of the county in the study of the lignite problem. 
The bluffs of the Little Missouri were examined above and3 
below Medora. Sentinel Butte was visited and the territory 
about the station of this name hastily gone over. Trips were 
made from the Stone ranch, twenty-four miles north of Sentinel 
Butte, and some idea obtained of the territory between Beaver 
creek and the Little Missouri, and of the nature of the valleys 
of these streams in this latitude. Going south from Sentinel 
Butte station the LeSueur ranch on Horse creek was the center 
of operations for a week. From this point the country for 
which Yule is approximately the geographical center was 
visited in many directions within a radius of ten miles. The 
report can most conveniently be made with reference to these 
four centers. 

Lignite About Medora.—The casual traveler on the Northern 
Pacific Railroad has an opportunity to see something 

of the lignite deposits of Billings county from his 
car window. In the broken " bad lands " country on each side 

of the valley of the Little Missouri 
about Medora, but especially in the bluffs 

that here rise abruptly from the stream on the east bank, 
he can see numerous 

lignite exposures. At the last named 
point four seams show distinctly 

as black bands between the light colored clays. Of these 
seams 

the next to the lowest is. 
shown in plate IX. 

The complete sect ion shown in  the  bluffs one mile north of 
Medora is  given i  n  f i g u r e  4 .  T h e  

Fig. 4. A section showing the lignite seams in the bluffs section shown is 
as. at Medora. follows: 





 
Part of the Twenty-five-Foot Lignite Seam in Sentinel Butte, 
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 FEET INCHES 

17. Clay  ..................................................................  20 
16. Argillaceous sandstone . . . .  . . . . . .  1 
15. Clay     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   20 
14. Lignite with much selenite  ................   8 
13. Clay  ..................................................................  40 
12. Lignite, gocd quality  ..........................  3 
11. Clay  ..................................................................  20 
10. Sandstone  .................................................  5 
9. Clay     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   40 
8. Lignite, good quality  ...........................  6 
7. Clay  ..................................................................  8 
6. Calcareous shale  .................................  1 
5. Clay  ..................................................................  7 
4. Lignite, good quality  ..........................  8 
3. Clay  ..................................................................  10 
2. Lignite  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1. Clay  ..................................................................  27 

Water level.  
The lignite of number four is mined at a number of points 

on each side of the river about Medora. Plate X illustrates 
number eight of this section as it is mined for local use two 
miles above Medora on the right bank of the river. 

One the west side of the river along the draw that is fol-
lowed by the railroad lignite outctops for three miles nearly continu-
ously, three seams in the center of the section shown on the 
river coming close together till they are separated - from each 
other by only six feet of clay. Lignite appears in the bottom 
of this draw three miles east of Sentinel Butte which possibly 
represents the highest of the thick seams found farther east. 
East of the river the situation is practicallly the same, seams 
showing frequently in the "breaks," and only detailed study 
will determine the extent to which they can be correlated with. those 
outcropping on the river. 

Both north and south of Medora lignite is abundant as at 
the points cited, and occurs under similar conditions, though 
the seams are probably not identical for any series of exposures 
separated more than four or five miles. At a number of 
points, as near Eaton's ranch, considerable quantities are mined and 
found satisfactory for fuel. 

Coal in and about Sentinel Butte.—Situated three miles south 
of the station on the Northern Pacific railroad which bears this 
name is one of the most commanding buttes in Billings county. 
From the station to the butte the country gradually rises, the in- 
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crease in the elevation becoming rapid within half a mile of its 
base. The aneroid shows that the top is 450 feet above the railroad, the 
last 200 feet of the ascent being a vigorous climb. A more complete 
description of this butte is given in the chapter on the 
Stratigraphy of the Lignite Area. 

Near the base of the butte one of the largest lignite seams 
known in the state is exposed. Its thickness is twenty-five feet, 
and its continuance for a mile along the base of the butte 
was demonstrated. It probably underlies the entire butte, the base of 
which, at the horizon of the lignite, includes three or four square 
miles. At one point in Township 139, Range 104, Section 5, it 
has been mined to some extent. As here exposed in September, 
1902, twenty feet of lignite were seen, and eight feet at the base 
were said to be concealed by wash that had accumulated since the 
bank was worked in the preceding winter. The upper five feet 
contained some sulphur, but aside from this the lignite seemed 
excellent in quality. The seam was free from concretions and 
clay streaks, presenting an unbroken wall of avai lable fuel .  The 
exposure at  this  bank last  fa l l  was 100 feet long, and the 
seam showed a slight dip toward the west. The lignite is won by 
stripping off ten feet of sandy clay that here overlie it ; but as the 
butte rises rather sharply above it, the amount of stripping required 
will soon render this method unpractical. One-fourth of a mile 
farther west, in a small ravine that cuts into the side of the butte, 
the same seam is exposed, showing a complete section and 
demonstrating that its thickness at that point is twenty-five 
feet. The quality, as at the other exposure, seemed excellent. A 
large amount of lignite can be secured here with very little 
stripping. An analysis of the lignite from this seam taken from the 
point where it is now mined is given below. It represents an 
average of the entire seam, the upper sulphur bearing layer 
included the material being taken from five points at different 
elevations and thoroughly mixed. Fuel from this seam is used in 
the town of Sentinel Butte and neighboring ranches, and is 
highly esteemed. One hundred feet higher in the butte a four-foot 
seam of lignite outcrops at a number of points on the north side 
and at least one point a mile away on the west end of the butte. The 
lignite from this seam as now exposed is soft, but quite 
probably the quality will materially improve as the stripping 
continues and 
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the weathered portion is removed. It has been used to some extent 
locally. 

Both of these seams are shown in position in the sketch giving 
the cross section from Sentinel Butte to Fryburg, plate VI. The 
large seam is shown in plate XI. 

Lower seams of lignite doubtless exist in this locality, though 
little deep drilling has been done to bring them to light. At 
the Gilbert ranch, one-fourth of a mile north of Sentinel Butte 
station, lignite of an unknown thickness, found in digging a well, is 
reported forty feet below the station level and sixty feet beneath the 
surface. The well ended in the lignite, and good water being secured, 
no effort was made to go through it. The Gilbert coal bank, a little 
to the east of Sentinel Butte station on the north side of the track, in 
Township 140, Range 104, Section 21, shows a four- foot seam a little 
below the railroad track. 

Lignite in the Vicinity of the Stone Ranch, Twenty-five 'Wiles 
North of Sentinel Butte.—The surface of the country between 
Sentinel Butte and the Stone ranch is strongly rolling, and at 
times rough. The Camel's Hump, a high butte, is the most 
conspicuous elevation, while the "low buttes," usually capped 
with scoria, are very abundant. 

Fifteen. miles north of Sentinel Butte, on the road to the 
Stone Ranch, in a cut bank by a small creek, the following section 
was seen : FEET INCHES 

11. Clay  ...................................................  6 
10. Lignite  ...............................................  1 
9. Clay  ...................................................  6 
8. Lignite  .........  6
7. Sand  ..................................................  12 
6. Lignite  ......................................  4 6 
5. Clay     .......................................  1 • • 
4. Lignite  ...............................................  1 6 
3. Clay  ...................................................  6 
2. Lignite  ...............................................  6 
1. Clay  ...................................................  6 

 Water level.  
A more thorough search will doubtless reveal many such 

natural exposures in the region, and some of them may be ex-
pected to show thicker lignite seams. Along the creek near 
which this section was taken, lignite outcropped at a number of 
points, and furnished fuel for adjoining ranches ; although no 
analyses from samples taken at this point were made, the quality of 
the coal seemed good. 
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About the Stone ranch the surface is decidedly broken and 
good opportunities were given to study Laramie clays. Many deduc-
tions stated in the chapter on Stratigraphy were based on 
observations made at this point. Sand layers are unusually 
abundant, locally hardened to form a durable sandstone. The 
fossil stumps found at this point have been described and are 
illustrated in plate IV. Lignite was not very abundant in this 
immediate vicinity, though the seams exposed increased toward 
the east and west in the vicinity of the Little Missouri and 
Beaver creek. At the Stone ranch lignite, rather inferior in 
quality, is obtained in a three-foot seam, outcropping near the 
top of the buttes. Although the Laramie clays for a hundred 
feet below this seam are exposed, no lignite appears in them. 

The coulee in which Roosevelt creek flows heads near this 
point and continues east into the Little Missouri. Like many 
of the creeks in Billings county, it is reworking an older wash- 
filled coulee and only here and there is attacking the Laramie 
clays. This point must be kept in mind in the prospecting for 
coal at most points in Billings county. The difference between 
the wash and the Laramie clays in places is so marked that when 
the attention has once been called to it, there is no danger of 
confusion. Figure 5 i l lustrates conditions as they exist on 

 
Fig. 5. Diagram showing a valley filled with wash which is being recut, 

exposing lignite seams. 

Roosevelt creek and at other points in Billings county both 
north and south of the Northern Pacific railroad. This figure 
shows a broad valley between two round topped buttes, composed of 
Laramie clays and lignite, filled with wash from their slopes. The 
creek at present is shown as excavating one side of this valley 
and cutting into a lignite seam below, while above the lignite is 
concealed by the wash. Within a short time the undercutting of 
the seam at this point would probably bring down 

L I G N I T E  D E P O S I T S  O F  B I L L I N G S  C O U N T Y  6 9  



the material above and reveal both seams. In many instances 
the apparent rapid thinning of a seam can be accounted for in 
this way. On Roosevelt creek, a seam two feet and a half thick 
is repeatedly exposed and concealed in this manner. Plate XII 
illustrates the reworking of an old wash filled hollow, giving an 
example of the phenomena generalized in figure 5. 

Thick seams of lignite are reported in the banks of the Little 
Missouri just east of the Stone ranch, and about Mikkelson and 
to the west of Beaver creek. Part of the work of the Survey, as 
outlined for next summer, will consist of the verification of these 
reports, and a study of the river terraces at these and other 
points with referenCe to irrigation. 

Lignite About Yule.—An area including nine townships will 
be briefly considered under this title. Its topography is diversi-
fied, including the Little Missouri valley and its terraces, the 
"breaks" in the vicinity of the river, and the rolling country on 
either side of the -river, most of which is too open to furnish 
protection for stock in winter, but provides an unequalled summer 
range. On account of the conditions summer ranches are 
established in the comparatively open country where half a 
township is as level as a prairie, while in winter the ranch is 
moved to the "breaks," which furnish protection against the 
driving storms. Prospecting for coal is carried on more readily 
of course in the breaks, but on the prairie-like stretches seams 
often lie so near the surface that the prairie dogs bring frag-
ments to the surface, so that in two instances seams were located 
in this way ; and very light stream cutting was sufficient to 
show workable seams. Ranch men away from the Little Mis-
souPi seldom find it necessary to go far for fuel. Many of them 
consider it easier to go to the river in winter, however, and driving 
on the ice to break up the great lignite blocks which the stream 
has washed out. More than half of the area had not been surveyed in 
September, 1902, and it is impossible to cite locations definitely in 
many cases. 

In Range 105, and Townships from 133 to 138, which includes 
an area near the state line from twenty to forty miles south of 
the Northern Pacific railroad, a number of coulees head, in which 
creeks flow eastward, uniting with the Little Missouri river. In 
going from north to south, Williams, Garner, Bull Run, Horse, 
Coal Canyon, Cannon Ball, Boise and Bacon creeks are crossed in 
about the order named. All of them show lignite more or less 
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continuously from the time that they first cut through the 
sod till they empty into the Little Missouri, their courses 
varying in length from ten to twenty miles. None of these 
creeks, except Cannon Ball, is shown on the map. 

Lignite on Williams Creek.—The lower portion of 
Williams creek was not visited, though lignite is reported 
as showing abundantly along this portion of its course. 
Beginning six miles from its mouth, the stream was 
followed west for two miles and a number of good 
exposures were examined. At this point 
its bed is approximately 200 feet above the water of the 
Little Missouri. The section shown in the cut banks was as 
follows : FEET INCHES 

5. Lignite, fair  ......................................  2 
4. Clay     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   20 
3. Lignite, good .......................................  4 
2. Clay  ..............................................................  4 
1. Lignite, thickness not known, one foot 

exposed. 
 

 Water level.  
The lignite seams dip toward the east, rising toward the 

west somewhat faster than the creek, or some thirty or forty 
feet per mile. These seams were traced by a series of nearly 
continuous outcrops for almost a mile along Williams creek, 
and for a considerable distance along one of its tributaries, 
their thickness and quality remaining constant. 

Lignite on Garner Creek.—Some lignite is exposed on 
this creek, though not as much as along those adjacent. 
Good springs are common in its upper course, and a little 
digging will probably reveal the lignite seams from which 
they come. On a branch of Garner creek, which unites with 
the main stream eight miles west of the Little Missouri, a 
four-foot seam is said to outcrop. 

Lignite on Horse Creek.—Along Horse creek for more 
than six miles lignite seams varying in thickness from three 
to six feet are exposed at various elevations. 

Near the Stewart ranch six feet of coal, four of it 
excellent in quality, are mined in a draw thirty feet below 
the top of the divide which here separates the waters of the 
Little Missouri from those of Beaver creek. 

Lignite on Coal Canyon.—An abundance of lignite is 
exposed along the deep ravine that bears this name. The 
seams were examined and measured at a number of points 
from one to three miles west of the river. The section there 



given was : 

LIGNITE DEPOSITS OF BILLINGS COUNTY 
FEET 

6. Lignite, fair  ....................................................... 5 
5. Clay   .................................................................. 1 
4. Lignite, good   ............................................... 7 
3. Clay   .................................................................. 1 
2. Lignite, good   ................................................. 1 
1. Clay   ................................................................ 10 

Creek bottom. 

71 

INCHES 

3 

The lignite'at this point is shown in plate XIII. 
An analysis of dried material taken from a number of points in 

the seven-foot seam shows : 
Volatile matter  .............................................................. 38.57
Fixed carbon  ............................................................... 52.47
Ash  ................................................................................................. 8.96  

100.00 
The lignite in Coal Canyon at this point is approximately on a 

level with the upper thick seam which will be described as out-
cropping in the bluffs of the Little Missouri, a mile and a half to 
the east. 

Lignite on Cannon Ball Creek.—This creek empties into the 
Little Missouri about twenty-five miles south of Medora, and is a 
stream of some importance, its valley a mile from the mouth being 
nearly a mile wide. 

Six feet of good lignite outcrop at this point in its course, 
two feet above low water level, and the stratum was, traced con-
tinuously for 100 feet; til l  it was concealed by alluvium. 
Along the Little Missouri and in all the ravines in this vicinity, 
four and five seams of lignite are exposed, usually at an elevation 
much higher than that of the seam just noted. Well up in the 
buttes is a five-foot seam, plainly burned out over a large area, 
remnants only remaining here and there. While all about are 
masses of burned clay, there is none over the areas where the lignite 
is intact. 

Lignite on Boise Creek.—The outcrops seen here were of thin 
seams only, though the lower part. of the valley where they are 
usually more abundant was not visited. Some miles above the 
mouth two and three seams, each two or three feet thick, were oc-
casionally exposed. 

Lignite on Bacon Creek.—At the J. C. Gamel ranch in Town-
ship 133, Range 104, Section 20, a very Chick seam outcrops and 
is mined by stripping for use in the neighborhood. The eleva-



tion of this lignite is' considerable, only seventy-five feet less 
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than the average level of the surrounding country. The thickness 
of the seam, as determined by measurements made at this point, is 
twenty-four feet. As now exposed It does not appear to be of the 
best quality, though surface weathering may be offered in part or 
wholly in explanation of its apparent inferiority. An analysis of dried 
samples taken from the surface shows : 

Volatile matter     ............................................................... 37.59 
Fixed carbon  ................................................................. 55.90
Ash  ................................................................................................. 6.51  

This seam is illustrated in plate XIV. Other seams are said to 
be exposed in the banks between this point and the Little Missouri 
river. 

Lignite on Sand Creek.—Reports of a lignite seam forty or 
more feet thick, which was said to occur thirty miles southwest of 
Dickinson and about an equal distance from Medora, directed 
attention to the country east of the Little Missouri. Directions for 
finding the "big seam" were somewhat vague, but that it was 
'located on Sand creek at length became certain. When found, it 
proved to be near A. E. Russel's ranch, and in Township 135, Range 
101, Section 31, on land that the surveying party, which had just 
passed through, had determined to belong to the Northern Pacific 
railroad. Lignite outcrops continuously for a quarter of a mile 
along the creek. At the north end of the exposure the 
section given was : FEET INCHES 

6. Sandstone  .............................................  2
5. Clay  ...............................................................  10
4. Lignite  ..............................................  2
3. Clay  ...............................................................  2
2. Lignite  ..............................................  15
1. Clay  ...............................................................  3

 Water level  
At the south end the lignite reached the remarkable thickness 

shown below : FEET INCHES 

Clay  ............................................................................  5 
Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3  
Clay  .........................................................................  2  
Lignite  ......................................................  40 

Water level 
How far this thickness is maintained could not be determined, 

for, while the outcrop was traced south of the point at Which the last 
section was taken, conditions for measuring the total thickness 
were not favorable. The rapid thinning of the seam to 
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A Gulch in the Bad I4ands Which Is Being Cut Rapidly in the Wash That 
Has Filled an Older Gulch. 

Photo by Rev. H. V. Rominger. 
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the north furnishes a most effective illustration of the nature of 
many of the lignite beds. 

The lignite throughout the seam appeared to be of good 
quality, with the exception of the upper two feet, which were 
rather soft. An analysis of dried material taken from four points at 
different elevations in the south end of the exposure gave the 
following results : 
Ash  .......................................................................................... 37.59 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.90 
Fixed carbon  .................................................... 6.51 

 100.00 



In one small area the seam is wholly burned out. On account of its 
position, great quantities of lignite can be obtained with very little 
stripping. 

Lignite on the Little Missouri Near Ike 7 7 7 
Ranch.—Some very fine lignite seams outcrop at 

this point, which is some miles south of Yule. 
Rising directly from the water's edge at one 
point, the banks of Laramie clay and coal 
reach a height of 110 feet, which is the level 

of the second terrace, shown in figure 13. 
In the hills back of this terrace the surfaces 
are concealed and a section in height equal 
to that at Medora could not be obtained. 
Lignite seams probably exist above those 

noted. The section shown was as follows: 
 
   FEET INCHES

8. Clay  ..................... 20 
7 Lignite  . . . . . . . . . . .  3 
6. Clay  ..................... 10 
5. Lignite, soft  .... 3 
4. Clay . 18 
3. Lignite, good 5 
2: Clay  ................  30 
1. Lignite, good, more

than  ................ 12 
 Water level.  
Fig. 6. Section thirty miles south of Medora at the 7 7 7 ranch, showing lignite seams. 

This section is illustrated in figure 6. The lowest seam extended 
below water level, and its thickness could not be determined. It is 
shown in 
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plate XV, where it extends from the water to the end of the- 
hammer above the climber without a break. The other seams in the 
section are barely shown in the distant bluffs. The lignite from the 
lower seam is highly esteemed by the neighboring ranches, and 
appears to be unusually firm. An analysis of dried material taken 
from a somewhat weathered surface gave the following result : 

Volatile matter  ........................................................................... 34.55
Fixed carbon  ..................................................................... 43.47
Ash     .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.98

 100.00
Lignite at Yule.—Two and three seams are exposed in the 

bank of the Little Missouri both north and south of Yule, one of 
them of good quality. The lower seam found farther up the river 
and described in the preceding paragraph was not seen, but con 
ditions were not favorable for an outcrop close to the water. 

Lignite in Black Butte.—This imposing butte, probably equal 
in elevation to Sentinel butte, is situated not far from Township 
134, Range 101, about forty miles south of Medora. Like Sentinel 
butte it is capped with a heavy sandstone stratum. Two lignite 
seams are reported as outcropping in its sides, one of them, said 
to be six feet thick, being mined to some extent. 

At the Gamble ranch, three miles west of the butte, a fine spring 
was seen flowing from a lignite seam, the thickness of which was 
not known. The quality of the coal appeared good, and it was but a 
short distance beneath the surface. 

LIGNITE OF McLEAN COUNTY 
F .  A .  W I L D E R  A N D  L .  H .  W O O D  

For convenience in description, the lignite of McLean county 
will be reported in connection with six centers : Coal Harbor, 
Fort Stevenson, Coal lake, Washburn, Dogden Butte and Har-
vey. All of these centers were visited during the past summer, 
the last two by Mr. L. H. Wood, who has described them for this 
report. Lignite is by no means restricted to these centers, but de-
velopment work has been carried on about them to some extent, 
and data could be obtained without too great an outlay of time. 
The county will well repay more exhaustive study. 

Lignite About Coal Harbor.—Coal Harbor is situated in the 
western part of the county, near the Missouri river. The lignite 
deposits in its vicinity have long been known, and early attempts 
were ,made to exploit them. Naturally the first exposures recognized 



were those along the Missouri river. In the bluffs near Coal Har- 
bor, the following section occurs : 

FEET INCHES 

Clay  .......................................................................  70
Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6
Clay  ........................................................................  80
Lignite  ..................................................................  4
Clay  .......................................................................  1
Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

The lowest seam is 220 feet below prairie level, and thirty feet 
above the water of the river. 

Lignite outcrops also along two creeks in this vicinity. In 
Township 147, Range 84, Section 24, in a coulee forty-five feet 
below the upland level, a lignite seam was visited, said to be 
eleven feet thick, though but seven feet could be seen at the 
time, the lower portion of the seam being covered with recent 
wash. As now exposed the l ignite is covered directly by 
glacial drift, though Laramie clays will doubtless appear above 
it as the stripping is carried farther back into the bank. A 
twelve-inch clay seam occurs in the middle of the lignite. A 
small spring flows from its base. This seam is illustrated in plate 
XVI. 

As reported by Mr. Geo. R. Robinson, of Coal Harbor, eight 
and one-half feet of lignite at a depth of 108 feet were passed 
through in digging a well on Township 146, Range 83, Section. 6 
; while on the same section, and starting from practically the same 
upland level, a well reaching a depth of 126 feet encountered no 
lignite. While the lignite beds often diminish in thickness rapidly, it 
does not seem probable that a seam of this size would' thin out so 
quickly. In the report given of the occurrence the glacial drift and 
Laramie clays were not distinguished ; and the phenomenon may be 
explained by preglacial erosion. In Township. 147, Range 83, Section 
30, seven feet of lignite are reported as, occurring in a well sixty-
eight feet below the surface. 

Lignite About Fort Stevenson.—For many years lignite was 
mined on the old Fort Stevenson reservation for use at the fort 
and the Indian school formerly located thete. The exact loca-
tion of the mine was in Township 148, Range 85, Section 35,. 
southwest one-half. A seam said to be fourteen feet thick was 
mined by stripping. When seen last summer, the lower part of 
the excavation had filled in and only the upper two feet of lignite 
were visible. This mine is situated back of the broad, low terrace. 
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of the Missouri river, and about thirty feet above it. Higher up in 
the bliiffs other lignite seams occasionally outcrop, the best 
exposures seen occurring half a mile east of the Fort Stevenson 
mine. The section here given was : FEET INCHES

5. Lignite  ................................................  1 
4. Clay  ...................................................  1 
3. Lignite _ ..............................................  1 
2. Clay  ...................................................  1 
1. Lignite  ................................................  6  

The seam worked at the Fort Stevenson mine may be found -

twentx or thirty feet below the lowest number of. this series. 
Springs of considerable size issue from the lignite at the Fort 

:Stevenson mine. Conditions for drainage, however, are good, the 
seam lying considerably above the river flat. 

Lignite About Coal Lake.—There are large quantities of 
l ignite exposed along Coal lake, formerly known as Buffalo 
lake, and the creek that drains it. Exposures are common in 
Townships 145 and 146, Ranges 80 and 81. Turtle creek was 
followed north from Washburn, and along its banks a number of 
exposures were seen. The seams generally reached a thickness of 
five feet. Throughout the valley the lignite is accompanied by 
springs, some of them of considerable size. In Township 145, Range 
80, Section 29, a seam more than six feet thick Was seen, the lower 
four feet apparently of good quality, while the top was soft. 
Considerable lignite is obtained from this point by s t r i pp i n g ,  
t h e  o u t pu t  l a s t  y e a r  b e i n g  a b o u t  1 , 0 0 0  t o n s .  The outcrop is 
about seventy-five feet below the upland level. In Township 146, 
Range 81, Section 13, on the east side of Coal lake, a new bank has 
been opened, showing three or four feet of coal. One-half mile 
further down the coulee on which this seam occurs is the "Little 
Coal Lake" mine. Though no coal could be seen where the bank 
was visited, a large amount of work had evidently been done during 
the preceding winter. The amount of stripping now necessary is 
twenty-five feet, and further development can best be carried on by 
drifting. 

The amount of lignite exposed at the Coal Lake mine, in Township 
146, Range 82, Sections 22 and 23, when visited in September, 1902, 
was nine feet. The lower portion of the seam was plainly concealed 
by wash from the slope, and the reported thickness .of fifteen 
feet doubtless exists. The upper two feet are very 
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A Ten-Foot Lignite Seam on Coal Canyon. The Photograph Shows Nicely 
the Topography of the Country a 

Few Miles Back From the Little Missouri, Thirty Miles South of Medora. 
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soft, but the lower coal seems good. The seam is probably the same 
as that shown in the "Little Coal Lake" bank. It is exposed along -  

Buffalo creek for half a mile. 
The Satterlund Mine Near Washburn.—This mine, situated 

six miles northwest of Washburn, has for a number of years . 
supplied a considerable portion of the fuel used in that town. 
The lignite obtained from it is esteemed very highly on account 
of its excellent quality. It is situated on a coulee which leads to 
the Missouri river, the lignite occurring well down on the slope.. 
Directly over the coal is twenty feet of sand, locally hardened- 
to sandstone. The seam is ten feet thick, the lower eight feet 
excellent in quality, while the upper portion is soft and left for 
roof. The coal is obtained by drifting into the side of the coulee, 
t h e  e n t r y  a t  p r e s e n t  e x t e n d i n g  b a c k  2 0 0  f e e t .  W h i l e  
there is some water in the mine, the amount is not sufficient to 
lessen the value of the property from a mining standpoint. Analysis. 
of this lignite shows : PER CENT 
 V o l a t i l e  m a t t e r      3 7 . 5 0  

Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   55.89 
Ash  .............................................................................................................  6 .61 

100.00 
Moisture  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 .91  
During the present winter the mine is being operated in a 

small way on a royalty. 
Lignite in the Vicinity of Harvey.—Harvey is situated a few 

miles east of the divide which separates the tributaries of the 
Mouse from the Sheyenne and the James that flow to the south-
east. In this position the town lies to the east of the known 
workable seams. Harvey and the other prosperous towns along 
the Soo in Wells county are just near enough to valuable lignite 
seams on the north and west to realize the value of such seams 
to the community that is fortunate enough to possess them. 
With a view to finding lignite near Harvey, if any exists, con-
siderable prospecting has been done, and a responsible party 
who had a contract for part of the work reports that prospect 
holes were sunk both above and below Harvey on the Sheyenne. 
river as far as the Pony Gulch mine. The result of this enter-
prise showed that a seam only a few inches in thickness under-
l ies the banks of the r iver at a depth of forty feet .  Careful 
search has been made for signs of lignite in other parts of the 
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county. Mr. Sykes, who has lived at Sykeston for twenty years, 
reports that he has not discovered lignite in any of the wells 
dug between Sykeston and Boden ; and, furthermore, that the 
supply of lignite for the village had for years previous to the 
opening of the Washburn mines, been hauled from the Pony Gulch 
mine, some thirty miles away 

Inasumch as Wells county contains the sources of three 
streams—the Sheyenne, the James and the Pipestem—all of 
which rise at about the 1,600 level and flow eastward through a 
region where the drift is often thin, opportunities for lignite 
exposures are good if it exists in this vicinity. No outcrops, 
however, have yet been reported. At present, so far as the 
lignite is furnished by local mines, the county can be said to 
depend for its supply upon the Pony Gulch mine, situated in 
Township 148, Range 74, just over the McLean county line. Be-
tween Harvey and Pony gulch a rolling and slightly hilly topog-
raphy, broken by numerous sloughs, plainly indicates that if 
any coal exists in Wells county west of Harvey it has been deeply 
buried in from forty to 100 feet of drift .  An examination 
of the area in which the Pony Gulch mine is situated leads to 
the conviction that, while the seam outcrops further west in the 
direction of Dogden Butte, remnants of the seam may yet remain 
in Wells county. These remnants would probably be struck in 
wells between Harvey and Pony gulch, should any of them 
penetrate the thick surface layer of sand and gravel which overlies 
them. Few of the wells, however, are deeper than twenty- five 
feet, as good water is found on almost every farm at about that depth. 

Pony Gulch mine lies about three miles north of the junction 
of two loops of the moraine. Hills of considerable size rise 
above the gulch on the south, while to the north are the low 
sand and gravel ridges above mentioned. The position of the 
hills gives the gulch an east-west direction, in which it extends 
for several miles as a low hollow bordered immediately on the 
south by a bench-like rise of land between thirty and forty feet 
in height. Bordering this bench in the hollow at the north lies a 
lake a quarter of a mile wide and a mile long with shores of 
clean sand. The drainage from the east seems to be toward this 
lake. The lignite outcrops in the lakeward slope of the bench. A 
closer inspection of the mine shows that the fifteen or twenty 
feet of clay, gravel and sand that overlie the lignite on the bench 
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have been stripped away from more than an acre of ground, thus 



allowing access to the seam from the top. The lignite lies exposed to 
view in many places, but the following section probably furnishes the 
best idea of its position : 

FEET INCHES  

6. Soil ......................................................................  2
5. Gravel and sand  ...................................  2 
4. Boulder clay  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
3. Clay shading into sand ..........................  5
2. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3 6 
1. Clay  ...................................................................  Unknown depth 

The pit is easily drained into the lake at the north, and the 
only equipment necessary for working the mine is a plow and a, 
scraper. Wagons are backed down into the pit and filled by the 
purchasers themselves from the pile of lignite broken out by the 
miners. This opening is said to have been worked for lignite for 
many years. A low estimate would place the coal removed from 
the mine at several thousand tons. 

Other outcrops of lignite are reported from the gulch farther 
west, but of much smaller seams, sixteen inches being the largest. 

The Dogden Butte Lignite Area.—This series of outcrops 
lies in the edge of the hills thirty-two miles west-northwest of 
the Pony Gulch mine. The outcrops of the Dogden Butte mines 
have been exposed by the post-glacial erosion of small coulee 
making streams flowing from the hills above the butte, while 
the lignite bench of Pony gulch was left by the ice practically 
without drift covering. Both series of outcrops face sloughs on 
the northeast, and in both the lignite seam extends back under 
the hills. They belong to the same horizon and have an elevation 
of about 1,600 feet. If these seams are assumed to be continuous, 
lying practically horizontal as they do, the trend of the seam to the 
west would bring it to a point 140 feet below the Missouri river 
at Coal Harbor. Again, following the seam to the northwest, it 
would fall in the horizon of the Hanchett, Turtle Gulch and 
Burlington mines. These outcrops furnish an illustration of the 
thickening of the lignite. The Pony Gulch seam averages three 
and a half feet ; the outcrop one mile to the northwest reachs a 
maximum of eighteen inches. The Rose Hill vein has a thickness 
of eight feet, and the openings file miles to the northwest reach a 
thickness of but four feet. In the same horizon fourteen miles 
northwest of the Dogden Butte the seam reaches the great 
thickness of sixteen feet. Between these points the seam 
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probably thins out to but a trace in some places. On the other 
hand, there are undoubtedly many places where the drifts and slips of 
native clay conceal a thickness of lignite which would well repay 
prospecting in a more thorough manner. 

Dogden Butte, which furnishes a name for this small mining 
center, is a large hill of Laramie clay, surmounted by a great 
mass of glacial material. The entire butte stands out strongly 
in relief from the other hills in the background, rising some 300 , 
feet above the flat, benchlike area bordering its base. Streams 
have deeply grooved its sides, forming coulees that direct the- 
waters of the melting snows of spring in a dozen different direc-
tions towards the sloughs on the north and east. These coulees 
support a dense growth of cottonwoods, wild cherry, plum trees, 
and a large number of burr oaks, the oaks having a diameter -  

often of fifteen inches. The unusual growth of timber in the 
larger coulees can be accounted for by the fact that they lie open to 
the northeast, a condition that protects the vegetation from the 
direct rays of the sun in summer and from the northwest wind of 
winter. 

The streams . that have formed the deep V-shaped channels 
at the base of the butte, not only carried away the drift covering, 
but also cut down into the Laramie clays in ,  such a manner as to 
expose the lignite in many places. It is these wide open outcrops, 
and the ease with which the coal can be removed that.  have invited 
miners to this area, though it is sixteen miles from the nearest 
town. The mines extend over a distance of five miles, 
beginning with the Rose Hill mine at the south and ending with 
the Jones or Bentley mine at the north side of the butte. 

The Rose Hill Mine.—The lignite of the Rose Hill mine out-
crops on each side of a small coulee that heads back into the hill 
facing Dogden Butte on the south. A small stream of fairly 
good water issues from the coal. The seam  lies thirty feet 
below the edge of the hill and twelve feet above the creek 
bottom, and has a thickness of five feet, appearing to thicken 
under the hill. The lignite is crushed and greatly distorted at -  

the outcrop in the coulee, a condition due to slipping along the 
coulee slope. The seam is overlain with boulder clay, and a very 
sharp line of demarcation separates the lignite and the clay. 
The contour of the drift slopes bordering this coal outcrop on 
the north suggested the theory that the natural clay covering- 
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A Twenty-root Lignite Seam Outcropping in Township 133, Range 104, 
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the lignite was largely carried away by erosion previous to the 
advance of the ice, which• in turn pushed off the remaining 
Laramie clay, substituting glacial til l in its place. Possibly 
some of the coal was cut away from the surface of the seam at 
the same time. A shaft sunk a few rods further up the hill 
penetrates forty feet of drift and then discovers the seam of lignite 
which appears in the coulee, it having at•this point a thickness of 
eight feet. 

Mr Witz, the manager of the mine, will run his threshing 
engine to operate the mine during the winter and spring, using 
the shaft rather . than the outcrops in the coulee, where the. coal 
is more or less weathered. The following.is an analysis of the dried 
lignites from this opening: 

PER CENT 

Volatile matter  .................................................................. 3 818.
Fixed carbon  ..................................................................... 538.01
Ash  ...........................................................................................................  

The other mines of this area are situated on the north side of 
Dogden Butte. Mr. F. B. Mosteller has filed a coal claim in 
Township 150, Range 79, Section 2. The seam measures four 
feet at this opening. At the opening owned by Mr. Parks, two 
miles northwest of the Mosteller mine, the seam also has a thickness 
of four feet. 

The _Tames and Bently Mine.—When the James mine was 
visited, its operator, Mr. Bently, was actively engaged in stripping 
the overlying fifteen feet of boulder clay from a large area of the 
lignite. This mine shows the following section : 

FEET INCHES 
5. Boulder clay ....................................  15
4. Lignite  .............................................  2 
3 Ray seam  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   4

2. Lignite  ..............................................  2 ..
1. Clay  ................................................................  Unknown depth  

This mine is located just over the line of McHenry county, 
in Township 151, Range 79, Section 32. The seam outcrops for 
several rods along the coulee, and though it is but two or three 
feet above the creek level, it is well drained at the present time, 
as only a small quantity of water issues from the coal. The 
mine has been worked for four years and about 2,000 tons of 
lignite removed. Not the least of the conveniences which the 
enterprising manager, Mr. Bently,  has arranged is that of 
selecting a trail that follows low ground almost on a direct line 
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to Balfour, thus shortening the haul and furnishing a level road 
for customers. The analysis of the dried lignite from this mine 
is as follows : 

PER CENT 
Volati le matter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.72 
Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53.77 
Ash    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.51 

 100.00 
One other outcrop of coal was reported from this section, 

lying eight miles to the east, near water level in a coulee that 
drains to the sloughs north of the butte. Such an outcrop is not 
improbable, and is even to be expected from the level cif the area 
intervening between the Dogden Butte mines and Balfour. This 
area includes a stretch of hilly ground, which, though drift 
covered, probably contains the lignite bearing Laramie series, 
lying at an elevation considerably above that assigned for the 
mines at Dogden Butte. The record of several wells of moderate 
depth in this area shows no lignite, but these wells all stop short at 
the water bearing gravel, thus failing to penetrate the deeper clays 
that might contain the lignite. 

LIGNITE DEPOSITS OF MERCER COUNTY 
Field work in Mercer county this summer was necessarily 

restricted to a small area, but statements obtained from reliable 
sources add materially to the data personally collected. The 
county will be studied carefully next summer, when it is pro-
posed to follow the Knife river through the county from south-
west to northeast, and to examine carefully the bluffs of the 
Missouri river which form its northern and part of its eastern 
boundary. 

Lignite is distributed abundantly through Mercer county, and 
one of the first attempts to develop it on a large scale was made 
at Mannhaven, on the Missouri river. A number of years ago 
the Plenty mine, in Township 145, Range 84, Sections 5 and 9, 
near Mannhaven, was opened by eastern enterprise, and prepara-
tions were made to install an elaborate equipment. Flatboats 
were made to carry the lignite to points in' South Dakota, and 
even farther down the river, but their construction being faulty 
they sank on their first trip, and the enterprise was abandoned. 
The coal seam at this mine is reported as thirteen feet thick with 
six inches of clay in the center. It is situated sixty feet above 
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the waters of the Missouri. The Mannhaven Mercantile Com-
pany owns a mine near Mannhaven, in Township 146, Range 84, 
Section 7. The seam here mined, which is visible along the 
river for a mile and a half, is five feet above summer water level 
at its southern end, while it touches the water farther north. 
Its thickness is seven feet and the quality of the coal is reported 
as good. The mine is directly on the river and is worked during 
each winter, the amount of lignite taken out annually amounting 
to about 1,000 tons. Above the lignite lies a sandy clay. 

In Township 145, Range 87, Section 31, lignite in workable 
seams is said to outcrop frequently, good springs occurring with 
it in great abundance. In Township 145 Range 86, Section 32, 
eight feet of lignite outcrop on a coulee. A coal bank• is opened 
up here, the lignite being obtained by removing from eight to 
nine feet of clay. From Township 145, Range 85, Section 33, 
three feet of lignite of a rather inferior quality are reported. Mr. 
W. H: Mann, the founder of Mannhaven, is authority for the 
occurrence of a twelve-foot seam in Township 144, Range 87, Sec-
tion 29, near the banks of the Knife river, and for another of the 
same size which outcrops in Township 144, Range 85, one mile 
south of the town of Deapolis. 

LIGNITE DEPOSITS OF OLIVER COUNTY 
Opportunities for natural exposures of the abundant lignite 

seams of this county are given by the Missouri river on the eastern 
boundary, and by Square Butte creek, a tributary of the Mis souri, 
and branches of the. Knife river. Most of the information at 
present available in regard to this county was furnished by Mr. W. 
H. Mann, of New Salem, whose standing in the community and 
long acquaintance with the county make his statements of great 
value. The following seams are reported by him : 

LOCATION 

Township 141, Range 83, Section 28. Township 142, Range 86, Section 9. 
Township 143, Range 87, Section 3. Township 142, Range 85, Section 9. 

The county will be included in the field work of the Stab:. 
Geological Survey next summer, and work in this area promises 
to be very fruitful. 

AMOUNT OF LIGNITE 
Abundant 

6 feet 
6 feet 
7 feet 

QUALITY 

Good Good 
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PRELIMINARY REPORT ON WARD COUNTY AND 
ADJACENT TERRITORY WITH SPECIAL 

REFERENCE TO THE LIGNITE 
B Y  L .  H .  W O O D  

POSITION OF WARD COUNTY WITH RESPECT TO THE LIGNITE 
AREA OF THE STATE 

Ward county lies almost entirely within the lignite area of 
western North Dakota. Its eastern boundary line is a part of 
the line generally designated as the eastern limit of the lignite, 
while a survey of its other bounding lines would take one almost 
continuously across lignite seams outcropping very near the sur-
face. Exceptions to this last statement are found in those places 
where the coteau crosses the borders of the county. Outcrops are 
not known between the Makee Brothers' mine, ten miles west 
of Portal, and the northeast corner of the county, though lignite 
may exist beneath the surface. A glance at the accompanying map 
of the county will show that extensive outcrops of lignite occur 
in the western and southeastern parts along the Des Lacs valley and 
in the northwestern corner. 

The lignite field of North Dakota occupies the western half 
of the state and is divided by the Missouri river into two nearly 
equal parts, and of the northern, Ward county forms about half. 
The lignite area of Canada is continuous with that of North 
Dakota, the Roche Peree mines being but six miles north of the 
Makee Brother 's  mine,  located but a few rods from the  
international boundary. Several outcrops occur between these 
two mines, showing that the seams are in the same horizon. 
Other areas closely associated with Ward county in respect to 
topography and deposits of lignite will be briefly referred to in this 
report. 

A R E A  O F  W A RD  C O U N T Y  

This is one of the largest counties of North Dakota. Were 
it situated next to Connecticut or New Jersey, it would be plain 
that it outranks the former and compares favorably with the 
latter in area. Exclusive of the Indian reservation, the county con-
tains about 5,500 square miles, or a little less than one-twelfth of 
the area of the state. 
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S O M E  I N T E R E S T I N G  G E O L OG I C A L  F E A T U R E S  O F  T H E  C OU N T Y  

Maps of the county suggest but few of its interesting geo-
logical features. There are, first of all, over 240 miles of river 
va l l ey  f rom a  ha l f  mi l e  to  two mi l e s  in  w id th ,  w i th  hun-
dreds of coulees of all sizes tributary to them. A part of the 
morainic system of the state, associated with the Coteau of the 
Missouri, from twelve to twenty miles wide, stretches across the 
county from northwest to southeast. As the county has very little 
timber land, the various types of erosion lie broadly open to 
view, furnishing a ready illustration of many important physio-
graphic principles. 

A G R I C U L T U R A L  P O S S I B I L I T I E S  O F  T H E  C O U N T Y  

From a topographic point of view, something over one-half 
of the county is adapted to farming, while the rest is excellent 
ranch land, where thousands of cattle and horses not only thrive 
in summer, but also secure a good living during the entire win 
ter.. As to farming facilities, one need but observe the large 
number of grain elevators along the Soo road to become aware 
that the production of grain is not to be compared with the size 
of the houses of the recent settlers. At the present time almost 
every quarter section of land east of the cotean is held for farming 
purposes. 

H I G H W A Y S  I N  W A R D  C O U N T Y  

With respect to railroads the county is very favorably situ-
ated. The Great Northern, with stations, on the average, every 
six miles, carries much of the stock to market. The Soo road 
runs 120 miles in the county, furnishing an outlet for quantities 
of grain and lignite. The present rapid development will soon 
make it profitable for an extension of the railroad system of the 
county. Wagon roads are numerous and extend to every part of 
the county where settlements make them necessary. The gen-
erally level surface of the prairie Tenders the construction of 
roads a very simple matter. When the ruts in the old trails become 
too deep, a new trail parallel with the old replaces it. Well traveled 
roads follow the river valleys and the railroads, and trails join • 
ing these lead to all parts of the county, except the remote and 
unsettled corners. Fair trails cross the hills at several points, while 
places in the southwestern corner of the county are situated on the 
very excellent government road. 
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E L E V A T ION  OF  T H E  C OU NTY  

The lowest point in the county is on the Mouse river in the 
southeastern corner below Sawyer, where the elevation above sea 
level is about 1,540 feet. Other elevations along the eastern part of the 
county are as follows : 

Minot  ..........................................................................................  1,557 feet  
B u r l i n g t o n      1 , 5 9 0  
Foxholm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1 , 675 
Carpio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1 , 696  

Donnybrook  ................................................................  1 , 760  
Kenmare  ......................................................................................  1 , 799 
Bowbells  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 958  

Flaxton  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1 , 956  
Portal  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1 , 954 

The highest point in the northeastern part of the county is not 
absolutely known, but lies somewhere between Portal and Des 
Lacs lake, and is not far from 2,000 feet. The elevation of the 
Mouse river, at the point where it crosses the international 
boundary flowing south, is 1,650 feet. Adding 200 feet, the 
height of the Mouse river banks, to this 1,650 feet, gives 1,850 
feet or about the level of the country east of the Mouse river. 
There may be a slight rise for five or six miles to the east, but 
beyond this point the drainage changes, and the creeks flow toward 
the old Lake Souris basin, which includes most of the area drained by 
the east arm of the Mouse. Between the Soo line and "the hills" 
in the northwestern part of the county, there is a fall in elevation 
toward the slough running parallel with "the hil ls ;" but in 
general there is a gradual rise from the eastern 
boundary of the county to the center of the hill belt. The follow-
ing are the elevations of places on the Great Northern road : 

 Surrey  .........................................................................................  1,635 feet 
Minot  ...........................................................................................  1,557 " 
Des Lacs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1,902 " 
Berthold  ....................................................................  2,087 " 
Tagus  ...........................................................................................  2,187 " 
Delta  ...........................................................................  2,263 " 
Palermo  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,200 " 
Stanley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   2,253 " 
White Earth  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   2,092 " 

It should be noticed that Minot is situated in the Mouse river 
valley 300 feet below the prairie level on the west. Delta is the 
highest point in the hills west of Minot on the railroad, and 
about 700 feet above the Mouse river at Minot. But this elevation 
at Delta is the track elevation, and not the elevation of the highest' 



point in the hills, which must be at least 200 feet higher. The height 
of Big Butte southwest of Flaxton cannot be far from 2,400 
feet. The elevation of the Coteau du Missouri west of the hills is 
about 2,200 feet, or 460 feet above the level of the Missouri at the 
mouth of Little Knife river. The elevation Of the county, then, 
is in general greatest at the western side with a gradual fall 
toward the east. A diagonal from the northwestern corner to the 
southeastern divides the county into two parts, the table land or 
Coteau du Missouri on the west, and the plain of the Souris river 
in the east. The eastern slope in the county is a part of the 
general slope from the Coteau du Missouri toward the eastern 
boundary of the state at the Red river. 

R E L IE F  O F  THE  C O U N T Y 

The absolute range in relief of the county, including the 
deep valley of the Mouse river, is about 900 feet. A line drawn 
from Surrey, on the Great Northern, in the eastern part of the 
county, to the prairie level at Stanley, situated on the Coteau du 
Missouri, rises from 1,635 to 2,253 feet, or 618 feet. In the first 
twenty-four miles, between Surrey and Des Lacs, the rise is 267 
feet, or about eleven feet per mile. From Des Lacs to Delta, a 
distance of about twenty-four miles, the rise is 361 feet, or fifteen 
feet per mile. Along this l ine the plateau is not so sharply 
defined as from positions either twenty miles north or south of the 
Great Northern railroad, where the ascent to the hills is more 
abrupt. 

The valleys of the Mouse and Des Lacs river system are the 
only exceptions to the generally level surface of the eastern half of 
the county. The western half is also broken by several stream valleys 
even more striking in appearance than the ones above mentioned, 
but less strongly contrasted with the more rugged surface of the 
plateau. A broad general division of the county -  into two parts can 
be made on the basis of surface regularity, a diagonal from the 
northwestern tp the southeastern corner being the dividing line, 
and the eastern edge of the hills the most conspicuous landmark. 

The portion of the county bordering on the Missouri and 
extending east to the center of the county has on elevation of 
2,000 to 2,200 feet, distinctly set off from the eastern half of the 
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county by a conspicuous range of hills. The highland, plateau- 
like area has received the name "Coteau du Missouri," and the 
hi l l s  r i s ing from f i f ty  to 200 feet  above the coteau form 
its eastern margin. The belt of hills is a divide between the 
waters flowing to the Atlantic through the Missouri, and those 
that reach the Arctic ocean through the Red River of the North. 
The coteau has an extremely rough surface, in strong contrast 
with the plains lying east of it. While one may easily lose 
himself in the wilderness of hills, the plain lies so open that on 
clear days, the grain elevators of Bowbells, Flaxton and Portal 
are distinctly visible twenty miles away. 

TOPOGRAPHIC DIVISIONS OF THE COUNTY 
T H E  M O U S E  R I V E R  B E L T  

The approach to the county on the east rises from the slope of 
old Lake Souris to the divide which, trending southeast, ap-
proaches within a very short distance of the eastern border of 
the Mouse valley throughout its full length in the county. In 
fact, the divide is so near that there are practically no eastern 
tributaries of the river. This belt is bounded on the west by 
the lower part of the Mouse, and by the Des Lacs river and lake. 
There are few coulees within the belt, and no conspicuous de-
pressions aside, from the broad, deep channel of the Mouse river 
and Des Lacs lake, which is really an old river valley. Small 
draws enter these valleys, making the approach to the river for 
a distance of from one to three miles on either side of the valley, 
very rought. Outside of the valleys the surface topography is 
that of a ground moraine, whose general level is that of a rolling 
prairie interspersed with sloughs. The northern part of this 
belt, though little settled, is said to contain some very good farming 
land. 

THE COULEE BELT 

The coulee belt borders the Mouse and Des Lacs rivers on the 
west,, and contains fifty-one coulees between the southeast corner 
of the county and Kenmare its northward limit, a distance of 
seventy miles. In the portion of the belt between Galva and 
FoxhOlm they are very numerous, quite uniform in size, length 
and rate of growth headward toward the hills. In contrast with 
this portion of the belt, that below Minot contains fewer coulees, 
and these are larger, longer and more developed, in most cases 
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-having narrow flood plains. One of the coulees in this belt along 
which lignite is mined is shown in plate XVIII. 

The streams of the coulees are for the most part dry in sum-
mer, or reduced to a series of muddy pools. The head waters of 
the southern half of the belt are already working on the margin 
of the hills, while the shorter ones at the north are rapidly ap-
proaching them. As would be expected, the topography of the 
coulee belt is much affected by the numerous small valleys, most 
of which are in early youth, having the appearance of deep 
trenches.  The lateral  tr ibutar ies are few in number,  so that 
the intervening prairie has hardly been touched by erosion. 
This entire belt, having an area of from 700 to 800 square miles, 
slopes gradually from the margin of the river valley on the east 
to the base of the hills at the west, rising between 200 and 300 
feet in ten miles. 

The portion of the county northwest of Kenmore may be di-
vided into two parts, the northern continuous with the Mouse 
river belt from the east, though decidedly more rolling. Pot-
holes, sloughs and hills of gravel and sand rise in places almost 
to the dimensions of drumlins. The southern part of the area 
is a depression about thirty miles in length, running from five 
miles west of Bowbells to the western boundary of the county, 
at Township 163. This depression contains several shallow lakes, 
and receives the drainage both from the hills on the south and 
from the roiling prairie on the north. Small creeks, gathering 
their waters from the western end of this depresiqon, flow north, 
unite just above the boundary line and finally enter the Souris 
or the Mouse river, to be carried by it around through the eastern 
part of the county. Coulees from the hills tributary to this 
depression are almost as large as many of those entering the 
Mouse river valley. Running for twenty miles or more in this 
depression is a bench containing minor outcrops of lignite, laid 
bare by the creeks that cut through the bench as they flow from 
the hills to the sloughs. This topographic feature is well brought 
out on the accompanying map. 

THE HILL BELT 

Ward county contains a section of the Altamont moraine, 
or  f i rs t  moraine of the Wisconsin dr i ft ,  n inety-f ive mi les  
long,  s tretching from the northwestern part  of  the county ,  
in Township 161, to the southeastern corner. The trend north 
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of Township line 161 is west-northwest into Williams county. It 
has been traced more or less accurately from the Saskatchewan river,  
in the central  part of Assiniboic,  southward through North 
Dakota, across South Dakota, and as far south as Des Moines,  
Iowa. In width the hi l l  belt varies from fifteen to ,  twenty-five 
miles, the limits as yet having never been sharply defined. Taking 
fifteen miles as the average width of the belt, the area of the hill 
land included within the county is about 1,500 miles. The 
roughness of the hills is almost equal to that of the bad lands, but 
the nature of the relief is entirely different. Bad land topography is 
due to erosion, this to deposition. The bad lands are 
characterized by few undrained areas.  In this belt the slope of 
one hill so blends with that of others about :t that sloughs, pot-
holes and lakes are inevitable. As one traverses the area he may 
pass for miles through a section where all the hills have about 
the same height, shape and regularity of arrangement, and then 
comes suddenly upon a broad amphitheater-like depression 
surrounded by a wall of hills, from which there seems to be no exit 
to the area beyond. Sloughs 100 feet below the average level are 
not uncommon, and small ones are so numerous that a dozen may 
be counted from a single hilltop in some parts of the belt .  Many 
of the shallow sloughs are valuable grass lands, sought out by 
the ranchers, who come several miles to cut the rich marsh grass 
that grows along their margins. 

The junction of the hills with the coulee belt on the east is 
rather abrupt, while on the west the approach is very gradual, 
almost inappreciable. The hi l ls really form a margin to the 
plateau of the Missouri, and blend with the plateau along its 
eas te rn  edge .  This  fac t  comes out  very  s t r ik ing ly  as  one  
passes from some point on the west, such as Coal Harbor, toward the 
northeast. For, after riding eighteen miles among the hills which 
intercept his view on every side, the traveler comes sharply out upon 
the edge of the belt from which he can look down and away twenty 
miles to the east toward the Mouse river. The sniall farms of the 
coulee belt with their green flax fields present a striking contrast 
with the yellowish-brown grass on the hills, withal very refreshing to 
one who has been traveling for several days along the untilled stretches 
of the .Missouri country. 

T H E  P L A T E A U  A R E A  

West of the hills the general elevation of the country is 
higher by 300 feet than the coulee belt on the east. Its relief is 
bolder and more impressive than that of any other part of the 



county. The effect is due to the size of the valleys that extend 
from north to south through the area. Though the streams are 
mere creeks, only a few feet wide at most during the summer 
season, the valleys through which they flow are over a mile in 
width on the average, and extremely crooked. Many tributary 
coulees enter the main valley, so that the area of rough and 
broken country along these streams is several miles in width. If 
the valleys of the White Earth, Little Knife and Shell creek are 
compared with the valley of the Mouse, the irregularity in the 
course of the former is noteworthy, the zigzag valley of the White  
Earth d i f fer ing great ly  f rom the s t ra ight  cana l - l ike  valley of 
the Mouse. This statement does not apply to the present stream 
channels, but to the broad valley in which the streams flow. The 
streams also differ greatly in the number of tributaries. The 
difference is due largely to the fact that the Mouse valley has 
been greatly modified by the deposition of drift, while the White 
Earth was almost free from these effects. 

If the area of the other three belts is subtracted from the 
surface of the country, there remains for this triangular section of 
the plateau belt about 1,800 square miles, exclusive of the Indian 
reservation. The larger part of this area is yet in its natural 
condition. The plateau area presents some interesting -  topographic 
features. The series of large lakes situated along the western side 
of the hill belt has a history not yet completely read. The lakes at 
the head of the Shell creek are a part of the headwaters of the 
stream, which have been obstructed and cut off from the val ley 
by the accumulation of drift .  The lakes near the head of the 
Little Knife and White Earth rivers probably have a similar origin. 
The sloughs at the head of the White Earth are undoubtedly of 
glacial origin. The abrupt termination of the Little Knife river 
valley, just south of Stanley, may be related in some way to the 
formation of the sloughs and lakes lying to the north and east of that 
place. 

DRAINAGE OF WARD COUNTY 

The most significant fact about the drainage of the county is 
its incompleteness. Sloughs occur in all parts of the county 
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and are numbered by the thousands. For the most part these 
individually cover a very small area, and are so shallow that 
many of them may be used for hay land late in the season. 
Some of the basins in the hills, however, attain an area of several 
square miles and have an abundance of water. The Des Lacs and 
Mouse river system furnishes but a very imperfect drainage to the 
area northeast of the hills. Though the valleys proper are well 
developed and mature in aspect, their tributaries were largely 
obliterated during the glacial period ; while the more recently 
developed coulees are still in extreme youth and reach but a small 
part of the area which they will eventually drain. In the eastern 
part of the county small streams have begun to work back from 
old Lake Souris in a northwesterly direction. 

The hill belt has been practically untouched by erosion 
agents, so that very few of its many ponds have yet found an 
outlet. Many small creeks are working headward along the 
approaches to the hills, toward the sloughs that will ultimately 
fall a prey to their activity. The plateau belt west of the hills is 
scarcely further along in its drainage history than the eastern half 
of the county, the county immediately bordering the valleys of 
the streams is cut up by lateral tributaries, but only a few miles 
from the best developed creek, the White Earth, sloughs abound. 

Traces of a more mature system of drainage of the Laramie 
epoch are seen in many places, but more conspicuous are the 
changes wrought by the glacial ice upon all previous waterways. 
Whatever the preglacial system of drainage may have been, at 
present the country lies within a rejuvenated area, the streams of 
which are just beginning their work upon this cycle of erosion. 

STRATIGRAPHY 
In Ward county there is but one series of strata outcropping, 

and that is the Laramie clays. The eastern bdundary of the 
county lies not for from the eastern edge of the Laramie. Con-
sidering all earlier rocks, then, as lying entirely at or below the 
level of the lowest point in the county, the mass of Laramie in-
cluded within the limits of the county forms a section having a 
thickness of from 100 to 300 feet along the eastern edge and thick-
ening to a depth of 900 feet at the western boundary. A cross- 
section of this area taken at either the northern or southern end 
would show a series of clays, sandy shales and lignite seams, 
with sandstone layers at irregular horizons between the top and 
bottom, a section similar to that of Sentinel Butte. The only dif-



ference between a section from east to west in the vicinity of 
Sawyer and at Portal consists in the relative thickness of the strata at 
the east and west sides. The section at the north would be nearly 
uniform in thickness from east to west. 

Other outcrops of the Laramie to the east of the county are 
found in the Turtle mountains in the north central part of the 
state. The series of strata lying between these outcrops in . the 
east and and those in the west were largely eroded away in pre- 
glacial times. Ward county lies within the eastern limit of the 
western area, and is a part of the body of clays and shales that 
extend far west into the Rocky mountain belt in Montana and 
Wyoming. Throughout the extent of these strata, or at least in 
Montana and Wyoming, lignite occurs in large quantities. In quality 
it becomes more bituminous toward the west, in Wyoming, where 
apparently disturbances of the strata have led to greater carbonization. 

All observations up to the present indicate that the strata lie in 
a horizontal position. No real fault has been discovered, though 
there is much slipping along the valleys, which appears 'like 
faulting, due to the break in the continuity produced in some of 
the lignite mines: The thickening of the Laramie in the western 
part of the county is not due to greater deposition, but rather to 
the fact that the strata in the eastern half of the county have been 
carried away by the general erosion which affects the eastern 
section of the state. It is not probable that the greatest 
thickness of the Laramie occurs within the county, for, at 
Sentinel Butte, the lignite bearing strata rise beween 600 and 
700 feet higher ; while a similar series in the vicinity of the Bow 
and Belly rivers in Alberta has a thickness of 5,750 feet 
composed wholly of fresh water deposits except near their base.* 

It is doubtful whether the next underlying series of strata, the 
Fox Hills sandstone, outcrops anywhere within the county, though 
low lying beds of sandstone, along the Mouse river might be so 
regarded. The workable seams of lignite lie in the Laramie and 
probably entirely above the 1,500 foot level, or about the level of the 
Mouse river at Velva. 

* Upham, Glacial Lake Agassiz, p. 85. 
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FEET INCHES 
5. Clay   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-3 
4.  Lignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
3. Sandy clay with many thin seams of ye:low 

ochre-like substances  ... . . . . . . . . . . . . . . . . . . . . .  16 
2. Lignite, fossil tree stumps in situ   ............ 1 
1. Clay containing much sand, with many 

small marble-like concretions  .... . . . . . .  30 

The dip of the strata in the above section was slightly to the 
-southwest, due probably to a slipping of the whole mass. The 
clays and sand are, in general, practically unconsolidated, so that 
wherever open faces of bluffs are found the material is easily sub- 
ject to erosion by wind and water. Along the river valleys land 
slips are common, in some instances large masses of material being 
involved. Along the upper Des Lacs valley, where till is for the 
most part absent, slips are so numerous as to modify the naturally 
steep slope very materially. In many cases the body of the clay 

carried to the base of the bluffs obscures entirely 
the lignite seams. en account of this slip- 

ping miners count on a rise of the seam 
from the point where entries 

are first made in the slope. 
Such a slip occurs 

in the Electric 
mine at Ken- 

mare, as shown in figure 7. 



Fig. 7. Diagram showing a slip in lignite and clay at the Electric mine, Kenmare. 

Some of the bluffs along the Missouri in the southwestern 
part of the county, where undercutting is rapid, rise from the 
r iver  a t  an angle  as  great  as  s ixty  degrees .  The fo l lowing 
sections, which might be duplicated many times in the high bluffs 
along the Missouri, will give some idea of the series of clays of -

which the Laramie is built up : 

FEET 
18 .  C l a y  ( l i gh t  g r a y )   . . . . . . . . . . . . . . . . . . . . . . . . .   20-30 
17 .  C lay  (br ight  ye l low)  pers i s tent  for  

miles along the river  ..............................................  15 
16.  Clay ( l ight  yel low)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   10 

INCHES

 

THE L IGNITE COAL F IELDS OF NORTH DAKOTA 

Most of the prevailing Laramie formations consist of an un-
consolidated, more or less sandy clay and sand. Little true shale 
outcrops in the county. Locally the sand has hardened to a 
dense, gray, fine-grained sandstone. Numerous seams of fer-
ruginous clay are frequently found hardened to stone that 
breaks with a flinty fracture. Such a seam of ironstone a 
foot thick occurs on the Des Lacs river, four miles above 
Burlington. The sand is universally fine grained, and in many 
sections shows a tendency to weather in nearly vertical 
faces. The following section was taken from the face of a 
bluff in a coulee four miles above Burlington on the Des Lacs 
river : 

TP. 156, R. 84, sEc. 29 FEET INCHES 

5. Til l    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-20 
4. Ferruginous clay and sandstone  ..............  2 
3. Steel gray sandstone  . . . . . . . . . . . . . . . . . . . . . . . . . .   30 
2. Yellowish brown sandstone  ... . . . . . . . . . . . . . . . .  5+ 
1. Water level in the creek. 

Number 3 in this section shows well developed cross bedding. 
Number 2 is a thick bedded sandstone that contains many black, 
scale-like particles, probably of mica. 

A section similar to the above appeared on the opposite 
side of the Des Lacs river. 

Another outcrop more characteristic of the Laramie was 
seen one mile above Donnybrook, and repeated at many points 
between this place and Kenmare, further up on the river. 

Section one mile north of Donnybrook : 



FEET INCHES 

22. Yellowish clay  .....................................  1 6 
21. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6 
20. Clay  ..........................................................  1 
19. Lignite  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
18. Sandy clay, light gray  ...........................  10 
17. Hardened sand becoming clayey  ..........  8 
16. Carbonaceous matter  ..............................  6 
15. Clay containing iron and gypsum  ........  3 
14. Carbonaceous matter  ..............................  4 
13. Clay containing iron and gypsum  ........  6 
12. Carbonaceous matter  ...........................  3 
11. Clay  .....................................................................  1 
10. Carbonaceous matter  ...........................  4 
9. Yellow clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   7 
8. Black c lay   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6 
7. Very sandy clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   8 
6. Chert-like clay ironstone  .....................  6-8   
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 FEET INCHES 

15. Clay (light drab) fossil wood horizon 
20 14. Carbonaceous shales containing 
carbonized plants   ...................................... 1 

13 .  C lay  (da rk  ye l low)   . . . . . . . . . . . . . . . . . . . . . . . . .   30 
12. Clay (yellow), burned to a- red slate- 

like fissile shale  ....................................  20 
11. Lignite   .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
10 .  C l a y  ( l i gh t  g r a y )   . . . . . . . . . . . . . . . . . . . . . . . . . .   20 
9. Lignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
8. Clay (l ight yellow), containing l imon- 

ite seams  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   30 
7.  St iff  sandy clay ( l ight b lue)  . . . . . . . . . . . . . . . .   20 
6.  Lignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
5 .  Sandy c lay  (b lue)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
4. Lignite.   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
3 .  C lay  ( l i gh t  g r ay )  w i th  s and  loca l l y  

hardened  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
2.  Lignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1. Clay  ..........................................................  30 

This section does not exaggerate the contrast that stands out 
strongly- everywhere in the color and succession of the clays that 
compose the Laramie. The color effect is heightened by the 
presence of a layer of red burned clays at the top of the butte in 
many places. 

Sand may occur, as was observed in many places, at various 
horizons, locally hardened into layers, varying in thickness 
from a few inches to twenty feet. It may take the form of 
concretions,. some of which are cylindrical, having the 
appearance Of logs. This form is very striking, inasmuch as 
the so-called logs appear to be cut in sections of uniform 
length with ends as squarely broken at the joint planes as if 
they had been sawed. Other portions remain in an upright 
position, resembling stumps from which logs have been cut. 

Another striking characteristic of the Laramie series is the 
number of lignite seams. As many as nine of these seams were 
counted in the face of a single bluff. At Hofflund, eight 
seams, with a thickness of from six inches to three feet, run 
continuously, without great variations, for two miles along an 
almost vertical bluff. Locally, these lignite seams thicken 
up to six, eight and eleven feet. 

For further observations upon Laramie formations reference--  

may be made to Dr Wilder's discussion covering the area of 
Laramie clays and lignites as a whole. 

North Dakota Geological Survey.  



 

 

Part of an Eleven-Foot Lignite Seam Near Coal Harbor, McLean 
County. 
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NATURE OF THE PREGLACIAL SURFACE OF THE 
LARAIVIIE 

Any discussion of the preglacial surface of the Laramie 
in the county must be largely hypothetical, since at the 
present time few facts bearing upon this question are at hand. 
It is an interesting one, however, not only on account of its 
relation to glacial problems, but also because of the position 
which the lignite occupies with respect to the drift. 

Observations along the southwestern border of the 
moraine, in the river valleys and in the mines, lead to the belief 
that the surface of the country, now covered more or less 
completely by drift, was once much more broken than at 
present. Low hills are found east of the edge of the moraine, 
hills that are merely old buttes covered with glacial material. 
Just southeast of Ken- mare, in a railroad cut on the lake front, 
old erosion surfaces appear under the drift. In some of the 
mines old channels are found filled with boulder clay. On 
the higher hills along the eastern margin of the moraine, 
some, at least, consist of a base of Laramie strata. The 
valleys of the Mouse and Des Lacs rivers are today almost 
without tributaries of dimensions corresponding with the 
main valleys. Commensurate tributary valleys must have 
existed in preglacial days, and their presence would have 
increased the roughness of the surface in the same way as 
those of the Little Knife and White Earth. It does not seem 
unlikely that the surface of the county was more or less 
broken in a maner approaching that of the bad lands. The 
banks of the streams were generally steep ; sharp slopes 
prevailed everywhere, and the butte was the common type of 
hill. Here and there in the county, a remnant of an earlier base 
level might have been seen, such as the hill of Murdered 
Scout, just over the line in Canada, northwest of Lake Des 
Lacs, or like Dogden Butte, in McLean county. The general 
level, however, must have been lower toward the eastern part 
of the county to have maintained the slope between the 
Missouri and the Red river that is found at present. 

When the amount of denudation and the general lowering 
of the surface due to glacial action is considered it is not safe 
to assert that more material was removed than was 
deposited. Much of the clay constituting the base of the till in 
the moraine doubtless was carried but a short distance. A part 



of the material 
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brought to the area was deposited in old valleys, while the more 
prominent elevations on the surface were broken tip and incor-
porated with the masses of clay, boulders and gravel and carried to 
points farther on. The great change in topography was due to leveling, 
the two factors of which were filling of depressions and cutting down 
prominent elevations. As a result of this process, in which of 
necessity much material was irregularly deposited, some points are 
higher and some lower than they were before the advance of the ice. 
The number of lignite outcrops in preglacial times must certainly 
have been greater than now, as the relatively few exposures that now 
exist in the glaciated area are due to the recent removal of drift. 

D R I F T  I N  W A R D  C O U N T Y  

There are but few townships in the county where the Laramie 
formations are not entirely hidden from view by drift. This is 
equivalent to saying that there are few parts of the country 
where the surface remains unmodified by the drift. The defor-
mations and modifications may have come about through several 
processes, one or more of which were active over some part of the 
entire country. These processes consist of (1) erosion by the 
body of the ice carrying debris on its lower surface ; (2) 
deposition of parts of the material carried by the ice ; (3) deposition 
at the edge of the ice due to melting; (4) deposition of materials 
carried by the waters flowing from the melting ice ; (5) erosion 
by the waters from the margin as well as from under the ice ; (6) 
final deposition of rocks and debris held in the body of the ice, and 
(7) a combination of one or more of these processes. The nature of 
the change occurring in any particular area will depend upon the 
position of that area with respect to the margin of the ice as it 
stood in the most advanced position. Areas lying under the ice 
would be affected both by erosion and deposition, and also by 
pressure due to the weight of the incumbent ice. Areas along the 
extreme margin would be modified most by deposition of 
material. Areas beyond the range of marginal depositions by the ice 
would be affected by erosion of waters flowing from the melted ice 
and also by deposition of assorted materials, such as gravel, sand 
and clay. Areas between the terminal moraine and the retreating 
margin of the ice would be greatly affected by the streams flowing 
from uhn melting ice Material deposited by the ice, directly, 
would be unassorted, consisting largely of till or clay with pebbles 
and boulders in all parts of its mass. Materials deposited by the 
waters flowing from the ice would be variously assorted, and the 
resulting hills and banks stratified as a consequence. The sand, 



gravel and clay would be deposited in layers in a more or less definite 
series. 

Area of the Ground Moraine.—The entire northeastern half of 
Ward county lay under the ice sheet during its advance to the 
position at which the hill belt was formed. While assuming this 
position, and during the more or less continuous advance necessary 
for the building up of such a terminal moraine as that represented by 
this belt, the ice filled up many old valleys in the county, scoured 
down elevations, and left a coating of till varying in thickness 
from nothing to 100 feet or more. The maximum depth of the till 
has not been determined, but in many instances wells have 
penetrated it for 100 feet. Wells having a depth of from thirty to 
fifty feet, with bottoms in gravel, are very common in the 
northern part of the county. The following illustrations show how the 
thickness of the drift varies in the county northeast of the hills : 

A well ten miles west of Portal and one mile north of the 
Canadian boundary, twenty feet deep, strikes a lignite seam. 

A well seven miles west of Portal penetrates forty feet of sand. 
Seven miles east of Portal a well passes through forty feet of 

yellow and blue clay without reaching the bottom of the till. 
In Township 162, Range 90, Section 1 or 2, northeast of Flax- 

ton, gravel is reported at the bottom of a well 130 feet deep. 
In Township 162, Range 90, Section 1, a well 100 feet deep 

passes through gravel and till to the bottom. 
In Township 162, Range 91, Section 9, a well is reported on 

good authority to be 175 feet deep, and to pass through stony clay all 
the way to the bottom. 

West of Carpio, several wells penetrate from forty to fifty feet of 
till. 

The shaft in the New Era mine, ten miles west of Minot, 
penetrates forty feet of till, though the shaft entrance is between 
thirty and forty feet below the level of the surface. 

At the Hanchett mine, in the southeastern corner - of the 
county, about twenty-five feet of till lies above the lignite. At 
the Turtle Gulch mine, a few miles to the north, seventy feet of till 
covers the same seam. 
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Along the edge of the stream valleys the drift is usually 
thinner, due to erosion. For a more definite determination of 
the thickness of the drift data are not at hand. From the few 
facts mentioned it will be seen that the thickness varies considerably. 
South of this county, where the drift has been more carefully 
studied,* much greater thicknesses have been assigned. The average 
for Ward county is probably much less than 100 feet .  A large 
part of this  material  is  composed of clays,  furnished from 
the areas adjacent to points where the whole mass was deposited. 
In the wells that penetrate this bed of till, the first fifteen or twenty 
feet of material consist of yellow clay and the remainder  of blue 
c lay .  The difference in color  has  been explained by Upham t 
as due to the influence of air and water upon the iron contained in 
the deposit, changing it from protoxide combinations to  hydrous 
sesquioxide. Other explanations perhaps more satisfactory will be 
considered in a later study of the drift deposits of the state. 

The lower drift seems to be much tougher than the upper, due, 
possibly, to the greater pressure to which it has been subjected by the 
weight of the overlying ice. 

The nature of the till varies somewhat, but in general it consists 
of clay, generally plastic, containing pebbles of all sizes from a 
grain of sand to boulders. The smaller pebbles predominate and 
are usually somewhat rounded, due to the rough handling they 
have received in their journey under the ice. If one were to mix 
the native clay with the pure gravel from a gravel terrace, in 
proportion of one part of gravel to from five to ten parts of 
clay, he would have a fair till. Locally the till is filled with stones 
of a larger size, and a well can scarcely be dug anywhere from which 
a dozen boulders from six inches to two feet in diameter are not 
brought up. 

Terminal Moraine.—No extended observations have ever been 
made, so far, as can be learned, upon the moraine belt of the 
county. It is generally known as an exceedingly rough area, 
consisting of knob-like hills interspersed with many sloughs and 
small lakes. The eastern boundary of the moraine is well marked, as 
it can be seen fifteen miles away, appearing not unlike a great river 
bluff, except that its upper edge had a more serrate outline. The 
western limit is much more difficult to assign, because it 

* Upham, Glacial Lake Agassiz, p. 133. 
Glacial Lake Agassiz, p. 135. 
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gradually shades off into the plateau beyond it. Some of the hills 



are veneered buttes without doubt, but the majority of them, as 
appears from the railroad cuts, consist of till from bottom to top. 
The till is not unlike that of the ground moraine, though the per 
cent of gravel and assorted material is greater in the hills. The varied 
topographic forms of the terminal moraine are due to deposition, only 
slightly modified by erosion. Post-glacial erosion mainly in the coulees 
along the eastern slopes, has drained but few of the multitudes of 
sloughs. 

Outwash Gravels.—As one approaches the western side of the 
moraine, gravel and stratified material become more numerous, and 
evidences of water action, both in the sorting and in the deposition 
of material ,  are abundant. Toward the head of the valley of 
Shell creek is a broad, gently sloping plain several miles long 
and a mile and a half wide, with a surface of unusual flatness. 
This plain is entirely faced with gravel several 
feet thick. This is probably an outwash plain and at present 
drains to the sloughs at the head of the creek.  Following 
still farther down Shell creek, gravel terraces rising fifteen feet 
above the creek furnish an excellent roadbed for many miles along the 
valley. 

White Earth creek shows a similar deposit of gravel at various 
points, while many terraces along the Missouri, and gravel banks 
with stratified material in the vicinity of Stanley and Palermo, 
point to the fact that large quantities of water flowed over these 
areas, depositing coarse material and carrying the finer farther on. 

Whether the large terraces of gravel occurring along the 
Missouri are due to the outwash from this moraine or another of 
greater age lying partly south of it has not been positively 
determined. Evidences of an older drift sheet were seen at several 
places along the Missouri, and the terraces may be associated with it. 

Drainage From the Edge, of the Retreating Ice.—By referring 
to the map of the county it will be seen that in the northwestern 
part of the county there is a series of large sloughs. These extend 
in a direction parallel with the hills, and are partly drained by creeks 
to the Souris river at the north. With an ice sheet lying to the north 
of the sloughs, but having its edge south of the present Souris 
valley, drainage could hardly have had the direction whiCh it now 
takes. Much of the water must have been carried off to the south. That 
considerable erosion accompanied the 
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flow of the waters is shown by the depression of the slough below the 
level on either side. The surface of the bench bordering the 
sloughs here for a distance of twenty miles has scarcely any drift 
covering, so little, in fact, that coal outcrops at many points, as 
shown by the map. On the other hand, had deposition in quiet waters 
taken place in front of the ice, as might be expected, the bench 
area would be deeply covered. Some outlet for the sloughs toward 
the Des Lacs valley may exist, but it has not been traced to its, 
terminus. 

Drainage From the Area Covered by the Ice.—The valleys of the 
Mouse and Des Lacs furnished a ready outlet for the waters of the 
melting ice. So much gravel and sand occur in the Mouse river 
valley, facing the slopes on either side, that all natural outcrops 
of lignite are concealed. At Minot, and especially at Velva, large 
gravel deposits occur. Gravels older than Wisconsin were found at 
Minot, in the Mouse river valley. 

If the valley is the work of outflowing water of the late 
Wisconsin drift sheet, it is difficult to account for the presence of 
this old gravel. The great uniformity in the course of the valley 
and the absence of tributaries of any considerable size point to 
considerable modification, if the valley was preglacial. The boulders 
are entirely foreign to the county and are scattered apparently 
without law or order through the till in large numbers. Along the 
valley of the Des Lacs river, between Burlington and Carpio, there 
are terraces whose surface is literally paved with these rounded and 
subangular blocks of granite, gneiss, syenite, diabase and 
l imestone. Boulders also are abundant a long the va l ley  s ides 
and in the coulees .  At  many of the gulches where coal outcrops, 
gray, black and pink boulders, red with the rust-covered lichens, 
cover the surface. Several were seen delicately poised on sandrock 
pedestals. A case of this kind occurs at Velva on the Des Lacs river, 
where a boulder weighing twenty-five tons rests upon a support of 
sandrock not more than a foot in diameter. Many of the high 
bluffs along the Missouri are thickly covered with boulders, small 
and large, while along the White Earth creek several places were 
seen where the valley had received a consignment of boulders, as 
though pushed over the valley wall from the sides. 

Limestone boulders form only a small per cent of the whole 
number, but still they occur locally in numbers sufficient to be 
profitably burned for lime. 

L I G N I T E  D E P O S I T S  O F  W A R D  C O U N T Y  1 0 3  

Terraces and Ancient Valleys.—On the Indian reservation 



south of the Little Knife river, and west of Shell creek, an in-
teresting phenomenon was noticed.. The escarpment of the Missouri, 
which one would expect to find following the river, instead follows a 
line running almost straight from the first sharp bend of the Little 
Knife to the Missouri five miles southeast of the mouth of Shell 
creek. . Between the escarpment and the marked semicircular bend of 
the river, there is a valley running parallel with the escarpment, 
varying in width from one to two miles. This valley is separated 
from the river on the south by drift hills whose elevation 
increases toward the Missouri on the south and west. The fact that 
many of the hills are boulder covered and the abundance of sloughs 
plainly mark the area as within the glacial drift. One long, pond-
like slough is especially noticeable, as it extends from a point near 
the center of the area straight toward the west for several miles, 
apparently opening out into the valley of the Missouri. That the 
water of this pond has been higher than at present is shown by 
the gravel terrace that closes its eastern end. 

This series of drift hills bordering the Missouri extends from a 
point three miles west of the mouth of the Little Knife to the mouth 
of Shell creek, with the exception of the break at the Little 
Knife river. At the east end of the valley that borders the 
escarpment, there is a gravel terrace forty to fifty feet high and 
four miles long, trending to the northeast. This terrace is 
remarkably flat, and, except for the small gullies that cut into its 
edge here and there, the surface is as level as a railroad bed. It 
faces another broad flat at the east twenty or thirty feet lower, along 
the south edge of which the Missouri is cutting at present, still 
twenty feet lower down. 

At the west end of the drift hills and continuous with them are 
other remnants of a terrace having about the same elevation as the 
one just described. This terrace extends from Nesson in Williams 
county more or less continuously to the mouth of the Little Knife 
river. It is -especially well developed at Nesson, Grinnell and 
Chilcot, where it is unusually striking, due to its position with 
reference to the old escarpment. Flat topped and bench-like in 
appearance, it protrudes abruptly outward a mile or more from the 
bare clay faces of the buttes that rise 200 feet above it in the 
background, while its even edge bounds a rather sharp but still 
uniform slope from the first terrace below it on 
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the river. In many places between this higher terrace and the steep 
slopes behind, streams have eroded narrow V-shaped valleys. These 
same streams have cut through the terrace in many places plainly 
showing that drift is the only material in its composition. Parts of 
the terrace, in a position to have been much washed and assorted by 
the action of the water, consist largely of gravel. 

Associated with this old valley of the Missouri on the reservation 
is another, probably of similar origin, extending from Nesson to 
Hofflund. While the valley is not as long as the one uniting the 
"big bend" of the Missouri, it is fully as wide, and is interesting 
in its details, while, as a depression, it is more sharply set off from 
the slopes. A gravel terrace of magnificent proportions bounds the 
valley on the west and south, extending for five miles along the river 
terraces below it. 

More remarkable than either of these old valleys is the depression 
running from the valley of the White Earth, eight miles above its 
mouth, to the Missouri at Hofflund. Coulees cut far back into the 
slopes of native lignite bearing clay on the north side of this 
depression, while drift covers the opposite slopes, which rise 
gradually front the bottom of the depression to the top of the 
bluff overlooking the Missouri valley at an elevation of 350 feet. 
The slopes on this side are clearly drift veneered only. Boulders 
are numerous all the way to the top of the bluff. Wells in the 
depression show the valley to be drift filled. At the east end 
terraces of gravel occur .in the White Earth valley, and the west 
end is drained by Dry Forks creek. Whatever the history of the 
stream that eroded this depression, the depression itself is clearly 
tributary to the old valley of the Missouri at Hofflund. 

Deep Wells in Ward County.—Any discussion of the subject of 
wells in the county makes a reference to the strata lying below 
the Laramie necessary. No deep wells have been bored within the 
county so far as has been learned, for which reason it is necessary 
to resort to data furnished by other parts of the state. 



North Dakota Geological Survey. 
Plate XVII. 
The Satterlund Mine in McLean County. 
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The series of formations occurring just above and below the 
Laramie are shown by the following table: 

GROUP S Y S T E M  SER IES STAGE S U B - S T A G E  FORMA-
TION 

CENOZOIC PLEISTOCENE

RECENT 
  ALLUVIUM 

MORAINES 
GRAVEL 
SAND 

GLACIAL 

WISCONSIN 
 

 

DRIFT 

CLAY 
SAND 

SANDSTONE 
LIGNITE 

KANSAN? 

MEZOZ OIC CRETACEOUS UPPER 

LARAMIE 

MONTANA 

F o x  H I L L S  SANDSTONE 

PIERRE SHALES 

COLORADO 

NIOBRARA 
SHALES 

BENTON SHALES 

DAKOTA  SANDSTONE 
 

In the upper or glacial series of strata, consisting of till, 
gravel and sand, shallow wells are found at many places in the 
county at depths ranging from twelve to fifty feet. Wells of this 
class in which the water is good and the supply ample have as a 
reservoir a pocket of gravel in the till, or a surface deposit of similar 
gravel and sand. 

If the water is not obtained in the drift materials, the prospect 
for getting a good flow of water from the underlying series of 
Laramie strata, especially the clays, is not good. In a number of 
instances, however, a fairly good supply of water has been obtained at 
some one of the lignite levels. In, such cases the lignite seam is 
probably the water bearing member, lying as it does between two 
seams of impervious clay. 

Some good flows of water have been obtained in the sand 
that occurs irregular ly bedded in the Laramie.  A wel l  at  
Medora (figure 2) penetrates the shale, lignite and sand, members 
of the Laramie, for a depth of 941 feet. Water was obtained 
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at two levels in this well, the first being at about 500 feet, the second at 
the bottom, the flow rising 100 feet above the surface. The water 
from this well is soft and somewhat sulphurous, and the flow 
thirty-three gallons per minute.* 

The depths to which borings would need to go, in order to 
reach the Dakota sandstone which furnishes the large artesian 
wells of other parts of the state, is probably not far from 200 feet 
below the sea level. This estimate is based upon the record of the 
nearest artesian wells north, east and south of Ward county. At 
Deloraine, northwest of the Turtle mountains and- forty miles from 
the nearest point in the county, an unsuccessful well reaches a depth 
of 1,894 feet without penetrating the Dakota sandstone, showing that 
the Dakota lies more than 156 feet below sea level. .  At Devils Lake 
the sandstone is struck exactly at sea. level. At Jamestown the 
surface of the Dakota is found lying seventy-six feet below sea level, 
showing nearly a constant elevation along the north-south line 
passing through the last named places. As the dip of the stratum of 
sandstone in the part of the state lying immediately west of the line 
from Jamestown to Devils Lake is slightly toward the west, the 
portion underlying Ward county is estimated to be from 150 to 200 
feet lower than its elevation at Devils Lake. According to these 
figures the depth to which boring would need to extend in Ward 
county to reach the great water bearing horizon, the Dakota sandstone, 
can he approximately obtained by adding 200 feet to the surface 
elevations which have already been given for the leading points in the 
county. 

LIGNITE IN WARD COUNTY 
General Considerations.—It becomes evident, after a very brief 

examination of the lignite areas of the county, that centers of 
mining are not determined by the presence of coal Merely, but by 
the number and extent of the local outcrops, and by proximity to 
railroads or a market. In some instances a thin seam of lignite is 
being vigorously and successfully worked because the place has been 
favorably known and resorted to for years before other more 
promising seams were opened. 

Natural outcrops due to undercutting and slipping along the 
bluffs of the streams are so common that few attempts have been 
made to find the lignite by extensive surface prospecting. The 

U0ham, Glacial Lake Agassiz, p. 529. Darton, Preliminary Report on the Artesian 
Wells in a Portion of the Dakotas. fact that many wells pass down to the 
seams has left the impression, however, that, if desired, lignite in 
paying quantities may be found underlying almost any part of the 
county. So far as can be learned, systematic prospecting, except in 



a few noteworthy instances, has not been carried on far from the 
valleys of the Mouse and Des Lacs rivers. 

It may not be out of place at this point to call attention to 
some of the reasons why the outcrops are absent from areas where 
only a very limited continuity of the well known seams would 
call for their presence. The most noteworthy instance of this 
kind is the Mouse valley, above Burlington. Lignite, presumably 
from the same seam as at Burlington, is mined on the river opposite 
the Davis mine, and also in one place four miles below Minot from 
a lower seam. One outcrop that may possibly be the same as at 
the Davis mine, has been reported from a point a few miles 
above Burlington on the Mouse river. The absence of more 
numerous outcrops in this vicinity and from the valley in general 
is probably due to the fact that a large amount of drift is 
deposited in it, both bluffs being faced with till, sand and gravel to a 
depth that would easi ly mask al l  traces of l ignite. In only a few 
places has the wash from the slopes laid bare the natural clays. The 
presence of the drift is further in evidence by the contrast in the 
angles of slopes in the two valleys of the- Mouse and Des Lacs 
rivers. The slopes in the Des Lacs valley are steep and their faces 
entirely bare for miles without a break, so that lignite seams may 
be readily followed ; while, on the contrary, the slopes at 
corresponding points in the Mouse valley are very gradual, and their 
contour makes it obvious that to find the lignite, if it exists, it 
would be necessary . to pass through from twenty to 200 feet of 
drift. Traces of lignite were found in a well six miles north of the 
bend in the river east of Carpio. Whether the material found was 
but a fragment of drift coal or a part of a seam could not be 
ascertained. The well was near the mouth of a small coulee about 
forty feet above the valley bottom. One other outcrop was reported 
from a point opposite Foxholm. 

The presence of much glacial material in the valley of the 
Des Lacs between Foxholm and Carpio, may also account, in 
part, for the lack of extensive outcrops there. Another expla-
nation may be found in the fact that the seam- which is extensively 
mined between Minot and Foxholm has passed below the 
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floor of the valley, at a depth of from fifty to seventy-five feet. 
Aside from conditions which prevent the outcrop of seams of 

lignite where they really exist, the lack of continuity and rapid 
thinning of seams is a very common occurrence. When one con-
siders how delicately balanced are the conditions favorable for the 
formation of the lignite, it does not seem remarkable that so many 
beds have so slight a lateral extent. The wide areas over which 
the lignite occurs must have been covered with a- dense mantle 
of vegetation, lying so near the water level that a very slight 
change in the surface elevation would bring the mass below the -
water, there to protect it from normal decay. Much of the 
material may have been subject to dry decomposition also, and 
for that reason would fail of carbonization. After long periods 
of such favorable conditions, an uplift of the surface took place, 
subjecting the area to erosion. Channels were cut deeply into the 
clays, removing the lignite at many points. All such places 
would appear today as interruptions of the seams. Such erosion 
continued long enough brought about base-leveling and conse-
quent removal of entire seams over wide areas. Could the 
material which was removed by normal processes of erosion in 
Ward county, previous to the deposition of glacial drift, be 
restored to its natural position, raising its surface to a level as 
great as that of the Turtle mountains, at least, literally thou-
sands of square miles of valuable lignite seams would be replaced 
with the clays. Not only has the surface been lowered by early 
Tertiary erosion from 500 to 1,000 feet,* but, as a part of the very 
process of such base-leveling and erosion deep channels must have 
been cut into the strata now remaining. 

It is generally assumed that the strata bearing lignite, the 
Laramie, are practically horizontal. This assumption seems to 
be fully warranted by observations so far made in the county. 
It follows as a consequence that from 600 to 1,500 feet of lignite 
bearing clays have been stripped from the area of which the 
county is a part. Sentinel Butte is 3,100 feet high, with the 
Laramie series extending practically to the top. Sentinel, Square 
and other high buttes probably represent a base level. Buttes 
having a height, as many of them do, of 2,400 feet or thereabouts, 
represent another base level, as the larger part of the county 
has an elevation of less than 2,000 feet. The larger part of the 
lignite of the county, then, has been cut away, and the part now 

* Upham, Glacial Lske Agassiz, p. 103. LIGNITE DEPOSITS OF WARD COUNTY
 109, 



worked, especially in the eastern half, is a remnant only, and contains 
the lower seams of the Laramie formation. 

The question of quality of the lignite in the upper and lower 
seams has been repeatedly raised. The analyses show no special 
gain in fuel value for the lower seams. Neither do the physical 
characteristics warrant the belief that the lower veins are neces-
sarily the best. Some of the very hardest and best lignite ob-
served occurred in a seam at an elevation of 2,000 feet, along 
the Missouri, 300 feet above the seams in which most of the 
mining in the county is done. The chemical analyses furnish 
no basis for the supposition that coals in the eastern part of the 
county are better than those of the western. An examination 
of the tables will show that in some of the mines west of the county 
line the per cent of carbon is high and the ash low. 

In some of the openings along Shell creek, the lignite has a 
very brown, woody appearance, showing the structure of tree 
trunks. From one outcrop wood, but very slightly altered, was 
taken from the center of the seam. The presence of this very 
imperfectly carbonized lignite cannot be attributed to a thinness 
of cover, for lying above it in elevation in the immediate vicinity, 
are lignites which are dark and hard, showing very little trace of 
woody structure. 

The Elevations of the Seams at the various mining centers, 
only approximately obtained, are shown in the following table. In 
several cases, the range in elevation includes more than one seam. 
At one point on the Indian reservation below Elbowoods, eight 
seams of fair thickness were noted in a butte less than 100 feet 
high. The elevations are only estimates based on the known 
altitudes of the nearest stations. 

CENTERS 

APPROXIMATE 

ELEVATIONS 

Sawyer-Minot  ............................................................. 1,500-1,630 
Burlington  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,620-1,660 
Donnybrook-Galva  ........................................................... 1,740-1,800 
Kenmare  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,760-1,800 
Gille-Miller, west of Flaxton  .................................. 1,800-1,850 
Makee mine       . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,800-1,850 
La Roche Percee, in Canada .................................... 1,800-1,850 
Indian reservation  ..................................................... 1,900-2,000 
Shell Creek  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,900-2,000 
Little Knife  .............................................................. 1,950-2,000 
Whi t e  Ear th      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,950-2,000 
Nesson  ........................................................................................ 2,100 
Coal Harbor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,740-1,800 
Pony gulch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,600 
Dogden butte  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,600 
Stanley  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,950-2,000 
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CORRELATION OF LIGNITE SEAMS 

These elevations furnish a basis for very uncertain correla-
tions only. The most that can be said of seams in different lo-
calities is that they lie in the same horizon. To say that one 
seam is continuous with another over more than a short distance, 
generally requires observations at many points between the given 
outcrops. For further discussion of this interesting topic the reader 
is referred to a paragraph on the nature of the lignite seam by Dr. 
Wilder and to plate VI. 

The following statements bearing upon the relations of seams 
in the county may be safely advanced. 

The thicker seam at Burlington has been struck at so many 
places that it may be said with much certainty to extend continu-
ously from a point west of Minot to Foxholm. It probably runs 
below the valley level some distance below Foxholm. 

A higher seam, apparently the second above the Burlington, 
was traced, with a fair degree of certainty, from Galva to the 'mine 
operated by the Des Lacs Coal and Brick Company, five miles north of 
Kenmare. 

The Gille-Miller and Makee areas are at about the same 
level, but between the two points much of the ligtaite has been 
cut out by erosion. 

Already in the detailed description of the Pony Gulch and 
Jones mines, it has been stated that they were in the same 
horizon. 

Whether the thick vein west of Sawyer and Velva is contin-
uous with the Burlington seam has not been demonstrated. There 
are evidences that the seam does continue, however, more deeply 
covered, as the heavy seam 254 feet below the surface at the New 
Era mine, ten miles west of Minot. 

The heavy seams outcropping a mile and a half north of Fort 
Stevenson may be continuous with the upper one of the seams 
observed on Wolf creek, north of Coal Harbor. 

The impossibility of close correlation over these short dis-
tances suggests that the term "coal horizon" cannot be used with 
great definiteness, and further points to the probability that con-
ditions during the Laramie epoch were favorable for the deposition 
of lignite through a long period of time. 

RELATIVE THICKNESS OF SEAMS 

The thickest extensive seam in the county is probably the 
lowest, the thickness being from ten to sixteen feet, and the 
elevation not far from 1,600 feet. Seams that would be considered 



very thick in ordinary mining centers, six, eight and ten feet, 
are found at many of the higher elevations of the county. At 
Nesson, just over the western line of the county, in one of the 
highest seams, the lignite measures eleven feet. As to the horizon 
in the Laramie at which heavy seams occur, no definite statements 
are possible, as the following examples will show : 

At Coal Harbor, elevation 1,740-1,800 feet, a seam measures 
eleven feet. Thirty miles south of Medora, on the Little Missouri, a 
seam fourteen feet thick occurs at an elevation of about 2,200 feet. 
In Sentinel Butte, 250 feet below the top, and at an elevation of 
2,850 feet, a seam twenty feet in thickness extends through the butte. 
In drilling the Medora well before referred to, a seam of lignite 
twenty-three and a half feet thick was passed through at a depth of 
about 200 feet, or an elevation of 2,000 feet. 

It is not possible to affirm that the number of seams occurring 
in the county at any specified range of elevation is greater than at 
another. Sections are at hand which show, at points examined, 
great variability in this respect. Between elevations of 1,600 and 
1,900 feet there is a record of five seams. From 1,900 to 2,000 a 
series of eight seams was noted. The numbers within a range of 
100 feet, for example, vary as seen at several localities along the 
White Earth, from none at all to five or six. 

AVAILABILITY OF LIGNITE 

As a rule each farmer or ranchman in the county determines 
which one of the various outcrops near his farm yields the best 
fuel with least labor, and to this opening resorts year after year, 
till a slip in the bluff reveals another more convenient place. 
The longest haul of fuel yet noticed is made from the upper Des 
Lacs region east of Bowbells and Portal, to openings along the 
big s lough in the northwestern part  of the county.  For 
example, a farmer from a point twelve miles east of Flaxton 
prepares for a trip of two days, one of which he spends in reaching 
the Gille mine, nineteen miles west of Flaxton, and in load:. his 
coal, and the other day is used in the return haul. The northern 
and eastern parts of the county are less favorably situ- 
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ated with respect to mines than other parts, unless it be the south 
central. As the northeastern corner of the country becomes thickly 
settled, a good mine along the upper Mouse valley would be a valuable 
property. There are some striking instances of convenience in location 
of lignite outcrops. In the plateau area west of the hills there are 
few ranchmen who do not have individual mines within a few 
miles of their houses. Many do not go more than a half mile for 
their fuel, while in one case a three-foot vein outcrops in the bank at 
the rear of the house. In another locality on the same creek the posts 
of a barn rest upon lignite. Many of these excellent seams are 'so far 
from a market at present as to be practically worthless. As the 
population increases, known outcrops will be worked and new ones 
found, until no part of the county will be without its convenient 
center of fuel supply. 

SYSTEMATIC DESCRIPTION OF THE LIGNITE CENTERS 
OF WARD COUNTY 

The lignite industry of the county has its greatest development 
at Burlington and Kenmare. The lignites from these areas• are the 
only ones widely known, and from these places the Great Northern 
and Soo roads. carry large quantities to many places in the eastern 
part of the state. As the mines are grouped to a greater or less extent 
about certain well known points, they will be described. with reference 
to such centers. 

Lignite About Burlington.—This area begins at the Great 
Northern bridge, four miles west of Minot, and extends west to 
Des Lacs, north to Foxholin, and east to the Honeywell farm, 
just across the river at Burlington. Within this district twenty- two 
openings were noted, only a few of which can be treated in detail. 

Among the more important openings in this group are the 
following : The Old Colton, Syndicate, Dakota Lignite and 
Brick Company, Mouse River Brick and Coal Company, Des Lacs 
Valley Coal Company, Norstrom & Rinos, Honeywell, Des Lacs 
and New Era. 

In this area brick making is in progress an as associated in-
dustry. Most of the mines occur in the west bank of the Mouse- 
Des Lacs river valley, or in the lower part of the tributary 
coulees. The New Era and Des Lacs openings are shafts put 
down from the prair ie level .  As has already been said in, 
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Plate XVIII. 
A Coulee a Few Miles North of :Minot, Showing Slack Heaps from Coal 
Mines in the Foreground. 
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another connection, it is believed that all these mines are utilizing 
the same seam. 

The seam has an average thickness of ten feet, contains but a 
small amount of clay, is quite uniform in texture from top to 
bottom, and lies between clay seams. This center may be said to 
supply locally the east central part of the county, and a large 
amount to other parts of the state. 

The Davis Mine, or Mouse River Lignite Coal Company, 
Township 155, Range 84, Section 12.—This mine is located 
one mile southeast of Burlington, on the Soo railroad, and eight 
miles from Minot. The entrance to the mine is about thirty-five feet 
above the level of the road and leads down an incline to the lignite, 
forty feet lower. The thickness of the seam as worked is ten 
feet. Below this 1,in, at a depth of from ten to fifteen feet, 
another seam three feet thick is known to exist. The seam worked 
has a two-inch clay seam about two feet above the bottom, and 
a layer of soft coal between three and six inches thick, eighteen 
inches below the roof of the mine. The seam varies considerably 
in the chemical properties of the lignite from the top to the 
bottom, as shown by the analyses. This mine is illustrated on plate 
XIX. Clay is found both above and below the coat Between the 
seam now mined and the portion of the same seam worked out in 
the old mine a deep erosion channel, partly filled with boulder clay, 
exists. 

The following analyses show the relative composition of the 
lignite from different parts of the seam : PER CENT

Volatile matter  .............................................................. 35.83
Fixed carbon  ................................................................ 51.58
Ash     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.88

Total       ................................................................ 100.00
Moisture  .............   32.00
Sample from the top of the seam : PER CENT

Volatile matter      ......................................................... 32.60
Fixed carbon  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46.42
Ash  .......................................................................................................... 29.98 

Total       ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.00 
Moisture         .............................................................. 30!00 

Sample sixteen inches above the clay seam: 
 PER CENT 

Volatile matter  ............................................................ 42.14
Fixed carbon    ............................................................ 47.36
Ash  ....................................................................................................... 10.50 



• Total       .................................................................. 100.00 
Moisture     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34.70 
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Sample from the lower twenty inches : PER CENT 

V o l a t i l e  m a t t e r      3 8  .  9 3  
Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   52 . 96 
Ash   ............................................................................................................. 8.11 

 T o t a l      1 0 0  .  0 0  
M o i s t u r e      3 4  .  7 0  

The amount of moisture, as shown by the analyses, is nearly 
constant. In collecting material for these and subsequent analyses, 
great care was taken to prevent loss of moisture up to the time of 
analysis, and the amount shown may fairly be regarded as indicating 
the amount present in the lignite as it stands in the mine. 

A section from the bottom to the top of the seam appears as 
follows: FEET INCHES 

8.  Clay above the seam  . . . . . . . . . . . . . . . . . . . . . . . . . . .   
7.  Roof of l ignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
6. Upper sixteen to twenty inches of mine 18 
5 .  So f t  l a ye r  where  m ine r  beg ins  work  

wi th  p ick    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-6 
4. Solid l ignite   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
3. Clay seam persistent through the mine . . . . 2 
2.  Lignite,  best  in the mine   . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 
1 .  C l a y  (p l a s t i c )   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

A section showing the number of seams and the nature of 
the clay above them is shown in figure 8. Entries run back 
under the hill over 900 feet, and many rooms have been worked 

out, the mine having been in operation four years. 
No diminution in the thickness of the vein has 

yet been observed, and it remains fairly uniform in 
quality. 



The output of the mine 
varies with the season, run- 
ning during the summer, at 
from seventy-five to 100 

tons per day, and 200 tons a day 
from September 1st to April 1st. 

The record of the mine shows 
that 5,000 tons of lignite are 

won  f rom every  ac re  
mined. Miners receive 
for room work 50 cents, 
and for entry work, 80 

Fig. 8. Section at the mine of the Mouse Lignite Coal Conipany. 

cents per ton, experi  enced men earning often River  from $3 to $5 
a day. 

The mine is worked double entry with room and pillar plan 
modified to overcome floor heaving. Ventilation of the mine is 
accomplished through forced draft, the air being driven along 
temporary flues at the side of the entries. 

The only peculiarity noticed in the mine was a clay-filled 
fissure, six inches thick, running for a distance of several hundred feet. 
Heaving of the floor, due to the extreme plasticity of the underlying 
clay, makes heavy timbering necessary. In several of the 
abandoned rooms the floor has raised until it is now within two or 
three feet of the roof. The same effect i` noticed in the entries. 

Associated with the mining, a brick plant is operated on a large 
scale. It is found that 220,000 brick can be burned with 115 tons of 
lignite. 

The Dakota Lignite and Brick Company, Township 155, 
Range 53, Section 10.—The property of this company is located one 
mile southeast of the Mouse River Lignite Coal Company's mine. By 
prospecting, the seam was found here to have a thickness of from 
ten to twelve feet, and to lie from 200 to 300 feet below the surface 
of the prairie. The entry had not yet been carried down to the 
lignite when the mine was visited, and for this reason samples are 
not at hand for analysis. The entry to the hfine is thirty feet above 
the seam, which is being approached along a drift, the lower end of 
which is now within a few feet of the lignite. Considerable 
difficulty was encountered here with quicksand. Figure 9 
illsutrates the position of the lignite and clay seams and the 
nature of the entry. Development work as shown on the 
surface in August, 1902, is shown in plate XX. The present 



mine is situated sixty rods north of the old Colton mine. Between 
the two mine openings there is said to be a .fault that produces a 
difference of twenty-five feet in the elevation of the two 
seams. The existence of a fault at this point would be 
interesting, though 

its presence has not been demonstrated. 

Fig. 9. Diagram illustrating relation of lignite and quicksand seams at the mine of the 
Dakota Lignite and Brick Company, It also shows the way in which the lignite seam is cut 
out by an old valley, a phenomenon observed a mile north of this mine, though not at this 
exact point. 

 



1 1 6  T H E  L I G N I T E  C O A L  F I E L D S  O F  N O R T H  D A K O T A  

The Old Colton Mine, Township 155, Range 53, Section 18. —
This mine is now abandoned, though the Dakota Lignite and Brick 
Company will operate its mine practically in the same area. The 
seam was from ten to twelve feet thick here, and about sixty 
acres were mined out. The dip was small, so little in fact, that 
the mine was drained to the river by a small ditch from the entry. 

Other Openings Between the Old Colton Mine and the Great 
Northern Bridge.—There are several openings to the same seam. Of 
these the one in the south bank of the coulee, thirty rods west of the 
bridge, shows a seam eight feet thick, with analysis as foll o w s ,  
l i g n i t e  d r i e d  b e f o r e  a n a l y z i n g :  P E R  C E N T  

Volatile matter      ...................................................... 38.01
Fixed carbon  ............................................................... 56.57
Ash  ................................................................................................ 5.42

Total  ........................................................................................ 100.00

Prospecting with a drill has shown that this seam thins rapidly to 
the south, so that what at first might seem a good mining 
proposition is rendered doubtful. 

Besides several other openings near the same point, whose 
entries have caved in, another outcrop was reported from a point two 
and one-half miles farther west, in the same coulee. 

Des Lacs Valley Coal Company, Township 156, Range. 84, 
Section 31.—This mine, operated by Mr. T. J. Lloyd, lies one- 
half mile up from the mouth of a coulee and about two miles 
north of Des Lacs. The entry to the mine is twenty feet above the 
creek on the north side of the. coulee. At this level the mine is 
easily drained, all water being siphoned out from a sump situated back 
from the entry. The seam measures ten feet, and has been 

worked for 700 feet back into the hill.
The section at this point shows : 
 7. Boulder clay, roof  ............................... 
 6. Lignite  ......................................................... 
 5. Clay seam  ......................................... 
4. Lignite (solid)  ........................................... 
 3. Clay seam, to bottom of mine  ......... 
2. Lignite  ......................................................... 
 1. Clay     ............................................... 

FEET 

7 

INCHES 

14 
14 
2 
6 
6 
16 

The seam is not worked below the clay level, number 3, for the 
lower sixteen inches of lignite is of value in preventing the heaving of 
the floor from below. 

L I G N I T E  D E P O S I T S  O F  W A R D  C O U N T Y  1 1 7  

It will be noticed that the lower clay seam corresponds in position 
with the one in the Mouse River Lignite Coal Company's mine. The 



presence of the boulder clay, not only as a roof but filling a 
"cutout" in the seam, is a peculiarity in this mine. A dried sample 
from the mine shows the following analysis : 

PER CENT 

Volatile matter    .......................................................... 33.13
Fixed carbon    ............................................................. 58.23
Ash  ................................................................................................ 8.64 

Total     .................................................................... 100.00 

This mine has been in operation for several years with a total 
output estimated at 20,000 tons. The output at present is fifteen 
tons a day in summer and seventy-five tons a day in winter. Mr. 
Lloyd expects that the output this year will reach 10,000 tons. 
The value of the machinery used in operating this mine is $1,000. 
Seven men are employed in the summer and twenty-five in winter. 
Wages run at $1 a ton for entry and 70 cents per ton for room 
work. Ventilation in the mine is accomplished by means of an air 
shaft and fire. Much of the supply from the mine is shipped to 
Grand Forks and Minneapolis. Local trade is good, the fuel selling 
at the mine for $1.50 per ton. 

Another opening was reported one-half mile above this one in 
the coulee, the seam having the same thickness. On the opposite 
side of the coulee from the Lloyd opening, not more than fifty rods 
away, no lignite has been found. One-half mile to 'the north, 
however, in a similar position in another coulee, the Norstrom & Rinos 
mine is in operation. 

The Norstrom & Rinos Mine, Township 156, Range 86, Section 
32.—The seam in this mine has the same thickness and 
peculiarities as in the Lloyd mine. It is ten feet thick, has the 
clay layers in the same relative position, and is mined in a similar 
manner. 

Two or three men are employed here during the summer, and 
from ten to fifteen during the winter. About 180 box cars of 
twenty-five tons each are shipped from the mine annually. 

Scribner Mine, Township 156, Range 85, Sections 19 and 30. —
This mine lies' two and one-half miles from the Norstrom & Rinos 
mine, and five miles below Foxholm in the Des Lacs valley. The 
tipple at the entrance is fifteen feet above the level of the road. 
The seam measures ten feet, and is so nearly horizontal that 
loaded cars are run by hand 400 feet from the 



118 THE LIGNITE COAL FIELDS  OF NORTH DA KOTA 
LIGNITE DEPOSITS OF WARD COUNTY 119 

rear of the mine to the entrance. Very little water is encountered. 
For the accommodation of this mine, as well as the series of 

mines along this valley, the Soo line has a sidetrack. Methods of 
mining are of the simplest nature, due to the thickness of the seam, 
absence of large quantities of water and the ease with which the coal 
can be handled in the entries. No timbering is done in the Scribner 
mine, as the upper and lower portions of the seam are left in 
sufficient thickness to make supports unnecessary. 

Analysis of dried lignite from Scribner mine : PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36.87
Fixed carbon  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.61
Ash  .............................................................................................................. 12.52

Tota l   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.00
 

The Scribner mine is the last one to the north working from this 
seam. In a coulee between the mine operated by Mr. Lloyd and the 
Davis mine at Burlington, 4nd north of the New Era mine about 
three miles, is the old Klondike, or People's Mining Company's 
claim. This mine is not now in operation. The coulee in which these 
mines were opened, according to the report of Mr. Houston, the former 
owner of the Klondike mine, contains several outcrops, showing a seam 
ten feet in thickness. 

But one mine in the Burlington area has been opened on the east 
side of the Mouse river. When the place was visited in the summer, 
Mr. Honeywell had leased the mine to two miners who were just 
preparing to open the old entry. The opening contains considerable 
water, due probably to the fact that the mine has been idle for some 
months. The entry now appears to terminate at the contact of a slip 
with the side hill. 

Two noteworthy attempts to reach the lignite of this area by 
shaft mining remain to be mentioned. The first shaft was sunk one 
mile west of the little town of Des Lacs. Here the greatest depth 
reached was 230 feet. At the present time the work on the shaft 
is discontinued, after the expenditure of $18,500. The first lignite 
was found at 217 feet, a three-foot seam. Under the seam, and 
separated from it by eighteen inches of clay, occurred a second four 
feet thick. One hundred and eleven feet farther down, as was 
ascertained by boring, lies a third seam ten feet thick, the one that is 
tentatively correlated with the seam at the mine along the river, six 
miles east. The shaft was, in September, 1902, filled with water to 
within five feet of the top. 

An examination of the material dumped from the shaft 
showed that about half of it consisted of stony blue clay, or till, and 



the rest of bluish sandy clay from the Laramie. The stony clay, or 
till, contained small stones, many of which were sub- angular and 
striated. No large boulders were seen. Besides the limestone 
and crystalline pebbles, many fragments of lignite were imbedded in 
the drift. 

The New Era Mine, Township 155, Range 84, Section 15.— This 
company is putting down a shaft three miles east of Des Lacs, on the 
Great Northern railroad. The bottom of the shaft in September, 1902, 
had reached a depth of t32 feet. 

The following is a record of the shaft to date, as obtained from the 
superintendent, Mr. Mills : 

FEET INCHES TOTAL 

12. Sand, gravel and clay  ... . . . . . . . . . 40  
11. Blue clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125  160 
10. Fire clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19  179 
9. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 184 

8. Fire clay changing to sandy soil 10  191 
7. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 193 
6. Sandy clay  ... . . . . . . . . . . . . . . . . . . . . . . . . . . 6  199 

5. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1991/2 
4. Sandy clay  ... . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2141/2 
3. Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 216 
2. Gray sand  ... . . . . . . . . . . . . . . . . . . . . . . . . . . 9  224 
1. Fire clay     .. . . . . . . . . . . . . . . . . . . . . . . . . . . 8 232 

Bottom of shaft at  .............   232  
Prospecting shows a seam of eleven feet and nine inches at the 

depth of 254 feet. 
After deducting the difference in level between Des Lacs and the 

top of the shaft at this mine, the two numbers of this section, 9 and 
7, correspond with two seams in the mine at the former place, having a 
depth of 217 and 222 feet respectively. The difference in elevation 
between these upper seams is eighty-nine feet at the Des Lacs and 
seventy feet at the New Era mine. Further, the depth of the eleven 
foot seam at these points is 254 and 336 feet respectively, or 1,590 
feet above sea level. In the Mouse River Lignite Coal Company's 
mine, *here the elevation of the seam at the entry is 1,630 feet, 
there is a dip of twenty-five feet to the mile southwest, which perhaps 
accounts for the difference in level between it and the lower seam of the 
New Era mine at 1,590. The following is an analysis of a sample of 
lignite fierm the New Era mine, upper five-foot layer : 
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PER CENT 

Volatile matter  ...............................................................  38.22 
F i x e d  c a r b o n     5 7 . 9 6  
Ash   ...................................................................................................... 4.12 

 Total  .....................................................................................
 M o i s t u r e    3 3 . 0 6  

..  100.00 

At present, from twenty to twenty-five men are employed at 
$2.75 a day. There is some water in the mine, but it is easily disposed 
of by continuous pumping of a stream two and a half inches in 
diameter. The mine is the only one in the county located on the Great 
Northern railroad. 

The area covered by this seam so frequently mentioned in 
connection with these mines in the Burlington area, if assumed to 
be no greater than has been determined by the known outcrops, is 
almost the size of a township. The amount of lignite contained 
within the area, reckoning a ton to a cubic yard, is 313,344,000 
tons. If 30 per cent of this coal is won from the mines, there is 
enough to supply the state for years to come. The amount of 
lignite which it is possible to remove from a mine in this section 
depends upon the nature of the roof and floor, 40 per cent being a 
high average. 

DONNYBROOK-GALVA CENTER 
In passing up the Des Lacs river valley, the last outcrop of 

what might be the Burlington seam was reported at a point one 
mile below Foxholm, but the bank having caved in, it was not 
found at the point named. Mr. Simons of Foxholm has filed a 
claim upon this property, and has made arrangements to operate the 
mine during the winter. 

In the river bank one-half mile west of Carpio, a thin seam of 
two feet in thickness has been opened for local use. The seam lies so 
low, however, that difficulty with water may be encountered. The 
upper seam of the Des Lacs mine, elevation 1,680 feet above sea 
level, should begin to appear somewhere near Carpio, which has an 
elevation of 1,696 feet. 

The Donnybrook-Galva area is noted for numerous and ex-
tensive outcrops rather than for thickness of seams. The quality of 
the coal from the thin seams is very good, and the number of 
entries from which lignite has been removed for local use is larger 
than in any other part of the county. No less than twenty 
places were found within a small area where fuel had been taken in 
considerable quantities, one coulee having eight openings. 



North Dakota Geological Survey. 
Plate XIX. 
The Mine of the Mouse River Lignite Coal Company at Burlington, near 
Minot. 
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The seam has a thickness of from two to four feet here in the 
valley for several miles, beginning, so far as could be learned, 
two miles below Donnybrook, at an elevation of twenty feet 
above the creek level, and extending as far as Galva. Whether 
this seam continues into the Kenmare district has not been as-
certained, since a break in exposure of several miles exists between 
the last opening at Galva and the first at Kenmare. The •difference 
in elevation is not great. With but two exceptions the lignite 
outcrops occur in the west side of the valley. One of these 
outcrops on the east side of the valley was seen at Galva, and the 
other is now being worked by the Carroll Brothers, four miles below 
Donnybrook, in Township 158, Range 85, Section 28. 

Mr. Carroll was not at the mine when it was visited, but 
from what was seen then and from correspondence since, it is 
learned that there are two seams separated by a two-foot layer of 
clay, the thickness of the lignite aggregating about four feet. The 
material above and below the lignite is clay, that from below being 
used in brick making. At present about 1,000 tons of lignite have 
been removed from the entry. The brick plant was incomplete in the 
summer of - 1902. The combination of the two industries at this point 
on the river should be very profitable, since not only can the brick be 
burned at slight expense, but this is the only brick plant between 
Davis' mine and Kenmare. 

Leigh and Ericson Mine, Township 158, Range 85, Section 5. —
This mine was recently opened. The entry has been driven 100 
feet into the bank, showing a seam of good quality and uniform 
texture from three to four feet thick. A peculiar ridgelike 
elevation had just been struck at the end of the entry. The 
following sections, A, taken fifty feet from the entry, and B, 
taken at the top of the ridge at the point of digging, show how 
the lenticular shaped layer of clay lies between the sand and the 
lignite : 

A FEET 

Sand to top of mine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clay   .................................................................................................................... 1 
Lignite   ...........................................................................................4 
Clay ,  bot tom of  mine  . . . . . . . . .   

B 
Sand, top of mine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   
Lignite   ............................................................................................... 4 
C l a y    B o t t o m  o f  m i n e  

PER CENT 

Volatile matter  ................................................................... 35.14
Fixed carbon  ................................................................ 59.75



Ash  .................................................................................................. 5.11 
Total  ....................................................................................... 100.00 

The sales from this mine are mostly local.  
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The analysis of the dried lignite is as follows : 
One mile above the Leigh-Ericson mine, on the river, there 

are a large number of openings in the coulees from which lignite 
in very considerable quantities is taken during the winter by 
farmers who resort to these places from many miles for their fuel. 

No mines were in operation during the summer between the 
Leigh-Ericson mine and Kenmare. Mr. Hill of Galva was 
driving an entry with the intention of mining there during the 
winter.:, but as has been learned later, the opening was not a success. 

KENMARE DISTRICT 
The Kenmare district includes the mines that are in operation 

between the lower end of the second lake and a point five miles 
north of the town on Lake Des Lacs. There are twelve openings -

in the bluffs along the lake, from which the output of lignite varies 
between a few hundred and many thousand tons annually. The 
seam first encountered at the Tasker coulee, between four and 
seven feet thick, extends the full length of the district at practically 
the same elevation, twenty to thirty feet above water level in the 
lakes. 

The Smith-Kenmare mine works the seam where it lies nearly at 
lake level. If this seam is as continuous to the east and to 
the west as it is from north to south, it should be possible to reach 
its level on the prairie by a shaft at a depth of from eighty to 125 
feet. Mining is, in general, carried on by the room and pillar 
method. Part of the timbering . is dispensed with by using the 
upper edge of the lignite seam as a support for the cross pieces in 
the entries. In each of the mines ventilatiOn is secured by means of 
an air shaft from the surface above the mine to one of the entries. 
Fires are kept burning under these shafts when necessary to secure 
circulation. The Soo road has a side track for the use of all the mines 
in the district except one, which was but recently opened. 

Kenmare Hard Coal Company, Township 160, Range 88, 
Section 32.—This company, under the management of Mr. B. B. 

L I G N I T E  D E P O S I T S  O F  W A R D  C O U N T Y  1 2 3  

Tasker, operates a mine situated at the mouth of the Tasker 
coulee on the southwest corner of the second lake. A new 
electric plant for lighting the mine, and for running drills and 
undercut machines, with which the mine is to be equipped, will be 
completed during the summer. It is expected that the output during 
the winter months will reach 250 tons a day. From twenty-five 



to fifty men are employed, a part of whose time during the summer 
season will be used in brick making in connection with the 
mining. For purposes of brick, the clay under the lignite is used. 

There is an older mine in this coulee, located on the north side 
opposite the present entry, which was abandoned on account of 
slipping. 

Analysis of dried lignite from the mine: PER CENT 

Volatile matter    .............................................................. 35.89
Fixed carbon    ............................................................ 51.06
Ash  ................................................................................................ 13.05

Total  ........................................................................................ 100.00 
The amount of ash is probably too high to represent the average 

for the mine. 
Silver Vein Coal Mine, Township 160, Range 88, Section 32.— 

This mine is located on the opposite side of the coulee from the 
Kenmare Hard Coal mine, with its entrance facing the lake. An air 
shaft was being made at the time the mine was visited. From three to 
twenty miners are employed, and the output varies from five tons 
in summer to fifty tons per -day in winter. This mine, as well as 
the others in the coulee, are so conveniently located with reference to 
roads that the properties should prove to be very valuable. Mr. 
Swartz, the operator of the mine, owns 167 acres here. 

Diamond Mine.—This mine is situated one mile below Ken-. 
mare on the east side of the lake, and has its approaches directly on 
the railroad. Its output is about 100 tons a day during the fall 
and winter. The company runs its lignite to a large coal shed, 
where it is dumped directly into box cars. The mine is worked 
double entry, room and pillar system. The walls are firm and no 
serious difficulty is experienced with water. A considerable area has 
been worked out, as is shown by the large quantity of coal 
shipped from the mine. The seam has a thickness of five feet, dips 
at the entry through a vertical distance of 
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eight feet until the floor of the mine is reached, where it 
remains horizontal. 

Analysis of the lignite shows the following constituents : 
From the top of the seam: PER CENT 

Volatile matter  ...................................................... . . . . . 37.24
Fixed carbon  ................................................................ 52.98

Ash  ................................................................................................. 9.78 

Total  .....................  .......................
Moisture  .....................................................................................  33.00 
From the center : PER CENT 

Volatile matter  ...............................................................  33 .77 
Fixed carbon   ........................................................................... 56.82 
Ash  .....................................................................................................  9 .41 

Total  ........................................................................................  100.00 
Moisture  .......................................................................  33.00 

Eighteen inches from the bottom : PER CENT 

Volatle matter  ............................................................... 36.38
Fixed carbon  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56.97
Ash '        . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.75

Total  ........................................................................................ 100.00
Moisture  ........................................................................................ 33.60

Har t  Min e . -Thi s  mine, but recently opened, is 
situated three-quarters of a mile 'below Kenmare, adjacent to 
the Diamond mine. The entry has been carried in about 100 
feet, showing a vein that measures four feet, dipping slightly 
to the east for the first forty feet in the entry and then 
raising again at about the same angle. An abandoned 
entry near this one shows that boulder clay was 
encountered. 

Smith -Kenrnare Mine,  Township 167, Range 88, Section 
7.- The Smith-Kenmare mine is located two and one-half 
miles north of Kenmare on the east shore of Lake Des 
Lacs. The mine is approached by a road running along the 
lake front, and by a spur from the Soo railroad. The output 
from this mine is largely shipped to points beyond the 
county, but local trade consumes a considerable amount. 
The output for the period May 1, 1901, to June 1, 1902, was as 
follows : Local, 2,000 tons ; shipped, 4,500 tons. Work is 
carried on continuously during the year, though during the 
summer repairs in and about the mine consume most of the 
time of the employes. Thirty men are worked from September 
1st to March 1st, or about seven months out of the year. 



The seam of this mine averages six feet, is quite uniform in 
texture from top to bottom, presenting faces of solid lignite at all 
points. There is some variation in chemical composition as shown 
by the following analyses : 

Sample from next to clay above the lignite : PER CENT 

Volatile matter  .............. 36.78
Fixed carbon  ................. . 55.55
Ash  .......................................   7.67

Total . .
• • • •  . . . . .  . . . . . .  100.00

Moisture     ...................... 33.20

Sample from point next to roof : PER CENT 

Volatile matter  ....................................................................... 39.90
Fixed carbon    ............................................................ 52.30

Ash  ................................................................................................. 7.00 

Total  ...................................................................................... 100.00 
Moisture   ....................................................................................................................
Sample from one foot below roof. PER CENT 

Volatile matter  ................................................................... 33.50
Fixed carbon  ................................................................. 55.25
Ash  ................................................................................................. 11.25 

Total  ........................................................................... 100.00 
Moisture  ...................................................................................... 32.60  

Sample of thin section in seam, selected because of its peculiar 
hardness : 

PFR CENT

Volatile matter  ............................................................. 33.41
Fixed carbon  ................................................................. 61.24
Ash  ................................................................................................. 5.35

Total  ........................................................................................ 100.00
Moisture     ........................................................................ 33.60 

The mine is worked by the room and pillar system, with 
ventilation obtained by an air shaft. The per cent of coal won 
from this mine is large, due to the firmness of the walls. The 
material above the seam is a very compact clay. It contains no grit 
and is said to be a good potters' clay. This company has other 
openings, not yet worked, between its present mine and Kenmare. 

Electr i c  Mine,  Township '160, Range 89. Section 12.-The 
Electric mine is situated directly opposite the Smith-Kenmare 
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mine on the Des Lacs lake. The mine is but a few rods distant 
from the main track of the Soo road, from which a spur is built. 
The past summer was partly consumed :n the installation of the 
electric plant, which furnishes not only light for the mine, but 
power to the drill and undercut machines. One Morgan-Gardiner 
undercut machine is now in use, which will undercut the lignite, 
removing material from a space six feet wide, four feet long and 
five inches thick, in three and one-half minutes. Four more of 
these machines have been ordered. The outside equipment is 
sufficient for an output of 500 tons of lignite daily, but during the 
summer one carload only, mainly from the entries, was the extent of 
the output. 

The seam measures between four and seven feet at this point, and 
shows a fairly uniform grade of lignite from top to bottom, as 
appears from the results of analyses, which are as follows : 

Sample four feet above floor : PER CENT 

Volatile matter  .............................................................. 34.41
Fixed carbon  ................................................................. 57.95
Ash  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.64

Total  ........................................................................................ 100.00
Moisture  ....................................................................... 32.90

Sample three feet above floor : PER CENT

Volatile matter  ............................................................... 36.56
Fixed carbon  ................................................................ 59.19

Ash  .................................................................................................. 4.25 

Total  ....................................................................................... 100.00 
Moisture  ....................................................................... 35.00 
Sample from bottom : PER CENT

Volatile matter  ................................................................. 34.44
Fixed carbon  .............................................................. 56.58
Ash  ................................................................................................ 6.98 

Total  ....................................................................................... 100.00 
Moisture  ....................................................................... 35.10 

Sample from top of seam : PER CENT

Volatile matter  ............................................................. 36.58
Fixed carbon  .................................................................... 56.87
Ash  ................................................................................................ 6.55

Total  ....................................................................................... 100.00
Moisture  ....................................................................... 34.80

The moisture represents practically the full amount in the 



lignite as it stands in place in the mine. After exposure to the air 
for three weeks it falls to 15 per cent. This is true of lignites 
throughout the state. 

This mine is worked double entry, and room and pillar, and 
ventilation is secured by a continuous fire at the base of an air 
shaft. The mine is comparatively dry, as but twenty barrels of 
water are pumped out in a day. In running the entry to this 
mine, a slip of twenty feet, with slickensides, was struck. (See 
figure 7.) The present mining is done twenty feet above the floor of 
the outside entry, and the loaded cars in their descent draw the 
unloaded to the top of the grade. The slip in this mine is a type of a 
very common occurrence in the mines along the river. Plate XXII 
shows the power house of this mine. 

Fleckteen's Mine, Township 161, Range 88, Section 31.—The 
Fleckteen mine is situated one and one-half miles above the 
Electric on the same side of the lake. Work so far has been 
done largely on the entry, which shows the same effect of slipping 
as occurs in the Electric, and also in the old Kenmare Hard Coal 
mine. One man is employed during the summer and four or five 
during the winter, with an output of about ten tons a day. The 
thickness of the seam is from four to six feet. The mine is 
naturally drained to the lake, but a pump is soon to be put in 
operation. An air shaft in the hill furnishes ventilation. Several •other 
old entries appear near this mine on the lake front. 

Evans Mine, Township 161, Range 88, Section 30.—This 
mine lies one mile above the Fleckteen mine on the same side of the 
lake. It has been in operation from September to January for the 
past four years. The annual output is from 1,000 to 3,000 tons, 
much of which supplies local trade. A new entry is being made 
and other preparations for a heavy fall and winter run. The 
mine is one-half mile from the Soo road. where a side track is 
provided for the use of this and other mines at this part .of the lake. 

There are two seams here, separated by a stratum of clay, 
one measuring three feet and the other five feet four inches. 

Des Lacs Coal and Brick Company.—This mine was the last 
one examined on this side of the river. The seam at this point 
measures five and one-half feet, with a roof and floor of sandy 
clay. The mine is comparatively dry, as the water can be re-
moved from the sump at the entry by operating the engine pump 
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a few minutes at a time as often as once an hour. It has as yet 
no ventilating shaft. The work is carried on by room and pillar 
method. The mine is furnished with a stationary engine, which 
will, in addition to the mine work, supply power for a brick ma-
chine as sobn as it is ready for operation. Dump from the mine is 
carried by a track to a tipple on the lake front. 

Smith-Jones Mine, -  Township 161, Range 88, Section 29.— 
This mine is located five miles above Kenmare on the east side 
of the lake. The operators have arranged, by the use of a stationary 
engine, to hoist their lignite on an incline from the mine at the 
foot of the hill to the level surface above, for the convenience of 
their customers. The neat little plant, costing about $2,500, 
promises to have a very considerable business during the winter. 
Four men are employed at present, and more help will be hired 
in the fall. The output during the summer of 1902 was five tons a 
day. 

The main entry has now been carried hack 300 feet under the 
hill. The seam of lignite here measures four feet six inches, with 
clay above and sandy clay below. The trade is mostly local, as the 
mine has no connection with the railroad as yet. 

The following is an analysis of a direct sample from this mine:. 
PER CENT 

Volatile matter  .................................................................. 35.43
Fixed carbon  ................................................................ 51.16
Ash     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.41 

Total  ....................................................................................... 100.00  
Other analyses which represent the mine more fully are given 

in the chapter on "Fuel Values of the Lignites." 
One outcrop, from which some lignite is removed during the 

winter only, was reported above this point on the lake. Other 
mines will doubtless be put in operation further up the lake as the 
local demand for fuel increases. 

THE GILLE-MILLER CENTER 
In the north central part of the county, above the Kenmare 

area, few if any outcrops of lignite have been reported, though 
its presence at some depth is shown by wells. At Bowbells a 
seam of lignite was struck at 102 feet. Two and one-half miles 
north of the same place a four-foot seam is reported at forty feet, 
and eight miles farther north one at eighty feet. Eight miles 
southwest of Flaxton, lignite is reported at a depth of twenty- 
two feet, and one mile north of the boundary, in the vicinity of 



North Dakota Geological Survey. 
Plate XX. 
Development Work at the Dakota Lignite and Brick Company near 
Burlington, August, 1902, 
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the Makee mine, at twenty feet. In general, wells that penetrate 
far into the Laramie clay pass through several seams of lignite of 
variable thickness. 

Paying quantities of lignite that can be conveniently worked 
with simple appliances are restricted to the northwestern part of 
this portion of the county. The most productive belt of mines or 
outcrops lies along a bench two to five miles north of the hills and 
running parallel with them; and in an extension of the bench 
to the north, along the creeks that drain the area to the Mouse 
river in Canada, some good mines are found. The belt probably 
extends far over into Williams county. Besides eighteen outcrops 
actually visited, several others were reported on good 
authority from within the area. It is also probable that lignite 
will be found at many new points along the edge of the hills and 
in the valleys of the creeks, and very shallow prospecting would 
probably be repaid by the discovery of heavy seams in convenient 
locations. Due to the very abundance of the local openings and the 
great distance from a railroad, the extensive supplies of fuel from 
this area will probably not he worked in a systematic way for some 
time to come. 

The outcrops here, as in the Des Lacs valley, are due to 
stream work. The small creeks that flow to the sloughs pass 
nearly at right angles across the bench-like remnants of the 
Laramie, which project , from beneath the hills, and the lignite 
is revealed at almost every pass. The map of this county shows 
this  bench fac ing the s loughs ,  and the s treams cutt ing 
through it from the south. Toward the east the bench merges 
into the rolling, drift-covered section west of Bowbells, and out-
crops were not seen nearer than ten miles of that place. Outcrops 
are also reported from points south of the bench in the coulees 
where streams are cutting back into the hills ; this is where the 
lignite should be found. 

At every one of the outcrops shown on the map, excepting the 
one in the hills, which was not seen, quantities of lignite varying 
from a few loads to hundreds of tons have been removed. In no 
case does the seam .lie more than forty feet below the surface of 
the bench or creek bank, while in several it lies practically on the 
surface, or can he laid bare by the removal of a few feet of dirt. 
The opening shows a good grade of coal where it has not been 
too much weathered. The various outcrops of the section will not 
be described in detail, since they are fairly well 
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represented by the two mines which are regularly worked, and 
which are described in the following paragraphs. 

Gille-Miller Mine, Township 162, Range 93, Section 20.— 
This mine is located eighteen miles west and four miles south of 
Flaxton. The claim was owned and operated some years ago by Mr. 
Gille, but is now in the joint possession of Mr. Gill and Mr. 
Miller, while the pit is leased to Mr. Booth, who is both manager 
and miner. Lignite is sold at the mine for 80 cents a ton, to 
farmers who load their wagons from the loosened material. The mine 
has a good name, and its reputation is due partly, no doubt, to the 
fact that the seam lies so conspicuously on the surface. An eleven-foot 
seam is exposed by the removal of a few feet of clay with the 
scraper. Wagons are backed down upon the lignite surface, the 
bottom of which has not yet been reached in the pit. The seam has 
been partly burned out, forming a gulch-like opening an acre or two 
in extent, that contains a very dangerous quicksand bog. Grass 
covers the hardened places in this bog, but numerous holes occur 
filled with a watery mixture of clay and ashes, where a horse or 
man will sink out of sight. The bog is due to the drainage from the 
rim of lignite that partly surrounds it. 

No difficulty is met in mining except that water settles down in 
the pocket between the slightly inclined surface of the coal and the 
clay bank, but this is easily removed by using a pump for half an 
hour a day. 

The analysis of a dried sample from the mine is as follows : 
PER CENT 

V o l a t i l e  m a t t e r      3 4 . 1 9  
Fixed carbon ......................................................................  60.12 
Ash  ........................................................................................................  5 .69 

Total  .......................................................................................  100.00 
The analysis from the opening called the Sorensen mine, Township 

162, Range 92, Section 32, is as follows : PER CENT 

Volatile matter  .................................................................  34.12 
Fixed carbon  ........................................................................  60.95 
Ash  ......................................................................................................  4 .93 

Total  .......................................................................................  100.00 
Several other openings near the Gille-Miller mine have locally a 

very good reputation for the quality of their lignite. 
Openings from which the thickness of seam is taken partly on 

report are as follows : 
Paul Shurman, claim adjacent to the Gille-Miller mine. Seam four 

to six feet. 



Catrina Vick, claim one mile west of Gille-Miller mine. Seam four 
to six feet. 

E. R. Domrosse, Township 162, Range 93, Section 29. 
S. Messinger of Bowbells, on Township 162, Range 93, Section 

29. 
Several openings here show the seam to be from three to five feet 

thick, lying from seven to twelve feet below the hill level. 
On Township 161, Range 91, Sections 6 and 1, a vein of lignite 

was reported as eight feet thick. 
Beavert mine, Township 161, Range 91, Sections 6 and 1, seam six 

to eight feet thick. 
Opening on Township 162, Range 91, Section 35, seam eight feet 

thick. 
Opening on Township 162, Range 91 Sections 4 and 27. Reported 

to be poor. but the seam is probably surface weathered. 
Makee Brother's Mine, Township 164, Range 93, Section 31.— 

This mine is located about ten miles west of Portal, in Short creek, 
twenty rods south of the international boundary line. It has 
been operated by the Makee Brothers of Portal since July, 1900. As 
at the Gille-Miller mine, one man can do all the work necessary for 
the summer output, while more help is employed during the fall 
and winter. 

The entry of the mine is ten feet above water level in the 
creek and the same distance below the prairie surface. The overburden 
increases in thickness to the west of the creek valley, becoming as 
much as thirty-seven feet some distance from the entry, as shown at 
the air shaft. 

The seam is here broken by two clay layers a few inches 
thick, the lignite aggregating five or six feet in thickness. 
Light timbering is necessary, and mining is carried on in room and 
pillar style. The vein is found to dip down toward the southwest. The 
area mined out shows that a large amount of coal has been removed. 

The .Makee mine is situated ten miles north of the GilleMiller 
mine, and about six miles south of the Roche-Percee mine, in 
Canada. Outcrops occur along the north-south line at many places, 
but it is at present impossible to correlate the seams represented, 
because no definite elevations have been determined in the western 
part of the county. The several out- 
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crops along Short creek south of the Makee mine show a good 
quality of lignite. A seam is struck in a well at twenty feet, one 
mile from the boundary north of the Makee mine, presumably the 
same seam. 

M I N E S  S O U T H  A N D  S O U T H E A S T  O F  M I N O T  

At the present time the southeastern part of Ward county is 
not well known as a mining center, though it is safe to s gay that 
before the winter has passed a rather large amount of l ignite 
will be removed from the area. Reports of lignite have come in 
from nearly every one of the large coulees tributary to the Mouse in 
this area, but so far it has only been seen in but four places. Its 
occurrence in these few places, however, is of such a nature as to 
render likely its presence in others. All of the outcrops except one 
were found on the west side of the Mouse river. 

In the broad prairie, for a distance of from twelve to fifteen 
miles west of Sawyer and Velva, the streams have cut their way 
back to the foot of the hil ls .  The l ignite outcrops observed 
were between three and four miles from the hills in the upper 
part of these coulees, where they are from forty-five to seventy 
feet below the prairie level. In the case of the Hanchette mine, 
the elevation above the bottom of the draw was about fifteen 
feet ; in the Turtle Gulch mine, the bottom of the seam was at 
creek level. The De Pue opening was not seen, but it lies, pre-
sumably, in a similar .  position. The covering of the seam is boulder 
clay, a fact which leads to the inference that the natural clay overlying 
the coal was entirely eroded away by waters or ice, or both, and the 
till deposited in its place. Whether much of the lignite was carried 
away, with the clay cannot be determined, but the thickness of the 
seam remaining is considerable. In passing to the north in the 
direction of Minot, the seam apparently lies under a greater cover of 
material. If correlations could be trusted, it would be safe to say that 
the depth of the covering increases gradually from forty-five feet, in 
Township 151, to the north, as far as Des Lacs, where it is 336 feet. 
Little mining has been done in this area so far, and that for local 
use only. 

Hanchette Mine, Township 152, Range 81, Section 29 (see 
plate XXIII).—This opening has been leased for the season, and 
work in stripping the surface had begun when the mine was 
visited. The seam measures eleven feet here, the lower eight 



feet being solid coal, while the upper three feet is more or less 
weathered. At the point where mining is begun, the cover has a 
thickness of ten feet, consisting of boulder clay. The following is 
the analysis of a dried sample of the lower eight feet : 

PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.14 
Fixed carbon  ................................................................... 53.60 
Ash 6.26 

Total  ............................................................................................. 100.00  
Turtle Gulch Mine, Township 152, Range 82, Sections 11, 15, 

2.—The opening is situated eleven miles from Velva, and between 
seven and eight miles from Sawyer. It is seven miles north of the 
Hanchette mine, and two miles northwest of the De Pue opening. It 
is probable that these openings all represent the same seam. 

The outcrops of the Turtle Gulch mine extend for a mile or 
more along the coulee, at a depth of seventy feet below the 
prair ie level ,  with a covering of boulder clay.  At the point 
where the mine will be operated, there are four large entries 
that show a thickness of from eleven to fourteen feet of lignite. 
From these openings thousands of tons of lignite lave already 
been removed, for mining has been carried on intermittently for 
fifteen years. The vein is practically solid, no soft coal or clay 
seams appearing anywhere. Some of the openings are so large 
that a wagon can be backed into them to be loaded. A sample 
shows the following analysis : 

PER CENT

Volatile matter  .................................................................. 37.20 
Fixed carbon  ................................................................... 53.78 
Ash   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.02 

Total  ............................................................................................. 100.00  
The reported outcrops from the De Pue mine, and also from an 

opening in the State University land, in Township 151, Range 81, 
Section 1, are said to show similar conditions, both in respect to 
position and to thickness of seams. 

The area worked in this outcrop is not less than a township, 
and accordingly the district ranks with those of Burlington and 
Kenmare in the amount of lignite contained. The only disad-
vantage of mining here as compared with the latter areas is the 
comparatively long distance from the railroad. 

Other outcrops at greater depths in the coulees northwest of 
these mines were reported at points to within four miles of Minot. 
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Reishus Mine, Township 154, Range 82, Section 33.—This 
mine, four miles below Minot, is one of the very few outcrops 
noticed on the east side of the Mouse river. The seam, with a 
thickness of between two and three feet, lies exposed eight feet 
above low water on the bank of the Mouse river. Lignite is 
removed on demand at all times during the year, the total output 
being considerable. The mine has been in operation about t 
year. 

LIGNITE ON THE MISSOURI AND ITS  TRIBUTARIES IN WARD COUNTY 
The area here discussed is equivalent to that part of the 

county referred to earlier in the report as the plateau belt. It 
includes the valleys of the three streams—Shell creek, Little 
Knife river and White Earth creek—lying within the county, 
and a small area in Williams comity in the vicinity of Hofflund and 
Nesson, together with the north bank of the Missouri river f rem 
Nesson to Fort Stevenson reservation. Lignite bearing clays are 
more exposed in this area than east of the hill, and consequently 
furnish a large number of outcrops which are so abundant that the 
casual observer might be excused for carrying away the impression 
that the whole region is underlain with a half dozen seams of 
coal. But aside from a few cases the thick ness of the seams 
represented by the outcrops. is not greater than the average. 

The bluffs along the Missouri bounding this area on the south are 
between 300 and 400 feet high, and, as would be expected, show 
the longest continuous exposures of lignite seams. The valleys of 
the tributaries of the Missouri are cut in the horizontal strata to a 
depth of from 100 to 300 feet, and have bare, steep faces that are 
also extremely favorable for outcrops. The  undercut t ing  
tha t  loosens  the  c l ay  in  the  banks  a t  the same time 
undermines the seams of lignite, thus preserving the fresh 
appearance. In the following outline only a few of the numerous 
openings can be mentioned and these very briefly. No extensive or 
continuous mining is carried on in this area, so far as known. 

Shell Creek Valley.—The first mine found here, near the head Iof 
the valley, had the attractive name of Pleasant Valley Coal mine. 
An office building sets off the otherwise bare site and gives to 
the place a business like appearance. The seam is located in a 
coulee one mile from the main valley, in Township 155, Range 
89, Section 30. The bottom of the seam lies at the 
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level of the creek. Six feet of lignite are in sight, and it may 
extend two or three feet further down. The roof is of clay, inter-



bedded with coal, while a clay seam runs through the lignite 
eighteen inches from the top. Lignite is taken for local use. A 
dried sample gives the following analysis : 

PER CENT
Volatile matter . . . . . . . . . . . . . . . . . . . . .  39.89
Fixed carbon  ................................................................. 55.09
Ash  ................................................................................................ 5.02

Total  ....................................................................................... 100.00 
From the woody, brown appearance of the coal it was not 

expected that the analysis would show so high a per cent of 
carbon. 

Five miles farther down the creek, in a similar position in 
another coulee, is another outcrop with about the same dimensions 
and characteristics. In this case, as in the one above mentioned, the 
lignite had been laid bare by lateral cutting of the creek. One 
peculiarity of the last named outcrop was the fact that its roof was 
at one end Laramie clay, and at the other boulder clay containing 
fragments of lignite. 

Analysis of a dried sample from this opening in Township 154, 
Range 88, Section 33: 

PER CENT 

Volatile matter  .............................................................. 39.41 
Fixed carbon  ................................................................ 57.52
Ash  ................................................................................................ 3.07 

Total      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   100.00  
The school section, four miles below the last outcrop, in Township 

153, Range 88, Section 16, facing the main valley, was mined for 
lignite during the past winter, as shown by the opening. 

Other openings were noticed at the following points : 
On Guy Frank's ranch, Township 153, Range 89, Sections 28 and 

29. 
At Sanford's ranch, Township 153, Range 91, Section 28. 
At Foster's ranch, Township 153, Range 90, Section 17. 
Much lignite is reported from the west fork of Shell creek. 
Little Knife River.—The outcrops along this stream though 

numerous  showed no great  th ickness .  Near  Mr .  S ikes '  
ranch, ten miles south of Stanley, a seam of seven feet was re- 
ported, though a slip so obscures the outcrop that the seven-foot 
face was not seen. A seam twenty inches thick was struck in 
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Mr. Sikes' cellar. A specimen from it gave the following analysis:
PER CENT 

Volatile matter  .............................................................. 42.68 
Fixed carbon  ................................................................. 47.55
Ash  ........................................................................................................... 9.77 

Total  ...................................................................................... 100.00  
Between Mr. Black's ranch at the mouth of the Little Knife and 

Mr. Sikes' ranch the following outcrops were noticeable either for 
their thickness or for convenience of position : 

Township 153, Range 92, Section 22. The seam appears at the 
level of the creek, showing from two to three feet of lignite. 

Township 153, Range 92, Section 19. On David Hawkins' 
ranch, a seam forty feet above the creek shows from two to three 
feet of lignite. 

One mile up the valley from Mr. Hawkins' ranch a seam thre..- 
feet -firkk outcrops at the creek level. 

Mr. Gibbs, located on Township 154, Range 92, Section 31, 
obtains his fuel from the hills near by, where the seam is three feet 
thick. 

Between Mr. Gibbs' and Mr. Sykes' ranch, the lignite outcrops 
in several places, but no seam of greater thickness than three feet was 
seen. 

Andettgon Mine, Township 155 Range 92, Section 13.—Half 
way between Mr. Sykes' ranch and Stanley, the presence of a 
seam of fair thickness and convenient surroundings gives promise of 
a considerable mining activity for the future. Two claims Piave 
been filed on mining land near this point, one by Mr. Anderson 
of Stanley and the other by Mr. Alger of the same place. 

The Anderson mine lies about four and one-half miles south of 
Stanley, on the west side of the valley. In September a seam 
measuring six feet had been uncovered, with indications of a greater 
thickness. The point is well chosen for a mine, inasmuch as it lies 
at the edge of a draw nearly on a level with the road,- about thirty 
feet above- the river. The approach is easy, and water will occasion 
little if any trouble. 



North Dakota Geological Survey. 
Plate XXI. 
Tipples of the Smith-Kenmare Mine. 
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Mr. Alger's mine lies in a similar position in another draw. 
The following is the analysis of a dried sample from the Ander:son 
mine : 

PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38.40 
Fixed carbon    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50.95
Ash  ....................................................................................................... 16.65 

Total     .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.00 

Sample from the Alger opening:  
PER CENT 

Volatile matter  .................................................................. 35.57 
Fixed carbon  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49.63 
Ash  ....................................................................................................... 14.80 

Total  .............................................................................................. 100.00 
 

White Earth Creek.—White Earth creek flows due south for 
thirty-two miles, with a fall of between seven and ten feet per 
mile. Its valley furnishes a range of 300 feet in the elevation of 
the seams of lignite. No remarkable thickness of seam appears 
anywhere, but almost every outcrop would furnish lignite in paying 
quantities were it near a market. 

The map of the county shows the approximate location of the 
•outcrops. 

But few claims have been filed in the valley, as the demand for 
the lignite is small, each ranchman having his own mine. 

Paul Renwle has a claim four miles north of White Earth, and 
it is reported that there is a claim filed on openings one and a half 
miles, and again at eight miles above the same plate. 

Analysis of a dried sample from an opening eight miles north of 
White Earth in the valley, from a point one mile southeast of 
'0. Johnson's ranch : PER, CENT

Volatile matter  ................................................................... 36.94 
Fixed carbon    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56.51
Ash   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.55 

Total     ..................................................................... 100.00 
 

A good sized spring issues from this mine, but its position 
above the creek would permit a ready drainage. The same seam 
outcrops at several places near by, and two other seams of small 
dimensions appear above it. Other outcrops appear at several 
places between Renwle's mine and White Earth. 
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In the valley south of White Earth, from an opening on the 
school section in Township 156, Range 94, Section 16, some 
loads of lignite have been removed. Further down, on Sections 
21 and 22, Mr. E. T. Williams has opened a seam that shows a 
thickness of from four to five feet. A large stream of water, 
which must occasion some difficulty, flows away from the mine. 
Otherwise mining here would be easy, since the seam is overlain 
with but a few feet of Clay and is easy of access. The same 
vein outcrops at several places within a half mile of this 
opening. 

Analysis of dried lignite from the seam opened by E. T. Wil-
liams : 

PER CENT
V o l a t i l e  matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.59
Fixed carbon  ................................................................ 44.49
Ash  ............................................................................................... 23.92

Total    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.00
 

Two miles farther down the stream, Mr. M. S. Williams has 
several places from which he may take his fuel, one seam having a 
thickness of eight feet. A three-foot seam was discovered in 
digging a root cellar about sixty feet from his woodpile, by the 
house. Four miles below this point, in the vicinity of Mr. Boyd's 
ranch, several openings occur where the seam is five or six 
feet thick. 

The outcrop from which Mr. Boyd gets his fuel shows the 
following analySis. Lignite dried before analyzing: PER CENT

Volatile matter  .................................................................. 37.85
Fixed carbon  ................................................................ 55.18
Ash  ................................................................................................. 6.97 

Total  ........................................................................................ 100.00  
This opening is situated in Township 155, Range 94, Section 

27. At this point two seams outcrop, the lower being five feet 
thick, the upper, ten feet above, three feet thick. The hill rises 
200 feet above the coal. The clay below the lignite is a fine 
grained, light gray clay, similar to the clay seen in so many of 
the mines along the Des Lacs valley. The top layer is also clay, 
and just at its lower face lies a thin seam of pyrites of iron and 
gypsum. The last named substance occurs at many of the out-
crops and in a similar position. A mile and a half above this 
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point, on the creek, in Township 155, Range 94, Section 15 or 16, 
at about the same level, a seam shows the following section: 
  FEET INCHES 

9. Yel low clay     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   20 
8. Bluish clay  .............................................  3
7. Compact yellow clay ..............................   10
6. Lignite  ...................................................  10
5. Yellow clay  .............................................   10
4. Lignite  ...................................................  2
3. Light gray clay ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5
2. Lignite  ...................................................  5
1. Clay to creek level  .....................................  8  

The seam below Mr. Boyd's ranch passes through the hill and 
reappears in the next bend on the stream, a half mile farther down in 
a direct line, as Mr. Gilman's mine. 

Hofflund, Nesson, Beaver Creek.—On Beaver creek, three miles 
above Hofflund, there is an opening from which a local supply of 
coal is drawn. 

The analysis of the Beaver creek sample shows it to be of very 
fair quality and low in ash. Dried before analyzing: PER CENT

Volatile matter  .............................................................. 38.34 
Fixed carbon  ................................................................. 57.97
Ash  ........................................................................................................... 3.69 

Total  ...................................................................................... 100.00  
This mine is situated in the north bluff of the old valley 

previously mentioned in the text, extending between White 
Earth creek and Hofflund. The entry has been carried in thirty- 
five feet, showing a seam of lignite ten feet thick, lying between 
a light gray clay above and a darker clay below. The entry is 
so low that about four feet of the seam is covered with water while 
the creek is at its highest level. The mine is opened only to 
supply a local demand, and situated as it is, thirteen miles from 
the nearest railroad station, the output will be small for some time to 
come. 

On the opposite side of the valley, Mr. Hanson has an opening 
located at the top of the bluff overlooking the Missouri. Het e 
the seam, four or five feet thick, lies but a few feet below the 
drift covering the hit. From Hofflund to Nesson postoffice an 
accumulation of gravel and alluvium along the river terrace 
obscures all outcrops, except one in the bank at Mr. Wescott's- 
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farm. This opening lies at the base of the gravel terrace which 
rises 100 feet above it. The seam is small and but little lignitP has 
been removed. 

Three miles west of Nesson, in a bluff facing the Missouri, a 
seam of lignite eleven feet thick occurs at a height of 250 feet. 
Farmers get their fuel from this seam by scaling the bluff from 
the rear and rolling the blocks of lignite down the steep slope to the 
river level. 

A dried sample from this seam shows the following analysis : 
PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.09 
Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   60.38 
Ash   ............................................................................................................. 3.69 

T o t a l    1 0 0 . 0 0  
Hofflund, Grennell, Chilcot.—In the steep face of, the bluffs 

between Hofflund and Chilcot from one to eight seams of lignite are 
almost constantly in view. At Hofflund post office the black streaks 
alternating with the gray and yellow clay and the red burned clay 
that caps the bluffs, present a very pretty as well as striking 
illustration of the fact that conditions favorable for the formation 
of the lignite occurred only at intervals through a long series of 
years. At this point the seam remains nearly uniform in thickness 
for two miles, except where a three-foot seam thickens over a 
small area to six or seven feet. The seams that appear at Hofflund 
were seen again several miles below, but at most points the 
presence of a lower series of bluffs obstructs the view. From 
Grennell on down the river for three miles a bank of drift forty 
to sixty feet high hides the lower half of the bluffs of the Laramie 
strata, but where the bluffs again come into view seams of lignite 
two to four feet thick are seen. These continue in about the 
same elevation for several miles farther. At points fire has burned 
out the coal, as is shown by the red, brick-colored clays and the 
usually rough surface. Some of the lignite is so accessible that wagons 
can be loaded without driving off the road. The following is the 
analysis of a dried sample from a point three miles below Grennell : 

PER CENT

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43.04 
Fixed carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51.60 
Ash   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.36 

Total  ............................................................................................. 100.00 



North Dakota Geological Survey. 
Plate XXII. 
Power House of the F,lectric Mine at Kenmare. 
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Near this place and at nearly the same level, many petrified 
stumps having a diameter  of  from three to f ive feet  appear  in 
places. 

Fur ther  on ,  for  severa l  mi les  on  e i the r  s ide  o f  the  mouth  of 
the White Earth, terraces of drift  hide the lower fif ty to sixty feet 
of the bluffs, but recent sl ides and the channels of spring streams 
open up l ignite '  a t  numerous points .  Just  back of  the Chilcot post 
office a seam of fair dimensions furnishes Mr. Hanna, t h e  
p o s t m a s t e r ,  w i t h  h i s  w i n t e r  f u e l .  B u t  t h e  d r i f t  o n  t h e  prairie 
upland and in the terrace hides most of the l ignite for a mile  
above and below Chilcot .  Several  seams again come into  v i ew a t  
the  g roup  of  bu t te s  t h r ee  mi l e s  wes t  o f  L i t t l e  Kn i fe  river. 

Fort Berthold, Indian Reservation.—One and a half miles 
southeast of Mr. Black's ranch, at the mouth of the Little Knife 
river, there is a seam six to eight feet thick, from which consid-
e rab le  l i gn i t e  has  been  taken .  Th i s  open ing  i s  a t  t he  no r th -
western corner of the reservation and seventeen miles from the 
neares t  Ind ian  se t t l ement  a t  Shel l  c reek .  Between these  two 
points the area within the big bend of the Missouri is so com-
pletely drift-covered that there is little chance of seeing outcrops of  
l ignite,  except along the banks of the river i tself .  Mr. Hoffman, 
who is in charge of the Shell creek mission school, reports lignite at 
points five miles west of the school, and also near the mouth of Shell 
creek. 

Five miles east of the mission, at a point where the Missouri i s  
undermining the bluffs  very rapidly ,  several  th in seams of  l igni te  
appear .  Again ,  for  n ine mi le  far ther  on ,  dr i f t  and ter races obscure 
all outcrops within two or three miles of the river, though in .the 
upper levels of the clays to the northeast of the road traces of lignite 
were seen. 

Four miles northwest of the agency at Elbowoods, and again 
three mi les  nor th  and eas t  of  i t ,  severa l  outcrops  show a fa i r  
grade of lignite, the seam ranging from two to eight feet in thickness. 

In one coulee at Elbowoods eight distinct seams, shown in 
f igure  10 ,  were  counted  in  a  b luf f  about  100 fee t  h igh .  Three  of 
these seams, aggregating eight or nine feet,  may be mined as one. 
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The following table gives the mines and banks in Ward county from 
which lignite is taken, in alphabetical order. By noting the value of 
machinery and equipment the amount of development in each 
case can 
readily be determined . 

MINES AND BANKS IN WARD 
COUNTY. 

Mines 
and 

Openings 

Number  of  
Men 

Employed 
Summer 

and 
Winter  

Wages Paid
Summer 

and 
Winter  

Part  of  the 
Year Mine 

in 
Operation 

Output of  
Mines Per 
Diem Sum- 

and 
Uvignatner 

Value of
Machin- 

ery 
Equip" ment 

ick- 
Thick- ness of 
t he  
Seam 

App
imate 

E leva t i
of  Se
Ab ove  
Sea Lev

1—Anderson 
155-92-13 

- ' •  R e c e n t l y
opened . . • . • • . . . .  6 to 7 feet 2,000

2—Beavert 
161-91-16 

- - - - - - - - - - - - - -  

. . . . .  . . . . . . . . .  Occasion- 
ally 

   1.750 
1,8

3—Colton* 
155-83-18 

     10 to 11
feet 1,630

4—Carroll 
Brothers 
158-85-28 

Summer, 3 
Winter, 30 

S u m m e r ,  
$1.75-$3 

C on ti nu - 
ously 

5-50 tons per 
day 

$ 2 , 5 0 0

 
3 to 5 feet 1,720

5—Dakota 
Lignite & 
Brick Co. 
155-83-18 

6-8 at time 
mine was 
visited , 

$2-$2.50 Coal not yet 
reached ' ..... '' '  • • .. $2 500 

, 
, 

10 feet 
1,630

6—Diamond 
Kenmare  

Fall and win-
ter, 15-25  C o n t i n u -  

ously 
Ian, winter,

100 tons per 
day 

$4,000 5 feet 1,7

7—Des Lacs* 
Des  Lacs      $2,000 to 

$4,000 11 feet 1,590

8—Des Lacs 
Valley 

Coal Co. 
156-84-31 

Summer, 6-7;
winter, 25 

Entry, $1; 
room, 70c 

C o n tin u - 
ously 

 Summer, 15 
tons a day; 
winter,  70 
tons a day 

$1,000 10 feet 1,630 
1,6

z 

ro 
0 to 

0 
hi 

6 
0 
z 
0.< 



MINES AND BANKS IN WARD COUNTY—Continued. 

Mines 
and 

Openings 

Number of
• Men 

Employed 
Summer 

and 
Winter 

Wages Paid
Summer and
Winter, En-
try and for

Room 

Part of the 
Year Mine 

in 
Operation 

Output of 
Mines Per 
Diem Sum- 
mer and 
Winter 

Value of 
Machin- 
ery 

Equip- 
ment 

thick- 
ness of 
the 

Seam 

Appr
imate 
Elevati
of S
Above  
Level 

9—Des Lacs 
Coal & 

Brick Co., 
five miles 
above Ken- 
mare 

Summer, 3-4; 
winter, 15-20 

Entry, $1;
room, 90c 

Continu- 
ously 

Winter, 40 to 50 
tons a day $2,000 5% feet 1,790 

10—DePue 
152-81-27 2-5 $2 

R e c e n t l y  
opened for
business 

 W. t 10 to
inter , $5 11 feet 1,580 

1,60

11—Electric 
160-89-12 

S u m m e r ,  
10-20; win- 
ter, 90-100 

70c per ton C o nti nu - 
ously 

 Summer, 25
tons; win-

ter, 300 to
500 tons 

$20,000 to 
$30,000

o 
4 t 7 feet 1,790 

12—Evans 
161-88-30 

Summer; 2-3; 
winter,10-15   .

 Continu- 
ously 

(1,000 to 2,000 
t o n s  p e r  
year) 

$100 4 to 8 feet 1,790 

13—Fleckteen 
161-88-31 

Summer, 1-3;
winter, 5 

 Continu- 
ously 

W i n t e r ,  1 0  
tons $50 4 feet 1,190

14—Lille Mil- 
ler, 162-93-20 

1 
1 

shares 
profit 

Cont inu  -  
ously 8 to 10 tons $25 11 feet 1,800 

15—Honeywell 
155-85-12 

2 
Mine leased

by laborers
No output 

yet   ......................... 8 to 10 ft. 1,600 

16—Hanchette 
152-81-29 2-5  Recent ly  

opened for 
business 

• 
Winter, 10 to
20 tons 

$5 11 feet 1,580 
1,60

 

rn 
O 
B 
C hi 

C -3 0 C 

17—Kenmare    160-88-
32

Hard 
Coal

  



    Burlingt
on

18—
Klond

  

158-
87-5 

   19—
Leigh-

own mine
Ericson

  

  20—
MouseRiver Lig-nice Co155 84

  
to 25;

  

  21—
Messing
er

   Winte
r

 

 22—
Makee 

  Bros.    

23—
Norstro

 156-
85.32

 Summe
r, m

Rinos   

    24—New Era20 to 25155-84-5
yet t yplete   

155-
89-

  Valley5
to 7 

  25—
Pleasa

tent  

      1 to 2   

 157-93-
18

  27—Renwle* 
   

155-
83

   28—
S di

   

 e to 6; win- 156-84-19ter 10

 Summer, 8 to
.?9-

   



MINES AND BANKS IN WARD COUNTY—Continued. 

Mines 
and 

Openings 

Number ofen MM Employed E l d 
Summer 

and 
Winter 

Wages Paid 
Summer and 
W i n t e r ,  E n -  
try and for 

Room 

a r  o f  t h e  
P a r t  

Year Mine 
in 

Operation 

of 
M i n e s  
Diem Sum- 
.mer and 

Winter  

Value of Mhi Machin- 
cry 

Equi p" 
ment 

Thick- 
ness of 

the 
Seam 

Approx-
imate 
E leva t io
of  Se
Ab ove  
Sea Lev

30—Swartz x 
159-88-32 

Summer, 3; 
winter,10-20

Entry, $1;
room, The 

C o n t i n u- 
ously 

.. 
" '  **** " ' •

(100 
•"' 

4 to 5 feet 1,790 f

31—Smith- 
Kenmare  
167-88-7 

Sept. 1 to 
March 1, 50

Entry, $1;
room, 70c 

C on t i n u- 
ously 

Aug. to June, 
1902, 6,500 
tons 

$2,000 6 feet 1,790 f

32—Smith- 
Jones 

161-88-29 

4 
Entry, $1.25;

room, $1 • 

C o n t i n u -  
ously since 
opening 

5 'to 30 tons $2,500 41/2 feet 1,790 f

33—Turtle 
Gulch,

 
152- 

82-15; W.

Not opened 
when vis-  .

ited 

   
... .  .........  

11 to 14 

feet 1,000 f

34—Sorenson* 
162-92-32 

• ... . • • • " 
. . . . . . . . . . . .  . ... .  3 to 7 feet 1,800 f

35—Hart Mine 
Kenmare   . . .. . . .  3 to 4 feet 1,790 f

*  Mines  abandoned .  x  S lyer  Vein  coa l  mine .  

0 
H P1 
O t=1 

O 

9 
0 H 
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Part of an Eleven-Foot Seam Ten Niles Southwest of Velva; the Hanchett 
Mine. 
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LIGNITE DEPOSITS OF MORTON COUNTY 
FRANK A.  WILDER 

Topographic conditions in this county greatly favor a study 
of the lignite. The Missouri and Cannon Ball rivers bound it 
on the east and south, while the Heart river crosses it near the 

center from east to west. Sections through a consider- 
able thickness of .Laramie clays, therefore, are 
abundant. The older drift which covers most of 

the country conceals the underlying formations but sl ightly.  
The county is crossed near its northern boundary by the 
Northern Pacific rail- 

road, and a fair opportunity is offered for ship- 
ping the lignite in which the county abounds 
to portions of the state less favored in this 

respect. 
The Mine of the Consolidated Coal Company at New Salem.—

This is the largest 
mine in the county and an extensive pro- 
ducer of good coal. Although opened up 
only in the spring of 1901, its output for 

the year, from July 1, 1901, to July 1, 
1902, was 10,000 tons. During the present winter the output will 

be double that of last year. 
The mine is situated on a hillside, one mile from the town of New 

Salem. The entry runs into the hill, follow- 
ing the coal . A uniform double 
entry and room and pillar system 

of mining is being developed. The 
seam mined is six feet thick, in- 
cluding a two-inch clay seam, all 

of which is removed, the stiff clay   a b o v e  f o r m i n g  a  
s u b s t a n t i a l  r o o f .  No water has as yet been encountered, 
and if it develops as mining progresses, conditions for drain- 



 
Fig, 10.—Section showing lignite seams at Elbowoods, on the Indian reservation, 
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age are favorable. The lignite shows a slight dip toward the 
southeast. 

The quality of coal from this mine renders it popular for use in 
stoves, while the mine of the same company at Lehigh, in Stark county, 
supplies their patrons with steam coal. 

The men receive 60 cents a ton for pick work in rooms and 
$2.50 a yard for running entries. Practically all of the mining is done as 
piece work. 

Analysis of the lignite from this seam shows : 
PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.66 
Fixed carbon  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53.86 
Ash   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.48 

Total     ...................................................................... 100.00 
Moisture .......................................................................... 27.48  

Other Lignite Banks About New Salem.—Three miles east of 
Sims and about an equal distance south of New Salem, in Township 
138, Range 85, Sections 4 and 5, considerable quantities of lignite 
are won by stripping. At the first bank visited only the upper part 
of a seam said to be seven feet thick was visible. A little farther 
on a second bank was found which showed six feet of good lignite. 
This seam is about eighty feet below the average upland level. In 
Township 139, Range 85, Section 32, just south of the banks 
mentioned. above, a large bank of good lignite, five feet thick, is 
operated, the annual output amounting to 2,000 or 3,000 tons. 
The coal is won by removing from fifteen to twenty feet of 
overlying clay. In Sections 34 and 35 of the same township, a seam 
six feet thick, apparently the same as that exposed in the banks just 
described, is mined for local use. The seam at the New Salem mine 
appears to be somewhat higher than the lignite in any of these 
openings, but the observations made were not complete enough to 
decide whether it represents an independent seam. 

In Township 138, Range 85, Section 8, a twelve-loot seam of 
lignite is reported by Mr. W. H. Mann. Six feet of l ignite 
Occur in Township 139, Range 85, Section 31, on the land owned by 
Baron E. Von Stoltefoot.  Just east of Sedalia,  on the 
Northern Pacific railroad, in Township 139, Range 84, Section 29, 
five feet of lignite is exposed, while in Section 4 of the same 
township the same seam, or at least lignite of the same thick- 



North Dakota Geological Survey. 
Plate XXIV.. 
Mine of the Consolidated Coal Company at New Salem. 
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ness and about the same level occurs. Other seams reported by 
Mr. W. H. Mann, of New Salem, as occurring about New Salem, are 
as follows : 

LOCALITY THICKNESS 
T o w n s h i p  1 3 8 ,  R a n g e  8 5 ,  S e c t i o n  2 8      N o t  k n o w n  
Township 139, Range 85, Sections 34 and 35 6 feet 
Township 139, Range 87, Section 9 or 10  . . . . . . . . .   6 feet 
Township 139, Range 87, Section 1 .................................. 6 feet 
Township 141, Range 86, Sections 3 and 11  .........  5 feet 
Township 141, Range 86, Sections 33 and 36  .........  6 feet 

Lignite in the Vicinity of Sims.—The country around Sims is 
strongly rolling, and although it is crossed by no large streams, 
exposures of l ignite are common in the hills. Hailstorm creek, a 
tributary of Big Muddy creek, which in turn empties into the Heart 
river, flows through a hollow which the Northern Pacific railroad 
here follows. Along this creek are the larger mines. The section 
shown along the creek banks, both north and south of Sims, is as 
follows: 

FEET INCHES 

 11. Clay  .................  
 10. Lignite  ... . . . . . . . . . . 
 9. Clay  ........................
 8. Lignite  ...................
 7. Clay  ........................
 6. Sandstone, often
 5. Clay  ........................
 4. Lignite, impure 
 3. Clay  ........................
 9, Lignite  ...................
 1. Clay  ........................

cross bedded  ..............  

40 
2 

2 
40 

3 
60 
4 
10 
7 
12 

6 

 
No. 2 of the section, which is nearly on a level with the railroad, 

is the seam mined. 
The Wadeson Mine.—Lignite has been mined by Mr. Wadeson for 

a number of years in the vicinity of Sims. The common method 
has been to drift into the hill till the haul to the surface became too 
long, and then to start afresh. A number of old entries excavated 
in mining after this manner may be seen a few feet above the 
railroad track. At present, however, a power plant is in 
operation and a more careful method is planned. The dr i f t  s lopes 
down gradual ly  t i l l  i t  s tr ikes  the coal ,  about twelve feet lower 
than the entry and at about creek level. The present entry is in 600 
feet and shows that there is considerable irregularity in the position 
of the lignite, the seam often rising or falling two feet in a 
hundred. One-fourth of a mile farther 
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south the lignite is seventeen feet higher than at the Wadeson 
mine. Six inches of coal are left to strengthen the roof. Some 
water follows the seam and about 4,000 gallons are pumped daily. 
One Harrison compressed air dri l l  is in operation part of the 
time, but most of the mining is done with the pick, as piece work. 

The output last year was 5,000 tons, and the average price at 
the mine $1.50. The mine is on leased land and a royalty of 7 
cents a ton is paid. 

Samples of coke reported by Mr. Wadeson as made by him 
from lignite were seen and appear to be of good quality. 

An analysis of dried lignite from the Wadeson mine shows : 
PER  CENT 

Volatile matter  ................................................................. 38.21
Fixed carbon  ................................................................. 50.47
Ash     . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.32 

Total     ........................................................................ 100.00  
The power house and tipple are shown in plate XXV. 
The Burton Mine enters the same seam as the Wadeson, and 

except that it lacks a power plant, is of much the same nature and 
is operated in the same way. It is one-half mile south of Sims. An 
older opening on the opposite side of the coulee is not now operated 
on account of water. A stream which fills a two-inch pipe flows from 
the entry. The dip of the coal from the entry renders it somewhat 
difficult to arrange for the draining and development of these old 
workings. 

The output of this mine last year was 8,000 tons. It is operated only 
during the fall and winter months. The quality of the coal is 
satisfactory, and it meets with a ready sale. 

The second seam, No. 4 in the section given, has furnished 
some coal at various points about Sims, but never has been sys-
tematically mined. 

The log of the deep boring at Sims, quoted by Dorton,* shows a 
number of seams lower than those mentioned : 

 THICKNESS

IN FEET 

DEPTH BELOW

SURFACE 

Lignite  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 10
Lignite  ................................................ 5 70
Lignite  ................................................ 5 136
Lignite  ................................................. 5 330
Lignite 6 710 
 

* Preliminary Report on the Artesian Waters of the Dakotas, p. 62. 
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Plate XXV. 
The Wadeson Mine at Sims. 
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The first member of this series may represent the seam now 
mined, no data being given to determine this point. The remaining 
four seams, however, are in addition to those reported ,in the 
preceding section. 

 

The Old Sims Coal Company, which has 
been out of operation for some years, mined in 
the same seam now opened by the Wadeson 
mine, but on the opposite side of the creek, the 
seam there being twenty feet higher than at 
the Wadeson mine. Figure 11 shows the series 
at this point. 

Coal in Other Parts of Morton County.—
Coal in considerable quantities is reported 
about Heart Butte, and along the Heart river, 
throughout its entire course through the 
country. Large deposits are to be expected 
along the Cannon Ball and its tributaries in 
the county. Three miles north of Hebron, 
in Township 140, Range 90, Sections 6 and 16, 
a five-foot seam of good lignite is reported. 
South of this station lignite banks opened for 
local use are numerous. 

Fig. 11. The old Sims
mine section,

 

COAL DEPOSITS OF STARK COUNTY 
Stark county is practically free from glacial drift, though 

glacial boulders are not uncommon in the eastern portion, and 
were observed at points where they could not be attributed to 
human agenCies, as far west as Gladstone. The Northern Pacific 
railroad follows the Little Heart river through the western part of 
the county, bringing the natural exposures of coal early to the notice 
of investors and furnishing shipping facilities. As a result, the 
large mine at Lehigh was developed early in the history of the 
lignite industry. The topography of the county is well shown in 
plate XXXIV. High buttes rise here and there, usually capped with 
sandstone and not uncommonly containing deposits of high grade 
fire clays. The drainage systems are mature and the surface 
generally is moderately rolling. The Heart river rises at ,the 
western border and unites with the Green river near the center of 
the county. Along both streams, even near their sources, are 
extensive low terraces. They are fed perennially by springs 
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which issue abundantly from the lignite seams ; but on account of the 
evaporation in summer there are t imes when the water stands in 
die creek channels only in pools. It  is a curious fact that in the 
fall, though no rain may have fallen, the streams gradually increase in 
volume till the flow is considerable. 

The Mine of the Consolidated Coal Company at Lehigh.—A 
remarkably fine seam of coal directly. on the railroad, varying in 
thickness from twelve to sixteen feet, has been developed by this 
company. It outcrops along the Little Heart river for about three 
miles, from three to six miles east of Dickinson, and on account of 
the proximity of the mine to this city the coal is known throughout 
certain parts of the state as "Dickinson coal." Between Dickinson and 
Lehigh the first good expdsure of this seam occurs in Township 139, 
Range 95, Section 7. The river here is cutt ing into a bluff of 
Laramie clays on the right side,  while on the left  is  a large 
alluvial flat underlain with recent gravels which lie directly above 
twelve feet of coal. The lignite has been mined here both in the 
bluff by drifting and along the edge of the flat by stripping. The 
amount of coal that can be won by removing twenty feet of sand 
and gravel here is very large, the flat at this point embracing at least 
twenty acres. It is possible that in spots old stream channels are cut 
through the coal, reducing the thickness materially and even removing it 
altogether. Still, making due allowance for this possibility, the 
locality affords an inviting opportunity for strip-pit mining on a 
large scale. Practically the same conditions prevail a little further 
east and north of the track, and the lignite is mined at a number of 
points by stripping. 

Thirty feet above the thick seam at these points a three-foot seam is 
frequently exposed, and above this an equal distance a thinner and more 
variable seam. The whole series is shown in figure 12, where the 
black bands represent lignite. 
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Plate XXVI. 
The Burton Mine at Sims. 
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At the Lehigh mine the thick seam is twenty feet higher than at the 
exposure a mile to the west. 

The characteristics of the seam are the same at 
both points, and, although there is a break in 

the exposure of half a mile, it may be safely affirmed that but 
one thick seam is ex- 

posed in this locality, and the difference 
in elevation is to be accounted for by 

the unevenness of the surface on 
which the coal was deposited. The seam 

contains no clay 
and only a foot or two at 

the top consists of the 
inferior "slack" coal. 

The clip of the seam 
is variable and 

slight, prevail- 
ing to the 

southeast. 
Fig. 12, Section at the Lehigh mine. 

The "butt entry" system of mining is employed, which consists 
of running the rooms directly ,from the the mine entries. Entries are 
twelve feet high and from ten to twenty feet wide. The coal forms 
a great arch for a roof and practically no timber is used in the 
mine. Rooms are cut twenty feet wide, separated by six-foot 
pillars. When an area is about to be abandoned, the roof of the 
rooms is dressed down so that only two or three feet of  coa l  a re  
l e f t .  The great  th ickness  of  the  seam fac i l i t a tes  -mining, and 
the miners earn large wages at 40 cents a ton for room work and 
GO cents for entries. The mine is practically free from water, the 
small amount entering it (October, 1902) being removed by a 
windmill. For ventilation air shafts with burning fire pots at the 
base are used. All hauling is dond by horses, the large entries 
allowing the use of large animals, and a single 'horse brings to the 
surface cars containing three or four tons at one haul. A photograph 
of the tipple and side track at this mine is given in plate XXVII. 
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Analysis of the Lehigh coal after drying: 
Bottom of layer : PER CENT 
Volatile matter  .........................................................................  42.63 

F i x e d  c a r b o n    4 9 . 2 2  
Ash  ...................................................................................................  8 .14 

 T o t a l      1 0 0 . 0 0  
Two feet from bottom of layer : PER CENT 
Volatile matter  .......................................................................  43 .57 
Fixed carbon  .........................................................................  46.50 
Ash . . . . .  ... .. . . . . . .  . . . .  . . . . .  9.93 

Total  ........................................................................................  100.00  
Three feet from bottom of layer : PER CENT 

V o l a t i l e  m a t t e r      3 9 . 9 9  
Fixed carbon 

 
51 .60

T o t a l  . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  .... 100.00  

Four feet from bottom of layer :  
PER CENT 

V o l a t i l e  mat ter  
 

 40.70 
Fixed carbon 



Five feet from bottom of layer :  
PER CENT 

V o l a t i l e  m a t t e r      4 4 . 3 2  
Fixed carbon 

 
48 53T o t a l     1 0 0 . 0 0  

Six feet from bottom of layer :  
PER CENT 

Volatile matter 
 

 41.50 
Fi d bTotal  .........................................................................................  100.00  

Seven and one-half feet from bottom of layer :  
PER CENT 

V o l a t i l e  m a t t e r      4 0 . 9 7  
Fixed carbon 

 
51 30Total  .........................................................................................  100.00' 
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tion 22, west half, a three foot vein of good lignite is mined by the 
owner of the ranch on which it occurs. 

On the Green river, just north of Dickinson, at the Kupper 
ranch, a fifteen-foot seam of lignite is exposed. It rises from 
the water's edge and is covered with from ten to thirty feet of 
clay. Mining by stripping is carried on in winter, $600 worth 
being sold last winter, with the selling price only 50 cents a ton at 
the mine. The overlying clay is stripped off and dumped into the 
creek, which removes it daring the (spring floods. This seam is exposed 
at a number of points along the river for a distance of half a mile, 
and outcrops a mile and a half back from the river. It is shown in 
plate XXIX. 

Between Dickinson and South Heart, on the Little Heart 
river, a four-foot seam about fifty feet above the river is mined at 
a number of points for local use. In Township 139, Range 97, 
Section 7, a seven-foot seam of soft lignite outcrops in a cut bank about 
thirty feet above the river. It is doubtful whether the quality of 
the coal improves back from the surface. Conditions favor the belief 
that the whole seam is soft. 

Lignite About Belfield.—Coal is very abundant about this 
station, which is near the western boundary of the county, and 
the source of the Little Heart river. Along the Little Heart, 
between the station of South Heart and Belfield, are a number of 
excellent exposures. 

The Bird-Stone coal bank, in Township 139, Range 98, 
Section 6, outcrops on the river, and so near the railroad that it 
may be seen plainly from the car window, The seam is sixteen 
feet thick, the upper half being soft and of doubtful fuel value in 
its present form, though possibly suitable for the manufacture of 
briquettes, when that industry shall be developed. Yellow streaks 
of iron oxide occur abundantly in the upper part and are readily 
mistaken for sulphur. They do not affect the fuel value of the 
coal. Analysis showing the average composition of the upper eight 
feet is as follows, dried before analyzing. 

PER CENT 

Volatile matter  .............................................................. 34.78
Fixed carbon  .................................................................... 43.79
Ash  ................................................................................................ 21.43 

Total  ........................................................................................ 100.00 
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Plate XXVII. 
The Mine of Consolidated Coal:,Company at Lehigh. 
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The lower eight feet of the seam appears to be of excellent 
quality. The dried coal gives an analysis : PER CENT 

Volatile matter  ...................................................... 35.71 
Fixed carbon  ......................................................... 56.61 
Ash    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.68

Total  ...................................................................... 100.00
 

The bottom of the seam as now exposed is three feet above 
the river water level. Though the seam has been burned out at 
points, the body of coal in the vicinity of the outcrop is consid-
erable. In Township 139, Range 98, Section 8, this same seam 
is exposed, and shows about the same characteristics, though it 
is somewhat thinner, the total thickness being about twelve feet. 
The bottom of the seam is here six feet above the river level. This 
outcrop is two-thirds of a mile south of the railroad track. 

On the south side of the Little Heart, between South Heart 
and Belfield, back from the river and about forty feet above it, a 
six-foot seam of excellent coal outcrops. It may be seen best in 
Township 139, Range 98, Section 16, a school section. Here a coal 
bank has been opened from which several hundred tons are taken 
each winter. The stripping required at present amounts to 
but four feet, and coal can be won from a considerable area 
with no great effort. The twelve-foot seam may be looked for 
thirty feet below this one, though its thickness at this point cannot 
be predicted. 

Coal North of Belfield.—Coal Mine creek, a tributary of the 
Little Heart river, which unites with it one mile east of Belfield, 
reveals great quantities of lignite along its course for five miles. 
In Township 140, Range 99, Section 34, a seam showing six feet 
of good coal was examined. A mile further up the creek, on John-
son's claim, a seam was made up as follows : 

F E E T  I N C H E S  
S o f t  l i g n i t e    2  
H a r d  l i g n i t e    3  
C l a y    6  
H a r d  l i g n i t e    1  
In Township 140, Range 98, Section 28, six feet of lignite are 

exposed the lower three feet excellent in quality. In Township 
140, Range 98, Section 27, seven feet of coal were seen, the lower 
four feet excellent. After an interruption by two inches of clay, the 
lignite continued and its total thickness was not known. These 
two exposures doubtless represent the same seam. 
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Other openings have been made along Coal Mine creek 
from which lignite is being taken, and the output from 
the banks along this stream will amount to several hundred 
tons this winter. At every opening springs appear, and many 
strong springs at points not developed indicate the presence of 
lignite. 

One mile northwest of Belfield, in Township 140, Range 
99, Section 30, sixty feet above the railrgad track and at an 
elevation considerably greater than that of the seam just 
described on Coal Mine creek, five feet of a seam said to be 
nine feet thick was seen. The lignite appeared to be of 
excellent quality. 

Lignite South of Belfield.—Three miles south of Belfield, 
on Norwegian creek, a tributary of the Little Heart river, 
which flows nearly east-west, and empties into the parent 
stream eight miles southeast of Belfield, there are a number of 
seams which are well exposed and locally developed. 

The Engelhartson bank, in Township 139, Range 99, 
Section 20, shows four feet of good and tWo feet of 
inferior lignite. The bottom of the exposure is six feet 
above water level. The amount of stripping required at 
present is eleven feet, and a large area can be mined at no 
greater disadvantage. Lignite, probably the same seam that is 
opened one-fourth of a mile farther down the creek, was found 
in the barnyard, but heavy springs prevented the opening of a 
bank advantageously. The structure of the seam where 
exposed is as follows: 

FEET INCHES 
Soft lignite  .................................................  8
Good lignite .... . . . . . . . . . . . . . . . . 2 6
Clay  ..........................................................................  6
Good lignite  ......................................................  1 6  

The Anderson bank, on the same creek, in Township 
139, Range 99, Section 19, north one-half, shows twelve feet 
of lignite, the lower six or eight feet good, the upper part Of 
the seam being soft. As now exposed, from eight to ten feet 
of stripping is requiEed to secure the lignite. The position with 
reference to water level of the stream is the same as that at the 
Englehartson bank, and the distance between them being only 
two Miles, the two exposures probably represent the same seam. 



At the Anderson bank two thin streaks of clay occur in the 
lignite. 

L I G N I T E  D E P O S I T S  O F  S T A R K  C O U N T Y  1 5 9  

Other localities in this vicinity where lignite was reported by -

responsible persons, but which were not personally visited by a mem-
ber of the Survey staff, are as folows: 

The Anderson homestead, Township 139, Range 100, Section 
24, sixteen feet of good coal reported to have been found in a 
well twenty-two feet below the surface. 

On Paddy creek, a tributary of the Little Missouri, four miles 
north of Sully spring, lignite in eight and ten-foot seams. 

On Government creek, a tributary of the Little Missouri, ex-
cellent lignite seams. 

One mile west of Belfield, on the south side of the Northern 
Pacific track, a seam of some importance is slightly exposed, its 
total thickness being undetermined. 

LIGNITE DEPOSITS OF HETTINGER COUNTY 
A limited area only in Hettinger county has been studied, 

the greater part of the large area included within its limits 
being necessarily reserved for the field work of the coming 
summer. From New England as a center work was carried on 
up and down the north fork of the Cannon Ball for ten miles 
in each direction, south along Coal Bank creek, a tributary of 
the stream just mentioned, and just across the line in Billings 
county, in the Rainy buttes. The country between Dickinson and 
New England was twice, traversed by different routes and observa-
tions with reference to lignite were made. The region is marked 
by a few high buttes, by one or two elevated plateaus of the same 
elevation as the low buttes which are plainly remnants of these 
and similar plateaus, and by extensive nearly level stretches in 
the valleys of the present streams. 

The Rainy Buttes are large, flat topped buttes of the Sen-
tinel butte type already described, and the stratigraphic series 
that they dislose is nearly identical with that of the other high 
buttes in Billings county. East Rainy Butte with its outliers 
occupies nearly two-thirds of a township, while the top includes 
an area one-third as great. The upper half is steep, the last 
fifty feet nearly vertical, the total height above the surrounding 
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country amounting to 400 feet, its elevation above the Cannon Ball 
river reaching 460 feet. 

Section of East Rainy Butte : 
FEET INCHES 

10. Sandstone, gray, silicious, micaceous, of-
ten thin bedded, but in places very ,mas-
s ive,  local ly coarse,  with pebbles one- 
t h i r d  i n c h  i n  d i a m e t e r  5 0  

9. Fire clay, white   .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
8. Sand, locally hardened, white  . . . . . . . . . . . . . . . . . .   20 
7. Concealed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   180 
6. Sand  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
5 .  L ign i t e ,  good ,  w i th  s t rong  spr ings ,  ex -

posed   ....................................................................... 6 
4.  Clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   50 
3 .  L ign i t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   
2.  Clay  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   10 
1.  Covered  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   40 

Lignite About New England.—The Laramie as exposed. one 
the Cannon Ball at this postoffice consists of sand and sandstone, 
but two miles north of the river lignites and clays are found. The 
bank from which most of the coal for New England is obtained 
is that of Jacob Riess, in Township 136, Range 97, Section 22. 
Here a seven-foot seam of good coal is 'laid bare by stripping off 
four feet of clay. Large springs issue from the lignite. The 
seam is exposed along the edge of the hill where the bank is lo-
cated for 300 feet. An analysis of dried lignite from this bank - 
gives : 

PER CENT 

Volatile matter  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38.39 
Fixed carbon  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53.03 
Ash   .............................................................................................................8.58 

Total-  ......................................................................................  100.00 

Lignite from this bank sells for 50 cents a ton at this mine. 
On John Ermintrout's ranch, six miles northwest of New 

England, lignite is mined by stripping. His bank shows : 
FEET 

Lignite, poor   ........................................................................... 1 
Lignite, good   ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay   ................................................................................................................. 1 
Lignite, good   ........................................................................... 1 
Clay   ................................................................................................................. 1 
Lignite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Thickness unknown, 
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Plate XXVIII. 
Lignite Near Lehigh. 
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Along the Cannon Ball„ west of New England, are some 
excellent lignite exposures. Five and one-half miles west of this 
postoffice the following section is beautifully exposed in a cut 
bank : 

FEET 

Alluvium    ..................................................................  4 
Sand  .................................................................................................. 5
Clay      .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Lignite, good 4
C l a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Lignite, good  ....................................................................... 5
Clay    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Water level.  
This exposure is continuous for 300 feet. A little lignite has 

been taken from this point by neighboring ranchmen. 
Three miles farther west, under similar conditions, this series 

is practically repeated, and the persistence of the seams to this 
point may be assumed. 

On Coal Bank creek, which rises eight miles south of New 
England, and flows northeast into the north branch of the Cannon 
Ball, lignite outcrops at a number of points and large springs and 
areas covered with scoria, both certain signs of the presence of lignite, 
occur. One four-foot seam of good lignite may be found four miles 
from the mouth of the creek, twenty feet above water level. Little 
prospecting has been done along this creek, or along the river farther 
east, and there is strong probability that an abundance of lignite 
will same day be brought to light. 

Along the south fork of Cannon Ball river lignite is said to 
abound. Some excellent seams are reported on Grand river, just 
over the line in South Dakota. 

LIGNITE DEPOSITS OF EMMONS COUNTY 
Emmons county lies within the drift-covered area, and 

natural exposures that would reveal lignite seams are not com-
mon, except along the Missouri river, which forms its western 
boundary. 

Near Livona, which is on the river, twelve miles south of 
Bismarck, some mining has been done. In Township 135, 
Range 75, the C. H. Edick mine has developed a seam two and 
one-half feet thick The outcrops occurred near the bottom of 
a coulee, and the lignite is won by drifting. At the mine the 
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coal sells for $2.75 a ton, a price which shows the peculiar ad-
vantage in location. Southwest of Williamsport, in Township 135, 
Range 78, the Jesse E. Brindle mine at one time took coal from 
a two-foot vein. 

Very little prospecting has been done of a sort that would 
reveal what lies below the thick covering of glacial drift. The 
county lies near the eastern border of the lignite area, but may 
be expected to contain considerable quantities of coal. 

LIGNITE IN THE TURTLE MOUNTAINS 
This plateau forms • an eastern outlier of the Laramie series 

of North Dakota, and the strata beneath the glacial drift for 
400 feet are like those of Ward county, namely, clays and lig-
n i te .  The  l i gn i te  outc rops  a t  a  number  o f  po in ts ,  fo r  
postglacial erosion has been vigorous and many ravines are cut deep 
into the clays. The best known of the natural exposures are north of 
Dunseith, while many others back in the hills are said to have been 
reported to Captain Brenner of Belcourt by the Indians on the 
reservation. Outcrops should be looked for also in the vicinity of 
Bottineau. 

In 1886 a three-foot seam, which outcropped on a hillside two 
miles north of Dunseith, was mined by drifting, and it was 
found that the seam dipped toward the north at an angle of 
twenty or thirty degrees. Subsequently a vertical shaft seventy- 
five feet deep was sunk further back on the hillside, which en-
countered at that depth a seam said to be twelve feet thick, lying 
fifteen feet above the lowest point of the sloping seam. There is 
little doubt that tie latter owes its slope to an extensive slip, and 
that the seam is really horizontal and will be found above the 
lowest point in the part that was subject to the slip ; but it cannot 
be possibly affirmed that the seam reported as found at the base 
of the shaft is the same one. If the thickness is reported correctly, 
and the two occurrences represent the same seam, the increase in 
thickness is very rapid. 

At present residents of Dunseith are opening up these workings, 
and the prospects for a successful mine are good. If the initial 
showing is satisfactory, considerable work will be done this win-
ter. Lignite will command a good price, for wood in Turtle 
mountains is becoming scarce, and freight rates to this section 
from the Ward county mines are considerable. 

S U M M A RY  O F  M IN I N G  M ET HO D S  163 



SUMMARY OF MINING METHODS 
As the brief descriptions given in the preceding pages show, 

practically all the lignite of North Dakota is mined by three 
well known systems : The strip-pit ; drifting in on the seam, and 
shafts, vertical or sloping. The system that is in use at a given 
locality depends on two factors : The stage of development that 
the seam has reached, and the nature of the seam. The strip- 
pit system is the simplest, but a coal bank begun in this way 
generally passes with time into a drift mine. Later it may be 
found desirable to abandon the drift and sink a shaft. Local 
conditions, however, may interfere with this natural develop-
ment, arresting it before the second and third stages are reached. 
Where capital is sufficient and other conditions are favorable, 
the preliminary stages are omitted and a shaft is sunk at once. 

The Strip-pit System.—If statistics in regard to all of the lo- 
cal mines worked on this system in the lignite area were avail-
able, it would probably appear that at least half of the the total 
output of the state is mined in this way. The only expense in 
the form of equipment needed is a scraper and pick, and opera-
tions are usually carried on only during the winter when other 
work is not pressing. The wide distribution of the lignite, much of 
it near the surface, has made possible a local mine within ten miles 
of nearly every settler in the western half of the state. Often 
the lignite outcrops on his own farm and at times at his very 
door. A suitable natural exposure is chosen for operation, one 
where the overlying clay is not thick, where there seems to be a 
good body of coal of fair quality, and where there is an 
opportunity to dump the material removed from the coal at a low 
level. A hillside or a stream bank where the outcrop most naturally 
occurs offers these very conditions, and in these places most of 
the strip-pit or "scalp" mines are found. 

The amount of stripping that can be economically under-
taken depends on thickness and quality of the underlying coal, 
but ten feet may be regarded as a maximum where the coal is 
but six feet thick. In many localities where mining is carried 



164 THE L IGNITE COAL F IELDS OF NORTH DAKOTA 
SUMMARY OF MINING METHODS 165 

on in winter the clay removed from the coal is dumped directly 
into the creek bed and carried away during the high water of 
spring. Where fair wages are paid for labor and teams and the 
haul is short, the cost of stripping is about 10 cents a cubic 
yard. An acre of land bearing a seven-foot lignite seam yields, 
by the strip-pit system, about 8,000 tons. As the distance from 
the creek bed or into the hill increases, the overburden grows, till 
this system is no longer profitable and it gives place to drifting. 

Drif t Mines.—The larger mines near the Mouse river, in 
Ward county and along the Northern Pacific railroad, are of 
this sort. Entries are run in on the coal, or beginning a short 
distance above it ,  s lope down at an angle of ten or fifteen 
degrees till the coal is encountered, when the seam is followed. 
In all cases the room and pillar system is used underground. No 
lignite seam so thin as to make long wall mining advisable has . 
yet been developed, except by the strip-pit system. Both single. 
and double entry mines are to be found in the mining area, 
mines working double entry being more common. The lowest 
point in the mine is chosen for a "sump," and from this the 
water, which is generally present in some measure, is pumped.. 
either vertically to the surface, or out at the entry. 

Vertical or Inclined Shafts.—rIn mines where the equipment 
is expensive it is generally advantageous to sink a shaft to the 
lignite, though some seams, on acount of overlying quicksand, 
present difficulties to this method of mining. It is possible to , 
bring the coal from all points of the compass to the foot of the 
shaft ,  and the underground haul,  an i tem of considerable 
expense, is greatly reduced as compared with the drift mine, 
where a semicircle is the widest range for hauling. Where the 
depth of the mine is not great, as at the Washburn mine, a 
sloping entry may be recommended, since it obviates the necessity 
of elevators for the men and gives easy access to the mine. 
Where the distance to the coal is considerable, the vertical shaft, 
be ing shorter ,  i s  more sui table .  The New Era mine,  near  
Minot, will have a vertical shaft more than 300 feet deep when 
it reaches the lower or ten-foot seam. All underground work in 
these large lignite mines follows the room and L4ar, method. 
Instead of the ordinary double entry, the "butt entry" system is 



employed, in which the rooms are run directly from the main 
entries. As to size of rooms and pillars, there is a little varia 
tion in the lignite area from the practice common- in the bitumi-
nous coal regions. A map of the Washburn mine is given in 
plate XXXI, showing the position of the shaft and entries, and the 
arrangement of surface works. 

Mining Machines in Lignite- Coal.—Mining machinery of 
standard types is in successful operation in three of the lignite 
mines, and most of the larger mines now under construction will 
be equipped with electric machinery. The freedom of the lignite 
seams from nodules of pyrites and other foreign substances renders 
them an especially fit field for the operation of undercutting 
machinery. At present the price paid for labor is higher than in 
older mining centers and it is more uncertain, the high price paid 
during harvesting resulting in the practical desertion of many of 
the mines. For all of these reasons the introduction of labor 
saving mining machinery is especially desirable. Undercutting 
machines and electric drills operate in lignite with about the 
same speed that is obtained in common practice in bituminous 
fields. Where the lignite is very solid, "shooting from the solid" is 
effective, and the advantages offered by the undercut mining 
machines are reduced. When the coal  is  badly checked, 
hOwever, the powder does not take hold, but blows out along the 
cracks bringing down very little coal. Here the undercut machines 
may be introduced to great profit. The lignite in a given mine may 
differ in different parts sufficiently to render the undercut machine 
desirable at one point while its use offers no economy at another. 

Peculiarities of Roof and Floor.—With but one or two ex-
ceptions, it is necessary to leave from six inches to a foot of the 
lignite ,  seam to form a roof, for the overlying clay is rarely 
tough enough to stand without the aid of this support. At none 
of the mines now in operation does sandstone occur above the 
coal in a way avaliable for roof, and at no point visited was a 
hard rock layer so advantageously placed, though one instance 
of this sort is said to exist in the vicinity of Glen Ullin, where a 
sandstone layer a foot thick will make a substantial roof over 
an eight-foot seam. From the given thickness of a seam, there-
fore, a deduction of six inches or more must be made in nearly 
every case, without regard to the purity of the coal, in computing 
its available thickness. 

The floor is always a stiff, so-called "fire" clay, though the 
application of this term to the under clay seldom has any reference 
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to its ability to withstand high temperatures. The peculiar 
tendency of Laramie clays to slip or move slowly under pressure 
sometimes manifests itself in an undesirable way in the floor of the 
lignite mine. In one or two instances this "pinching up" Of the 
entries presents a serious difficulty, and, if roof or floor are untrimmed, 
an entry may be nearly closed in three years by this process. Most of 
the mines, however, have experiencd no trouble from this point. 

Timbering in Lignite Mines.—In only one or two mines are the 
entries timbered in accordance with the standards recognized in the 
bituminous region of the central states. This raises the question as 
to the necessity of timbering. 

-Where the seams are not thick enough to make it practicable to 
leave part of the lignite for a roof, timbering is generally 
necessary in the entries, though in at least one instance a stiff 
upper clay makes a roof, to all appearances satisfactory. When 
possible, it is considered economical to leave coal for a roof and do 
very little timbering. The roof so formed generally appears firm 
and free from danger, though the mining interests of the state are 
now sufficiently developed to justify the employment for a few 
months each year of a mining expert, who shall determine the mine 
conditions with respect to the safety of the operators, and report to the 
state authorities. 

Mine Water.—A certain amount of water may be expected in 
developing a lignite mine. A few of the mines that have been in 
operation for some time are wholly free from water, but generally a 
moderate amount of pumping- is required, and in no case is it 
excessive. The presence of springs in connection with outcrops of 
lignite has been frequently_ noted in the foregoing descriptions. 
Lying between impervious clays, the lignite forms a natural 
watercourse. In a region where water is scarce the presence of 
these springs is very desirable, and there are few localities where 
a mine might be established where the water that would be 
removed from it would not during part of the year pay for the cost 
of removing it, for purposes of irrigation. It is generally potable and 
free from salts that would render it unsuitable for most purposes. 

Mine Ventilation.—Dangerous gases are very rare in the 
lignite mines of the state, and but one accident has occurred that 
was attributable to them. This was an explosion of fire damp in 
one of the Ward county mines. The fact that such accidents may 
occur, however, renders important the installation of proper 
ventilating appliances. In but two or three mines are fans 
employed to secure a proper circulation of air within the mine. 



Ordinarily an air shaft with a fire pot suspended at its base is 
deemed sufficient. The inadequacy of this method in some of the 
larger mines, where the entries are long and the amount of powder 
burned is large, is manifest in the heavy air and a smoke lingering 
long after a discharge. 

Blasting in Lignite.1---Powder is generally used for shooting in 
mines, though dynamite proves effective in the open pit. Under 
favorable conditions, as in the mine at Lehigh, a six-foot hole is 
drilled, and in this three pounds of FF powder brings down on the 
average three tons of lignite. 

 
Lignite on the Missouri River west of Washburn. 
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TIE FUEL VALUE OF THE LIGNITES OF 
NORTH DAKOTA 

The fuel value of a given lignite will vary considerably with 
conditions under which and the purpose for which it is used. 
In one connection it may be esteemed highly and in another not 
at all. Out of this fact grows the diversity of opinion in regard 
to a number of well known lignites of the state. A lignite 
whose value as a steam coal is very high may not prove suitable 
for certain kinds of stoves. An actual case will serve well for 
illustration. In two localities lignite from seams that are high 
in ash, due to admixture of clay are thought well of for heating 
purposes, because the clay enables them to stand tip well and 
prevents slacking. Judged by ordinary standards these lignites are 
very inferior. These recognized standards are : The amount of 
fixed carbon and the percentage of ash that the lignite contains ; 
the result given by the calorimeter, and the amount of water 
which a given amount of lignite will evaporate. Of the three tests 
the last is the most satisfactory. The lignites have been tested in 
accordance with these, as well as in a variety of practical ways, and 
a brief statement of results is proposed in this chapter. 

Chemical Properties of the Lignites.—Coal in all of its forms, as 
well as peat, is derived from vegetable tissue which is composed 
of carbon, hydrogen and oxygen. When not exposed to the 
atmosphere, and hence free from ordinary decay, these three 
chemical elements tend to rearrange themselves, part of the carbon 
uniting with part of the oxygen to form carbon dioxide (CO2), 
another part uniting with part of the hydrogen to form the 
inflammable gas (CH4), while other parts of the oxygen and 
hydrogen combine to form water The proportion of the carbon 
entering into these combinations is lower than that of the other 
elements, and as these gases escape the percentage of carbon 
remaining uncombined grows higher. Conditions, there- 



North Dakota Geological Survey. 
Plate gXIX. 
A Fifteen-Foot Lignite Seam on Green River, sight Miles North of 
Dickinson. 
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fore, which favor the formation and escape of these gases, favor 
the formation of a coal which is high in uncombined or "fixed" 
carbon. 

Condit ions which favor the formation and escape of the 
-gases formed by the decay of wood out of ordinary contact with 
the atmosphere are : Pressure, heat, folding and erosion of the 
containing strata, which allows the escape of the gases, and 
time, which is necessary for the chemical transformation, ordinarily 
slow. 

In accordance with these conditions, coal in the older forma-
tions and in regions of tilted strata often contains a very high 
percentage of fixed carbon and is classed as anthracite. Where 
the formation is young but the region one of tilted strata, and of 
crushing.  bituminous coals are common; whereas coal which, 
in the geological sense of the term, is recent, and forms part of 
a horizontal series that has not been subjected to great pressure 
or folding, is nearly certain to have a comparatively low percentage 
of fixed carbon. These are practically the conditions under which 
the lignites are found. 

Fix ed  Ca rb on .—The  average amount of fixed carbon in 
twenty-six samples of North Dakota lignite analyzed in 1900, 
when thoroughly dried, was 52 per cent. Sixty samples analyzed 
this year, after thoroughly drying, gave 51.21 per cent of fixed 
carbon. Compilations given in a former report of this Survey" 
show, for forty-one samples of West Virginia bituminous coal, 
67.16 per cent of fixed carbon ; for twenty-two samples of the 
better grades of semibituminous dry coals of Maryland, 75.99 
per cent, and for twenty-six samples of dry bituminous coal from 
Pennsylvania, 67.97 per cent. Judged by the fixed carbon alone 
the heating power of one ton of North Dakota lignite is worth 
76 per cent of a ton of West Virginia bituminous ; 65.9 per cent 
of Maryland semibituminous, and 74.4 per cent of Pennsylvania 
bituminous. These figures show that the North Dakota lignites 
rank far above the coals that are the average representatives of 
this class. 

Comparing the lignites of North Dakota with the product of 
the west interior coal fields, which includes Iowa, Missouri and 
Kansas, with respect to fixed carbon, the lignite appears to be 

* First Biennial Report, E. J. Babcock, pp. 81, 82, 83. 
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i ts  equal .  Taking the recent  1.7nited States report '  and computing 
them on a dry basis,  the average aim /Mi t  o f  c i t ed  carbon for twelve 
samples is about 30 per cent. These coals, however, give a sligdithr 
higher evaporative test than do the lignites. Br both standards, 
however, the lignite appears to be practically equal, when properly 
burned, for steam purposes, to the coals of Iowa, Missouri and 
Kansas. 

I 'o/rti/c :I/at/cr.—The average anvirint of volatile matter 
computed from sixty analyses of different l ignite coals is 35.63 per 
cent. When the fixed carbon alone is considered as determining 
the fuel value of a coal. the worth of the volati le matter i s  
over looked.  Under  proper  condi t ions  these  gases  may  be  made 
to develop a great deal of heat, and no appliances which ail, at an 
economical combustion of lignite can afford to disregard them. 

Thc Pcrcelltirge of Ash in the sixty samples analyzed this year is 
generally low -.  the average amounting to per cent. Compared with 
the coals of Iowa, Missouri and IXansas regions, the lignites are 
notably purer.  An average of twelve samples described in the 
report on this area already quoted gives 10.1 per cent of ash. In the 
ash from some North DakOta coals !here is a tendency to form 
clinkers, clue to the presence of clay, lint generally the lignite burns like 
wood, leaving a gray, powdery residue. 

Salphur.---The percentage of sulphur in the lignites is usually 
low, much lower than in most 1_ 

The following 
samples are fairly representative: 

sl-Lnpuit 
0.R.-z per remit 

(1.91 
Vcin, cctunty  ..................  

Floctrie mine. Kcmicirc   ............................................ 4;•1 
D a y i F  m i n e  l \ r . , n , , e  R i v e r  L i g n i t e  C n . )    r i  g i  

The sulphur in these analyses was determined in dry coal, 
which brings the percentage one-fourth Ii iher than for l ignite 
fresh from the mine. 

A yellow powder, composed of calcium sulphate and iron oxide, 
occurs often in the upper part of lignite seams, and in color and 
texture resembles sulphur. 

h raior Cnal. El. E N I T : I c t  Iruci thc. y-secon,I 
,‘tinual 14.t-1c rt. 19a], part I11. 
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Lignite in the Pit of the Dickinson Fire Brick Company. The Upper Clay 
Is Used for 

Brick While the Lignite is Used for Fuel in the Kilns. 
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P H Y S I C A L  P R O P E R T I E S  O F  T H E  L I G N I T E  C O A L .  
Moisture.—In a far larger measure than is the case with bi-

tuminous coal, the physical properties of lignite must be kept in 
mind in considering its fuel value. A series of analyses subse-
quently quoted show that lignite fresh from the mine contains 30 
per cent of moisture, and in this respect samples taken from 
various parts of the state differ but slightly. When shipped under 
ordinary conditions and in the common manner, the lignite 
reaches the engine room with nearly all of its moisture. Small 
samples that are more or less exposed to the air for two months 
reach the laboratory with from 10 to 20 per cent of moisture, as 
shown by the subsequent tables which give analyses of specimens in 
connection with which no special effort was made to prevent drying. 

The expense of shipping this moisture and its effect on the 
heating properties of the lignite are points worthy of careful 
study and experiment. The general opinion of those burning 
lignite is that if the lignite in drying did not fall to pieces, be-
coming so fine that it is apt to go through the grates, there 
would be great economy in burning it in that condition, and that in 
those devices where powdered or fine coal is used the dry lignite 
presents a material saving over the "green." Theoretically it 
would seem that this should be the case, for the heat necessary to 
volatilize the 30 per cent of moisture would be saved, and there is 
no apparent reason for a material loss of the volatile gases in drying. 

In any case, if the coal could be dried before shipping and 
economically burned after drying, the freight charges would be 
reduced nearly one-third. No practical method of drying the 
lignite on a large scale has as yet been devised, and the undertaking 
will probably prove a difficult one. 

The so-called slacking of lignite is the process of crumbling that 
it undergoes when drying. It probably loses none of its fuel value in 
consequence, and there is probably a gain in this respect due to the 
absence of the moisture. 

Special conditions are necessary, however,_ to burn this fine coal 
advantageously, the danger being that it fall through the grate or 
'be blown out through the stack. When burned in ordinary stoves 
and on coarse grates under boilers, the green, lump, 
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lignite is preferable With automatic stokers the coal is commonly 
preferred in a fine state, and they seem specially adapted to the use 
of lignite. 

The Woody Structure of lignite .is one of its characteristics. 
Often slabs and logs occur in the seam, which preserve nearly 
every detail of their original structure. When a seam is made up 
of this material, with no admixture of foreign matter, it is tough 
and compact and furnishes fuel of excellent quality. The prevailing 
color is brown, though some seams appear a dull black. When 
exposed to the air for a long time, thin bands become glossy 
black, resembling jet, and burn like pitch. 

A layer of "slack" often forms the top of a lignite seam, 
sometimes attaining a thickness of eight feet. It seems to be 
lignite which has decayed in the air while the lower part of the 
seam was preserved under water.- Its fuel value is probably 
low. An analysis gives 22 per cent of ash. Often an entire 
seam is made of this "slack" coal, though such seams are usually 
thin. In prospecting; it is sometimes difficult to determine 
whether the slack exposed at the surface is due to the disintegration 
of a good seam or whether the whole seam is slack. In general, it 
may be said that if the quality does not-materially improve on drifting 
in six feet the entire seam is soft. 

In connection with a briquetting device, this soft or slack 
lignite may be utilized, but at present it has little worth. 

The following - tables summarize the results of analyses that 
have been previously given in the county reports. A description of 
the locality from which the samples were taken may be found by 
referring to the index,. In each case the moisture was driven off 
and its amount computed, and the fixed carbon, volatile matter and 
ash reckoned on the dry basis. 

In Table I great care was taken in -nearly every case to bring the 
samples to the laboratory in just the condition that they left the 
mine, and the percentage of moisture is ,  consequently high. In 
Tables II and III no special care was taken to prevent the :samples 
from drying. 
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Table I.-Analyses showing moisture in material fresh 
from mine. Fixed carbon, volatile matter and ash computed 
on dry basis : 

Mine and Location 
Mouse River Lignite Co., Burlington 

Fixed Volatile Carbon Matter Ash 
t u r e

Mois- 

Four feet from bottom  ..................... 51.28 35.83 11.89 32.09 
Top ................................................................. 46.42 32.60 20.98 30.00 
Sixteen inches above clay seam ........... 47.36 42.14 10.50 29.40 
Lower twenty inches     ..................... 52.96 38.93 8.11 34.79 

Electric mine, Kenmare 
Four feet from floor  . . . . . . . . . . . . . . . . . . . . .  57.95 34.41 7.64 32.90 
Three feet from floor  ......................... 59.19 36.56 4.25 35.09 
Bottom  ........................................................... 56.58 34.44 6.98 34.8 
Top .................................................................. 56.87 36.58 6.55 34.8 

Diamond mine, Kenmare 
Top .................................................................. 52.98 37.24 9.78 33.09 
Center  ............................................................. 56.82 33.77 9.41 33.00 
Lower eighteen inches  ........................ 56.97 36.28 6.75 33.60 

Dakota Lignite & Brick Co., near Bur-
lington  .................................................. 

55.61 40.08 4.30 23.40 

New Era mine, near Minot  ..................... 57.66 38.22 4.12 33.6 
Smith-Kenmare Dry Coal Co. 

Next to clay  ....................................... 55.55 36.79 7.67 33.2 
Next to roof . . . . . . . . . . . . .  52.30 39.90 7.80 32.00 
One foot below roof  .......................... 55.25 33.50 11.25 32.60 

Wadeson mine, Sims  ................................ 50.47 39.21 10.32 30.29 
Lehigh mine  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.62 43.18 5.21 34.3 
Satterlund mine, near Washburn  ............ 55.89 37.50 6.61 30.91 
Washburn mine at Wilton  . . . . . . . . . . . . . . . . . .  54.93 38.75 6.32 31.82 
Dickinson Brick Co  ............................... 46.89 38.23 14.88 27.82 
On Heart river, near Dickinson ...... 60.49 38.31 1.20 14.26 
Consolidated Coal Co., New Salem  .... . . 53.86 41.66 4.48 27.48 

Table II.-Samples partly dried at time of analysis. Fixed.. 
carbon, volatile matter and ash computed on dry basis : 

Mine and Location 
Sample from Beaver creek, East Williams 

Fixed VolatileCarbon Matter
t u r e .

Ash Mois- 

county  .................................................... 57.97 38.34 3.69 18.13 
Sample from Dry Fork creek  . . . . . . . . . . . . .  48.99 35.81 15.19 16.26 
Outcrops near agency at Elbowoods 57.29 37.29 4.76 19.97 
Ed. Hall's mine, near Ft. Berthold agency 51.41 35.16 13.43 17.63 
Anderson mine, Stanley  ........................... 50.95 38.40 16.65 20.36 
Jones mine, sixteen miles ,southwest of  

Balfour  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53.77 37.72 8.51 21.73 
From Missouri river, two miles west of 

White Earth creek  .... . . . . . . . . . . . . . . . . 51.60 43.04 5.36 13.33 
Rose Hill mine, fifteen miles southwest of  

Balfour  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53.11 38.81 8.08 18.08 
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Mine and Location 
Opening, eight miles north of White

Fixed Volatile 
Carbon Matter 

Ash Mois. 
ture 

Earth  .................................................. 56.51 36.94 6.55 17.76
F. F. Alger mine, Stanley, Ward county .... 49.63 35.57 14.80 16.80
Pleasant Valley mine, Shell creek ........... 55:09 39.89 5.02 17.06
Sikes' mine on the Little Knife ........... 47.55 42.68 9.77 16.03
Bad Lands, six miles east of Ft. Berthold 47.38 42.75 9.87 14.64
Boyds' mine, Township 152, Range 94, 

Section 17     ............................... 
55.18 37.85 6.97 17.63 

Nesson opening  ......................................... 60.38 36.09 3.53 19.97
Williams' opening, five miles south of

White Earth     ....................... 44.49 31.59 23.92 17.02 
Gille-Miller mine ................................... 60.12 34.19 5.69 18.39
Sorenson mine, Township 162, Range 92, 

Section 32  ................................. 
60.95 34.12 4.93 19.42 

Pony Gulch mine, sixteen miles south-
west of Harvey  ........................ 

51.66 36.72 11.62 19.16 

Leigh Ericson, Donnybrook ................... 59.75 35..14 5.11 19.50
Lloyd Mining Co ......................................... 58.23 33.13 8.64 17.08
Scribner's mine . . . . . . . . . . . . . .  . . . . . . . . 56.61 36.87 12.52 16.23
Drift, near railroad bridge near Bur-

lingon  .................................................. 
56.57 38.01 5.42 17.46 

Turtle Gulch mine, Township 152, Range 
81, Section 14  ............................... 

53.78 37.20 9.02 50.02 

Wm. Lacy's land, Coal Harbor ...... • • 53.43 39.14 7.43 18.51
Hanchett mine, southwest of Velva ....... 53.60 40.14 6.16 16.69
Coal canyon, Billings county, thirty miles 

south of Medora  ........................ 
52.47 38.57 8.96 16.79 

J. C. Gamels ranch, Billings county,
Township 133, Range 104, Section 20

55.90 37.59 6.51 18.24 

Sentinel butte, Billings county . . . . . . 48.04 42.67 9.29 18.99
From 777 ranch on Little Missouri ..... 43.47 34.55 21.98 14.54
The forty-foot seam, Township 135,

Range 101, Section 31 ...... 
51.79 38.69 9.52 13.70 

Lower vein on Missouri river, three miles 
south of Williston  ................... 

50.65 36.15 13.20 10.56 

Twelve-foot seam, three miles east of
Williston  ................................... 54.38 36.37 9.15 11.25

Heatons' land, Township 145, Range 80, 
Section 29 ..... . . . . . .  

54.59 39.49 5.92 11.04 

Coal Lake mine, Township 146, Range 82, 
Section 22  ..................................... 

55.73 38.74 5.53 11.23 

Reiss mine, New England ......................... 53.03 38.39 8.58 24.46
Stone Bird mine, near Belfield ............... 56.61 35.71 7.68 21.56
Number of samples in tables I and II, 

sixty. 
    

Average of these sixty give  ..... 51.21 35.63 8.50  
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Samples gathered and analyzed during the year 1900. 
before analyzing : 

Volatile
Locality-Name of Mine Carbon Matter

175

Dried

Ash
Kenmare, Wright mine ...........................................  58.83 37.96 5.21
Kenmare, Wright mine ......................................  58.01 34.95 7.04
Kenmare, Wright mine ......................................  57.85 34.26 7.89
Kenmare, Wright mine    ...... . . . . . . . . . . . . . . . . . . . . . . . . . .  55.28 37.52 7.20
Kenmare, Smith mine    ..................................  53.24 40.59 6.17
Kenmare, Smith mine .......................................  44.49 43.57 11.94
Kenmare, Kraus mine      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   48.98 43.63 7.39
Burlington, Mouse River Lignite Coal Co. ........  56.02 34.79 9.19
Burlington, Mouse River Lignite Coal Co. ........  55.18 37.00 7.82
Burlington, Mouse River Lignite Coal Co. ........  52.21 32.72 15.07
Wilton, Washburn Coal Co ................................  51.87 41.10 7.03
Wilton, Washburn Coal Co ................................  50.97 42.26 6.77
Wilton, Ecklund Coal Co ...................................  53.75 41.62 4.63
Wilton, Ecklund Coal Co .................................... 53.67 40.61 5.72
Wilton, Ecklund Coal Co..........................................  50.47 42.41 7.12
Lehigh, Lehigh Coal Co. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.22 42.63 8.14
Lehigh, Lehigh mine  ..........................................  46.50 43.57 9.93
Lehigh, Lehigh mine  ..........................................  51.60 39.99 8.41
Lehigh, Lehigh mine    ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48.24 40.87 10.89
Lehigh, Lehigh mine  ..........................................  48.53 44.32 7.15
Lehigh, Lehigh mine  ..........................................  51.80 41.58 6.61
Lehigh, Lehigh mine    ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51.30 40.97 7.73
Lehigh, Lehigh mine  ..........................................  54.06 37.06 8.88
Near Williston, Brown & French ........................  51.80 43.98 4.22
Near Williston, Dahl mine .................................  52.78 42.65 4.57
Near Williston, Dahl mine  .................................  49.73 43.08 6.29

Average of the twenty-six samples ..  .... 52.08 40.33 7.50

Deductions from Analyses.-The method of analysis employed in 
the tables given above differs from that commonly used for 
lignites in computing the percentage of moisture first, and 
then, after expelling the moisture, in determining the amount of 
the other constituents. The percentage of fixed carbon, volatile 
matter and ash is made somewhat higher than when the undried 
coal is analyzed. The practical difficulty in bringing the lignite 
to the laboratory without partial drying, however, makes it much 
more practical to compute their composition on a dry basis. 

Even when allowances are made for this method of computation, 
the percentage of fixed carbon is high enough, if this alone is 
considered, to prove these coals from the lignites and place 
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them with the sembituminous or steam coals. The content of 
water, however, about 30 per cent, restricts .them to the 
former class. 

EVAPORATIVE TESTS 
More satisfactory then either chemical or calorimetric 

tests. are practical evaporative tests carried on with boilers of 
standard. patterns. A number of such tests have been made, 
and in some cases, in the same boilers and under practically the 
same conditions, eastern coal has been tested, so that, knowing 
the price of each coal at the point given, it is possible to 
determine quite definitely the economy resulting from the use of 
lignite. 

The following test was made at the asylum for the insame at 
Jamestown, by Chief Engineer Thos. Pettigrew, whose 
careful study of proper methods for burning lignite has greatly 
advanced' the lignite industry. The statement introducing the 
test is written by him : 

"The use of lignite coal at this institution (asylum for the 
insane) started in 1890. Since that time we have used it con-
tinually for generating steam, and for the past eight years 
have used it exclusively for cooking in the general kitchen 
of the institution. Lignite coal can be burned in any furnace 
that burns hard or soft coal. 

"The coal was burned on the soft coal grate and furnace 
up to the winter of 1894-5, when there was a change made in 
the furnace by arching over the grate with fire brick, and using 
the forced blast with a fan, which very much increased the 
value of the coal for making steam, by getting more benefit 
from the hydro-carbon of the coal. 

"Eastern bituminous coal was tested against lignite in 1894, 
which gives- the value of Dakota coal in comparison with 
the best bituminous coal in the market (which is 
Youghiogheny coal). I tested. Youghiogheny coal first_ with 
the boilers before making any alteration for the lignite coal, 
and there was little difference between the tests of lignite 
coal. We find from our experience at this institution that the 
coal fresh from the mine gives us as good results as the coal 
when dry. One pound of lignite eoal fresh mined will 
evaporate as much water as a pound of lignite dried." 
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The following table shows the result of the tests made here : 
Youghiogheny Lignite 

Coal Coal 
Date of test .................................................................  Aug. 6, 1894 Aug. 8, 1894 
Duration of test. .........................................................  7 hrs. 30 mins. S hrs. 
Average temperature of feed water ....................  74 Fahr. 74 Fahr. 
Pounds of coal burned ..........................................  1,400 3,370 
Pounds of combustible ..........................................  1,243 3,170 
Per cent of ash . 11.21 5.93 
Pounds of coal burned per square foot of grate 

per hour    .................................................  8.29 18.72
Total water evaporated at temperature of feed ..  8,837 lbs. 14,157 lbs.



Water evaporated in pounds, per pound of coal, 
actual condition.............................................  

6.312 4.2 

Water evaporated in pounds, per pound of com-
bustible ............................................................  

7.1 4.46 

Temperature of flue gases ....................................  510 Fahr. 510 Fahr.
Boiler 6 feet in diameter by 16 feet long with 

thirty four and one-half in. flues. Grate 
surface four ft. five in. by five ft. Coal 
three days from mine. Value of coal .....  1.00 

.665 

The cost of Youghiogheny lump at Jamestown was $6.80 
per ton and of lignite $2.80. 

Result of Evaporative Test Made by the Missouri River 
Milling Co., at Mandan.—Fuel, Lehigh lignite: 
Duration of test    .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 hours 
Kind of furnace  ............................................................................. Smith-White 
Grate surface    ..................................................................... 30 square feet 
Width of air space in grate  ............................................................  4 inch 
Water heating surface  ................................................................... 1,549 square feet 
Ratio of water heating surface to grate surface . . . . . . . . . . . . . . .  . . . . . . . .51-
1 
Average steam pressure   ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
Average temperature of feed water entering boiler  ......................... 175 deg. F. 
Total coal fed to • furnace    ...................................................... 12,221 pounds 
Moisture in coal    .................................................................................... 23 per ccnt 
Coal consumed per square foot of grate per hour  ............................ 37 lbs. 
Cost of coal delivered at mill, per ton  ............................................. $1.60 
Total cost of coal  .................................................................................$9.77 
Total weight of water fed to boiler  ................................................. 5,635 lbs. 
Water evaporated per hour from and at 212 degrees  ..................................... 5,554 
Horse power developed  .............................................................................. 163 
Cost of fuel for evaporating 1,000 lbs. of water  ................................... 1734 cts. 
Average horse power of engine    .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 
Cost per horse power per hour  ...............................................................  .0047 

The mill has a capacity of 450 barrels of flour per day, 
and the cost of fuel when lignite is burned per barrel of flour 
ground is 4.46 cents. 
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Trial Test of Wilton Lignite Coal in the Fargo-Edison Co.'s 

Plant, January 9, I90.r.-Duration of test, twelve hours. Time of test 
from 4 p. m. to 4 a. m., January 9, 1901: 
 ................................................ Two 72-16 tubular, one 200 H. P. Heine water tube 
 .................................................................................................................4,823 square feet 
 ................................................................................................................... 88 square feet 

83 lbs. 140 degrees 26,400 lbs. $2.60  
$ 3 4 . 3 2  Total weight of water 
pumped into boilers and apparently evapor- 

ated    ....................................................................................................... 97,500 lbs. 
Water evaporated per lb. of coal from average pressure and tempera- 

ture 3  7 lbs. 
Equivalent evaporation from and at 212 degrees 4  1 
Coal burned per square foot of grate per hour  ..................................... 25 lbs. 
 C o s t  o f  f u e l  t o  e v a p o r a t e  1 , 0 0 0  l b s .  o f  w a t e r      . 3 5 2  c e n t s  
Per cent of moisture in coal  .............................................................. 30 per cent 
Per cent of refuse in coal  .................................................................. 3V2 per cent 

Trial Test of Youghiogheny Screened Lump Coal at the Far- 
go-Edison Co.'s Plant.-Duration of test, twelve hours, from 4 p. m. 
to 4 a. m., January 10, 1901: 
 Boilers used    one 72-16 tubular, two 200 H. P. Heine water tube 
Grate surface  ............................................................................................ 64 square feet 
Water heating surface  ............................................................. 3,323 square feet 
Average steam pressure  ........................................................................................ 83 lbs. 
Average temperature of feed water  .......................................  147 degrees 
Total weight of coal fired  ........................................................  11,480 lbs. 

Cost of coal per ton of 2,000 lbs. at boiler  ............................................ $5 . 42 
Total cost of coal    ....................................................................... $31.11 

Total weight of water pumped into boilers and apparently 
ated 

Water evaporated per lb. of coal from average temperature and 
s u r e    Equivalent evaporation 

from and at 212 degrees Coal. burned per square foot of grate per hour Cost of 
coal to evaporate 1,000 lbs. of water   
Per cent of moisture in coal  ..................  
Per cent of refuse in coal  ..........................  

While the tests just given show that at the prices quoted 
eastern coal has a slight advantage over lignite, as a matter of 
fact the Fargo-Edison company has obtained prices on lignite de-
livered at their plant which renders it a matter of great economy to 
use lignite, and all of their power is developed with the use of this 
fuel. 
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Boiler Test Taken at the North Dakota Agricultural College, 
March 8, 1902, by Class in Steam Boilers: 

Duration of test 8  5 hrs. 
Average atmospheric pressure  ..................................  28.5 in .  



Gauge pressure  ............................................................................ 73.8 lbs. 
Temperature of feed water  ................................ 144 degrees F. 
Kind of fuel  ...................................................... "White Ash" lignite 
Percentage of moisture in coal  .............................  36 per cent 

square feet .025 3,907 None 

Average coal burned in fifteen minutes  ...................................... 144.91 lbs. 
Total refuse from coal  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 lbs. 
Average combustible for fifteen 
Total combustible  .......................................................................................... 2,314.5 lbs. 

minutes  .......................................................... 68 . 05 

Quality of steam (saturated steam taken as unity)  ....................... 97 per cent 
Total water pumped into the boiler  ..................................................... 1,236.5 lbs. 
Water apparently evaporated per pound of fuel burned 3  16 
Water actually evaporated, corrected from moisture  ........................ 11,994 lbs. 
Equivalent water evaporated into dry steam from and at 212 

degrees F  ...................................................................................................... 13,228 lbs. 
18. Equivalent evaporation into dry steam from and at 212 degrees F. per 

pound of dry coal burned 3  385 lbs. 
19. Coal burned per square foot of grate surface, per hour  ....... 18.38 lbs. 
20. Water evaporated from and at 212 degrees F. per square foot of heating 

surface  ............................................................................................. 1.606 lbs. 
21. Equivalent evaporation into dry steam into pound of com-

bustible 
22. This is the calorimeter test for coal. 

Average ash  . . . . . . . . . . . .   
Combustible  .......................................................................  

GAS ANALYSIS 
CO2  ...........................................................................  
0 .................................................................................  
CO ..................................................................................  

Test conducted by Lewis Larson. 
In these tests natural draft only was used. 
Test at State University.-On November 17, 1902, a preliminary 

test of lignite coal from the mine of the Kenmare Coal Co. was 
Boilers used Total heating surface Total grate surface Average steam pressure   
Average temperature of feed Total weight of coal fired   Cost of coal per ton of 
2,000 Total cost of coal 

water 

lbs. at bevapor- oilers  ........................................  
 ..........
pres- .............................................................................................. 93,200 lbs. 

8  12 lbs. 
8  90 lbs. 

 ............................................................................................................... 15 lbs. 
.3328 cents 

No. 



1. Descripton of boiler: Common fire tubular boiler, with sixty-two flues, 
three inches in diameter, sixteen feet long; diameter of shell, sixty 
inches. 

2.  Water  heat ing surface   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .962 
3. Ratio of water heat ing surface to grate surface  . . . . . . . . . . . . .   
4. Pounds  o f  coa l  burned   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   
Z. Unburned fuel  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6.  
7.  
8.  
9.  

10.  
11.  
12.  
13.  
14.  
15.  
16.  
17.  

5  68 
Per Cent 

9.03 
 90.97 

Per Cent 
7 

6 
1.05 



180 THE L IGNITE COAL F IELDS OF NORTH DAKOTA 

made under boilers 1 and 3 of the State University heating plant. 
During the coming winter more elaborate tests will be made 
under boilers provided with the lignite fire brick arch and under 
boilers without arches„ which it is hoped will settle the disputed 
question as to the real worth of these arches. For the test given 
below a,-stealin calorimeter was not available, and the water fed to 
the boiler is assumed to have been evaporated. The boilers are fire 
tubular, diameter of shell fifty-four inches. Each contain forty- 
eight sixteen-foot flues with inside diameter of three and a half 
inches, and each contains 841.76 square feet of heating surface. 
They are provided with the lignite fire brick arches, and the test 
was made under forced draft from a fan. 
D u r a t i o n  o f  t e s t   1 2 1 / 2  h o u r s  
Percentage of moisture as shown by four days'  drying  10 per cent 
P e r c e n t a g e  o f  a s h  7   8 2 8  p e r  c e n t  
Evaporated per pound of fuel from and at 212 degrees Fahr... ..4.307 lbs.. 
Evaporated per pound combustible (coal minus ash and water) from 

a n d  a t  2 1 2  F a h r  5   2 4 2  l b s .  
With boiler and grate conditions about like those used in the 

test at the asylum for the insane, already quoted, three Iowa 
coals tested at Des Moines gave per pound of coal a water evap-
oration of from and at 212 degrees F. of 5.44, 5.21 and 6.52' 
pounds respectively. Four standard Missouri coals gave 6.84, 
6.27, 6.23 and 5.86 pounds respectively.* Comparing the results 
obtained with lignite with these—taking the evaporative powers 
of lignite at 4.1 pounds, which is conservative—the lignite appears. to 
be worth 75 per cent of the Iowa coal, and 70 per cent of the 
Missouri product. 

Locomotive Tests.—The question of fuel for locomotives in 
North Dakota is an important one. The lignite has generally 
been regarded as too light a fuel, and other coals are commonly 
used. An engine was especially constructed by the Baldwin 
Locomotive works for the Bismarck, Washburn & Great Falls 
railroad for the purpose of using lignite as fuel. The engine 
has compound, double entry cylinders, the high pressure four-
teen inches in diameter, and the low-twenty-four, with twenty-six- 
inch stroke, drive wheels fifty inches in diameter. The waist of 
boiler is sixty-eight and three-fourths inches, number of tubes. 
270, two inches in diameter and sixteen and one-half feet long. 
The fire box is ninety-six inches long and eighty-four inches. 

* The Western Interior Coal Field, 22d Annual Report. U. S. Geological Survey, p. 349, FUEL 
VALUES OF LIGNITES OF NORTH DAKOTA 181 



wide. The fire is drawn back over a brick arch, preventing the 
drawing of the fuel out by too strong a draft, and the arch 
becoming incandescent aids in the burning of the volatile gases. 
The chief characteristic of the engine is the longer and wider 
fire box, the brick arch which is in use for ordinary coal being 
merely accentuated. 

The following account of the testing of the locomotive was 
written by Mr. E. H. Walker of the Washburn road and published in 
the Bismarck Tribune : 

The recent test of lignite as a fuel for engines on the Northern Pacific 
road, in hauling heavily loaded freight trains over the main line of that 
road, was a successful one in every particular. The test proves that with 
engines constructed for the consumption of lignite coal this fuel is avail-
able for use on roads at a great saving over the fuel at present in use. 
Railroad men from all parts of the country are interested in the test, which 
is the first practical application made of the fuel in an engine especially 
designed for its use. The principal objection in the past, when tests of 
lignite coal have been made in railroad locomotives, has been that the draft 
has lifted the fire out of the fire box and carried the live coals through the 
flues and out of the stack, rendering it difficult to keep a fire. This has 
been overcome in the -construction of engine No. 3, the Washburn road 
engine with which the recent test was made. The engine has a brick arch 
over the fire box, which prevents the lifting of the fire, which passes around 
the end of the arch, and then through the flues, keeping a steady and hot 
flame. All gases from the coal rise to the top of the arch, where they are 
consumed. As a result, there is little smoke from the engines, and what 
smoke escapes is light in color, and does not roll forth in thick, black clouds 
produced by the consumption of the bituminous coal with the standard engines. 

The officials of the Northern Pacific road have prepared the figures 
of the tests made between Mandan and Jamestown both on the down trip 
and the return, and they have been certified to. The following are the 
official figures for the first trip, from Mandan to Jamestown, February 19: 

Distance, 106 miles. 
Train left Mandan, 9:05 a. m. 
Arrived at Jamestown, 7 :30 p. m. 
Actual running time, five hours, thirty-five minutes. 
Average speed, twenty miles per hour. 
Average steam pressure, 198 pounds. 
Amount of lignite coal consumed, eighteen tons, 500 pounds. 
Tonnage behind tender, 1,316 tons. 
Number of cars, forty-three loads. 
Estimated number of tons of eastern coal to make trip same run and 

train, eight tons. 
Cost per ton, eastern coal at Mandan, $4.03. 
Total cost of eastern coal for trip, eight tons, $32.24. 
Cost of lignite coal, eighteen tons, 500 pounds, at $1 per ton, $18.25. 
Saving in favor of lignite, $13.99, or 43.4 per cent. 
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On the following day a test trip was made west bound with the same 
engine and an increased load, and the following figures are given: 
Distance, 106 miles. 

Left Jamestown, 10:10 a. m. 
Arrived at Mandan 1:30 a. m. 
Actual running time, seven hours, thirty minutes. 
Average speed, twelve miles per hour. 
Average steam pressure, 196 pounds. 
Amount of coal consumed, twenty-fqur tons, 500 pounds. 
Tonnage behind tender, 1,564 tons. 

Number of cars, forty-one loads, five empties. 
Number of tons of eastern coal to make same trip with same train, 

eleven tons. 
Cost of eastern coal, $44.33. 
Cost of lignite, $24.25. 
Saving, $20.08, or 45.3 per cent. 
The test was made with engine No. 3 of the Bismarck, Washburn & 

Great Falls road. The engine was made to order for the Washburn road by 
the Baldwin Locomotive works, designed especially for the burning of lignite 
coal. It is a Vauclain compound six-wheel coupled, with trailing truck and fifty-
four-inch drivers, 200 pounds steam pressure, and 24x17x26 cylinder. 

It has a wagon top boiler, and the weight of the engine is 156,000 pounds, and 
the weight on the drivers 120,000 'founds. 

The test was supervised by Master Mechanic Currie, Traveling Engineer 
Larrison and Trainmaster Blewett for the Northern Pacific road, and 
Master Mechanic Burrows and Traffic Manager Walker for the Washburn 
road. The tender was coaled at Bismarck and Dawson on the down trip and 
at Medina and McKenzie on the return trip. 

The test will be followed up with others, and if the same ratio of saving is 
proven, the Northern Pacific will probably take up the matter of coaling in this 
section of the country with lignite, at least on part of its service. A 
demonstrated saving of over 40 per cent on fuel is an item that will be of 
considerable consequence in considering the availability of lignite coal as 
fuel. 

A more detailed statement of certain phases of the tests is 
given below : 

Trip west bound, February 20th, Jamestown to Mandan : 
Average train tons  ............................................................................ 1,564 tons 
Number of cars in train  ............................................................ 40 loads, 5 empties 
Amount of coal consumed. (This includes the amount used in firing up 

engine at Jamestown and in yard, which is estimated at two 
and a half tons) ............................................................. 25 tons, 500 lbs. 

Average steam pressure maintained  ....................................................... 188 . 28 
Maximum   ................................................................................................. .200 lbs. 

 M i n i m u m      1 4 0  l b s .  
Average water level .............................................................................  4.....................................................................................................................................................................53 gauges 

Maximum  ................................................................................................... 3 gauges 
Minimum    ..................................................... IA gauge Average cut-off 
 .................................................................................................. 4.53 notches 

Maximum   .............................................................................................. 10 notches 



Minimum  ...................................................................................................  1 notch 
Pounds of water evaporated per pound of coal  ................................ 2.118 lbs. 
Running time, including delays  ................................  15 hours, 42 minutes 
Running time not including delays  ...............................  8 hours, 2 minutes 

NoTE—Stearn pressure and water level noted every five minutes when 
engine pulling train. 

NoTE—Reverse lever is arranged with ten notches from center, in forward 
gear ; blank space of three and one-half notches and one-half notch from 
center to first notch and one notch per inch thereafter. 

NOTE—Distance from Mandan to Jamestown, 106 miles. 
NOTE—Grade track rated at 4 -10ths grade. 
NOTE—Weather favorable; rails dry; temperature about freezing ; 

engineer and fireman used were totally unfamiliar with the Northern 
Pacific track. 

Trip east bound, February 19th, Mandan to Jamestown : 
Average train tons    ................................................................... 1,288 tons 
Number of cars in train  ...................................................................... 42 loads 
Total amount of coal consumed. (This includes amount used in firing up 

and running engine six miles to deliver at Mandan. Estimated 
quantity for this performance three tons)  ........................................  18 tons 

Average steam pressure maintained  ...................................................... 195.15 lbs. 
Maximum   .................................................................................................... 200 lbs. 
Minimum    .................................................................................................... 160 lbs. 

Average water level in boilers as shown by gauge cocks 2  88 gauges 
Maximum   .................................................................................................. 3 gauges 
Minimum  ................................................................................................... V2 gauge 

Average cut-off as shown by reverse lever quadrant ........................ 2  5 notches 
Maximum  .................................................................................................. 9 notches 
Minimum  ...................................................................................................... 1 notch 

Pounds of water evaporated per pound of coal ........................................ 2  403 lbs. 
Running time, including delays  ........................................ 11 hours, 30 minutes 
Running time, not including delays  .............................. 5 hours„ 57 minutes 

Practical Tests in Mill and Electric Plants.—Two large flouring 
mills at Mandan and Jamestown use lignite exclusively for fuel, 
the freight rate to Mandan on lignite being somewhat less than 
that to Jamestown. The cost of fuel per barrel of flour at both of 
these mills is 4Y2 cents. A description of the boiler and grates used 
by the Missouri Valley Milling Company at Mandan has already 
been given. 

The plant of the Russell-Miller Milling Company at James-
town, a 500-barrel mill, uses a single boiler, seventy-two inches by 
sixteen feet, with seventy-two four-inch flues. Shaking grates 
giving an area of thirty-six square feet, with one-half inch air 
spaces, are used. Forced draft secured by a fan 
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employed. One hundred and seventy horse power is maintained 
for twelve hours with the use of 7,600 pounds of Washburn 
lignite. The engine is a Corliss, compound condensing, rated 
at only 165 horse power. A careful test has shown that 3.73 
pounds of Wilton lignite will maintain one horse power- per hour. 
With lignite at $2.45 at the mill the cost of making a barrel of 
flour is 4.5 cents. 

The Hebron Roller mill burns four tons of lignite in twenty- 
four hours with an output of 100 barrels of flour, besides custom 
work. Natural draft and ordinary grates are used. 

The Kenmare Roller mill, using a boiler sixty-six inches in 
diameter and sixteen feet long, and grate with three-eighth-inch 
openings, uses 161 pounds of slack lignite per hour to generate 
forty horse power, the steam pressure being sixty-five pounds. 

The Washburn Roller mill maintains thirty horse power for 
twelve hours with one and one-half tons of lignite. The boiler 
is twelve feet by thirty-six inches, and the engine small and 
c r o w d e d .  -  

The New Salem Roller Mill Co. is operating a 125-barrel mill 
to its full capacity. The boiler is fourteen feet by fifty-two inches, 
and the engine is rated at seventy-five horse power. Forceo 
draft is employed. In twelve hours 3,700 pounds of lignite are 
burned. 

The electric plant at Dickinson burns lignite under a boiler 
seventy-two inches in diameter and seventeen feet long, using 
ordinary grates and forced draft, the fan being driven by a two 
horse power motor. 

The Minot Electric Light Company employs two boilers six-
teen feet long and fifty-four inches in diameter. Fifty horse power 
is maintained for ten hours with two tons of green lignite. Natural 
draft is used, and the engineer does the• firing also. 

The Bismarck Electric plant supplies that city with light at 
an expense of from two to three tons of l ignite per night, 
The streets are well lighted, and the amount of custom lighting 
i s  l a r g e .  -  

The United States Weather Bureau- at Bismarck formerly 
burned anthracite wholly at $10.50 per ton, from September to 
May, at an average monthly expense of $50 for the two large 
buildings. Appliances for burning lignite were introduced and 
the fuel bill in consequence reduced to $16 per month, the cost of 
lignite being about $2 per ton. 



North Dakota Geological Survey.

The Power House at the State University, Illustrating Forced Draft 
Appliance. 
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Lignite for Burning Brick.—Since the lignite occurs with 
very valuable deposits of clay, it furnishes the natural fuel for 
burning brick in this state. It is used for this purpose at Dick-
inson, Williston, Washburn, Burlington, New Salem, and a number 
of the newly organized mining companies propose to undertake 
the manufacturing of brick as well. 

The Dickinson Pressed Brick and Fire Clay Company burns 
1,000 red brick at a temperature of 1,500 degrees with 1,500 
pounds of lignite. Both forced and induced draft is used in their 
kilns. 

The Bowser Brothers' brick yard at New Salem and the 
Davis yard near Burlington obtain about the same results, namely, 
burn on the average 1,000 brick with 1,500 pounds of lignite. At 
these yards natural draft only is used. 

HOW TO BURN LIGNITE 
For Steam Purposes.—Automatic Stokers.—In plants where 

considerable quantities of lignite are used, automatic stokers 
with forced drafts give most satisfactory results. At the Fargo- 
Edison Electric plant, at Fargo, stokers which burn the refuse 
from the Washburn mine, which consists of the cuttings of the 
mining machines and the fine coal incidental to blasting, are in 
successful operation, and demonstrate clearly the ability of lignite 
to compete with eastern coal in the Red river valley. The lignite, 
varying in size from dust to fragments of half a pound weight, 
is shoveled into hoppers and fed into the furnace by a screw eight 
or nine inches in diameter, the flanges being six inches apart. Forced 
draft is introduced into the ash pit. The cost of firing is greatly 
reduced, and the fires are exceedingly uniform. Other forms of 
stokers are doubtless practical. 

When an economic method of drying the lignite before ship.- 
ping from the mine is found, it will be possible to save 30 
per cent of the freight. With automatic stokers, the fact that it 
is reduced to fragments in the process of drying will be desirable. 

Forced Draft and Arches.—On account of the gases that 
lignite contains, volatile at a moderate temperature, special 
devices have been introduced in furnaces intended for its con-
sumption in which these gases shall be promptly raised to the 
temperature necessary to secure their complete combustion. 
For this purpose an arch of fire brick is frequently built over the 
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front of the fire box, which becoming intensely hot secures the 
combustion of the gases that come in contact with it. That it is 
useful for this purpose there can be no question, The question 
remains as to whether it adds to the efficiency of the coal, since it 
shuts off a portion of the boiler from direct contact with the fire 
and interferes with firing when fuel is fed with a shovel. To a 
certain extent the bricks themselves conduct heat to the boiler. 
The question of their worth is not fully demonstrated, and the cost of 
their installation is considerable. Many persons who are using them 
consider them of great value. 

Forced draft is desirable if the plant is large, but lignite is 
giving excellent results in a number of plants where natural 
draft only is used. With forced draft a short stack is sufficient and 
this saving over the construction of a tall chimney is often enough 
to pay for the instal lation of the fan. The forced draft is 
introduced into the center of the ash pit and there caused to spread 
out, so that it reaches all parts of the grate uniformly. Induced draft is 
not recommended for any purpose in connection with lignite, though 
a combination of forced and induced drafts seems to solve 
satisfactorily certain difficulties in burning brick. 

Plate XXXV illustrates the power house at the University 
heating and lighting plant. The fan A is connected by the pipe 
B, which collects the hot air that accumulates above the boilers. This 
hot air is introduced under the gates at C, the amount entering 
being subject to a regulator. This regulator is connected with the 
steam pipe E, which feeds the steam to the engine, and also with the 
water pressure. When the steam pressure rises above the desired 
point, the engine running the fan is automatically shut off and the 
drafts are closed at the same time. When the steam pressure falls 
below the proper point, the valve which allows the steam to enter the 
engine operating the fan is opened mechanically, and the forced 
draft is renewed. The grater are of the fine, rocking fork pattern, 
and may be operated without opening the furnace doors. 

A hollow rocking grate, in which the forced draft passes 
through the grates and out into the furnace through narrow slits, 
uniformly distributed, is giving satisfaction for burning lignite at 
Moorhead, Fargo, Valley City and Mandan. This grate is illustrated 
in plate XXXVI. 

Firing Lignite Under Boilers Where Forced Draft is Not 
Used.—Very satisfactory results are being obtained with 
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and natural draft at the Minot electric light plant, the Ken- 
mare roller mill and similar institutions throughout the state. 
With natural draft a large boiler and grate surface are desirable, 
though not absolutely essential, and more experience in firing 
lignite is necessary. The fires should not be allowed to fall off, 
for if green lignite is thrown in the furnace when the steam is 
falling it acts like a blanket and temporarily smothers the fire. 
Fuel should be added when the fire is high, and by the time the 
steam guage begins to drop the fresh lignite has been dried and is ready 
to burn. It is a good plan to fire but one side of the furnace at a time. 

Lignite for Domestic Purposes.—Nearly every large stove 
factory in the country is at present putting on the market a 
stove especially adapted for burning lignite, and many of these 
stoves are highly successful. The odor from partially consumed 
gases is wholly done away with, and an abundance of heat, 
easily regulated and maintained, is secured. A smouldering fire 
may be kept for a long time, either in kitchen range or heater, 
which, by a proper adjustment of draughts, may be quickly aroused to 
great activity. 

In stoves that are designed for anthracite lignite will burn, and 
those who do not find it practical to discard old stoves for those 
especially planned for lignite are not placed at a great disadvantage by 
its use. 

Briquetting Lignite.—In this connection the lignite presents 
great possibilities. Briquettes are concentrated lignite, dried, clean 
and of convenient size to handle. They are fuel bricks, weighing from 
half a pound to two or more pounds, and when properly made will 
stand exposure to any sort of weather. They are a favorite form of 
fuel in all parts of the old world, where lignite is used in large 
quantities. 

Condensed fuel in this form is desirable when the item of 
transportation is a large one in the fuel problem, as is especially true 
in the North Dakota lignites. In the form of briquettes it may be 
possible to bring the lignite even from the western boundary of the 
state to market. Briquettes will burn nicely in any stove ir which 
wood or bituminous coal can be burned, and while they are used in 
Europe for all purposes, in our state it may be predicted that they 
will first be put on the market for domestic use. In the preparation 
of briquettes the lignite must first be finely 
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crushed and dried. According to German practice,* the crushed 
coal is passed through warmers, through which it is moved 
mechanically, obtaining a temperature of 100 degrees F. Thence it 
goes into warm storage bins where its temperature is raised to 
180 degrees F. During this process it loses two-thirds of its 
moisture. It is found necessary to bring the temperature back to 100 
degrees F. before it goes to the presses. The fine dried coal may be 
consolidated into briquettes mechanically, by pressure alone, or a "binder" 
in the shape of some cement tray be used. Tar, pitch and asphalt are 
common binders, which add to the combustion of the briquette. 
Milk of lime is an excellent binder, which, while adding nothing in 
the way of inflammable matter to the briquette, is inexpensive and 
may be used in such small quantities as not to interfere with its 
burning. 

In a new community the scarcity and expense of labor is the 
great factor which must be considered in planning manufacturing 
enterprises, and the briquetting of lignite is no exception. With 
the increase in population this industry is certain to come to the 
front, for the mechanical difficulties which it presents are already in a 
fair way to be solved. A number of persons and companies have 
attacked the problem vigorously and are meeting with success. 
The following letter from Hon. W. D. Washburn states concisely the 
outcome of one of the most important series of experiments : 

MINNEAPOLIS, Minn., September 24, 1902. Mr. 

Frank A. Wilder, Director State Geological Survey, Grand Forks, N. D.: 

DEAR SIR : I am in receipt of your letter of the 22d inst. I have been 
giving, in the past two years, a great deal of attention to the matter of 
briquetting lignite coal from North Dakota. I have investigated the subject 
in many directions, but as yet have reached no definite conclusions or results .  
Part ies  in  Pit tsburg have been exper iment ing on this  matter  for the last 
year and a half, or nearly two years. The great difficulty in briquetting this 
coal, you understand, is in the matter of securing a binder that will make it 
possible to briquette this coal at an expense that will make it commercially 
feasible. The Pittsburg people have been giving great encouragement in 
briquetting this coal without any binder, but as yet have not succeeded. There 
are many objections to using a binder. Among them the large cost and also 
making the briquettes disagreeable in smoke and odor. 

I have,  within the past  few days ,  received a let ter from a party in 
* Die Press Kohlen-Industrie, Ein Handbuch der Stein Kohlen and Bratin Kohlen 

Briquettirung von Eduard Preissig, Bergdirector in Prag. 
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New York, sending me samples of briquettes, and this seems the most 
promising of any that has yet turned up. The briquettes sent in the 
samples appear to be very satisfactory, more so than any I have ever seen made 



from this coal. I am sending him another lot of coal from which he will make 
a greater number of briquettes than already sent. I have great hopes that 
something may come from this direction. I shall be very glad to give you all 
the information that I secure from time to time. 

Yours sincerely, 
W. D. WASHBURN, 

President. 
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SIGNIFICANCE OF THE LIGNITE TO 
THE STATE 

Forests do not exist in North Dakota, though the valleys of 
the Red river, the Mouse, the Cheyenne, the Missouri and smaller 
streams are well wooded, and the term timber land may fairly be 
applied to certain parts of the Turtle and Pembina plateaus. 
Large trees are generally confined to the flood plain, though at 
times they are found on the first terrace as well, while in the 
tributary coulees- and ravines groves are nearly always found on 
the side protected from the prevailing wind. About some of the 
lakes there are fine groves that have furnished fuel in considable 
quantities. Though wood is still cut for fuel along some of the 
'larger streams, the supply grows less every year, and the price 
rises proportionately. Near the eastern boundary of the state 
wood from Minnesota is used, but the cost is rapidly increasing. 

For, the western part of the state wood does not enter as a 
factor into the fuel problem, while in the Red river valley the 
limit of the wood supply is easily in sight. The question of the 
coal supply, therefore, becomes a vital one to the rapidly growing 
state. 
P O S I T I O N  O F  T H E  S T A T E  W I T H  R E F E R E NC E  T O  T H E  E A S T E R N  A N D 

WESTERN BITUMINOUS AND ANTHRACITE FIELDS 

The Red River Valley.—Coal from the eastern fields reaches 
North Dakota from Duluth, to which point it is shipped by 
boat at low rates. The reloading and long haul across Minnesota 
have added materially to its cost when it reaches the Red river 
valley, while a considerable addition to its, selling price must 
again be made to defray freight charges when it reaches the 
center of the state. 

Ordinarily, Hocking valley coal, when contracted for in con-
siderable quantities, costs from $5.25 to $5.50 per ton in the Red 
river valley. The selling price of Youghiogheny coal is about 
the same. Lignite throughout the Red river valley sells at about 
$3 though one or two large consumers have secured figures con- 
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siderably below this. At $3 a ton the economy of lignite for steam 



purposes in this region is not wholly demonstrated At $2, however, 
there is a decided advantage in its favor. For stoves and ranges 
the lignite may be used advantageously at a higher price. It 
is but a question of time, however, till cost of production will be 
cheapened, and a large volume of trade will justify lower freight 
rates, assuring the use of lignite, even in western Minnesota, for 
all purposes. 

Lignite Shipments to Minnesota.—For domestic purposes 
lignite is now being shipped in considerable quantities to Minne-
apolis and St Paul, and the demand from these centers is destined 
to increase. Its great convenience for use in ranges greatly add:: to 
its value. When the problem of briquetting the lignite is solved, it 
will be practical to extend the market even farther cast. The 
briquette is a concentrated fuel, thoroughly dry and clean and 
convenient to handle, and justifies shipment to more distant points 
than does the raw material. 

The James River Valley.—Some fifty miles before the James 
river valley is reached the line beyond which under present con-
ditions eastern coal can in any way compete with lignite i: , 
passed, and in the valley itself conditions are strongly in favor of 
the North Dakota fuel. At Jamestown, under favorable condi-
tions, Youghiogheny coal costs from $6.80 to $7 a ton while 
lignite retails at less than $3. This wide stretch of fertile and 
prosperous country is destined to form a constantly growing market 
for the coal mined in the western half of the state. 

The Missouri Valley.—Before the Missouri is reached, the 
lignite area is entered, and so fully is the worth of the native 
fuel realizes that eastern coals are rarely quoted at Bismarck. 
Red Lodge coal mined in Montana is used by the Northern Pacific 
railroad, but on account of .freight rates is not offered for sale in 
North Dakota. Sand Coulee coal, also a Montana product, is 
burned by the Great Northern locomotives, but on both of these 
roads lignite is used in the western half of the state for their engines at 
pumping stations. 

Freight Rates on Lignite.—There is no greater factor in the 
problem of the development of the lignite industry than the cost of 
,transportation. The rates as now established on the roads entering 
the lignite area are given below : 



1 9 2  T H E  L I G N I T E  C O A L  F I E L D S  O F  N O R T H  D A K O T A  

Northern Pacific Railway Company in Connection With 
Bismarck Washburn & Great Fails Railway from Wilton, N. 
D., to , Stations in North Dakota and Minnesota: 
 Rate in Cents 

Per Ton of 
2,000 Pounds 

Rate in Cents. 

Per Ton of 
2,000 Pounds 

Apple Creek, N. D. ... $ .68 Hannaford, N. D ....................... $1.30'
Steele, N. D. ................. .90 McHenry, N. D.......................... 1.46
Jamestown, N. D.  ........ 1.10 Valley City, N. D. .................... 1.26
Carrington, N. D.... 1.30 Tower City, N. D..................... 1.30'
Leeds, N. D.  ................. 1.54 Casselton, N. D ......................... 1.42
Grand Rapids, N. D ....... 1.30 Lucca, N. D.  ........................ 1.54
LaMoure, N. D ............... 1.30 Dalrymple, N. D ....................... 1.42
Edgeley, N. D ................. 1.38 Fargo, N. D ............................. 1.50'
Oakes, N. D ........................ 1.38 Moorhead, Minn..... 1.50'
Wyndmere, N. D .............. 1.58 Glyndon, Minn. ..................... 1.54
Great Bend, N. D ............. 1.69 Fertile, Minn.  .......................... 1.74
Wahpeton, N. D  ............ 1.69 Crookston, Minn. . . 1.78
Breckenridge, Minn. ..... 1.69 Red Lake Falls, Minn.... ... 1.78
Fergus Falls, Minn ...... 1.74 East Grand Forks, Minn ........ 1.85
Sheldon, N. D .................. 1.50 Grand Forks, N. D. .................. 1.85
Sanborn, N. D ............... 1.22 Grafton, N. D ........................... 1.96
Rogers, N. D ................... 1.26 Pembina, N. D.  .................... 2.06  

Northern Pacific Railway Company in Connection With 
Chi- sago & Northwestern Railway: 

From Bismarck, 
N. D., to 

Rate in Cents Per 
Ton of 2,000 Pounds 

From Bismarck, i. to Bi)smtarck, Rate in Cents Per 
Ton of 2,000 Pounds 

Ludden, N. D.  ....  $1.30 Faulkton, S. D......................... $1.74
Hecla, S. D ...........  1.34 Frankfort, S. D ................... 1.69
Aberdeen, S. D ....... 1.38 Groton, S. D. ....................... 1.78
Mansfield, S. D. 1.54 Watertown, S. D ................... 1.83-
Redfield, S. D .........  1.64
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Northern Pacific Railway Company from New Salem, 
Blue Grass, Sims and Lehigh, N. D., to Stations in North 
Dakota and Minnesota: 

 Rates in Cents Per Ton of 2,000 Pounds
from,- -,GrassTo New Salem Blue Sims Lehigh

Dickinson, N. D. ..................... $ .90 $ .90 $ .86 $ .30
Hebron, N. D.  ......................... .68 .68 .59 .59
Glenullin, N. D. ... .59 .59 .50 .75
Mandan, N. D.  ..................... .59 .59 .68 .98
Bismarck, N. 'D. ....................... .59 .68 .68 1.02
Jamestown, N. D. 1.10 1.14 1.14 1.42
Carrington, N. D. ................... 1.30 1.30 1.30 1.58
Sykeston N. D.  ..................... 1.34 1.34 1.38 1.67
Leeds, N. D.  ............................ 1.54 1.58 1.58 1.78



Grand Rapids, N. D ................. 1.30 1.30 1.30 1.58
LaMoure, N. D. ...... 1.30 1.34 1.34 1.64
Edgeley, N. D.  ........................ 1.38 1.42 1.42 1.69
Oakes, N. D.  ........................ 1.38 1.42 1.42 1.69
Wyndmere, N. D. .................... 1.58 .1.64 1.64 1.80
Great Bend, N. D. .... . . ... 1.69 1.69 1.69 1.85
Wahpeton, N. D ................... 1.69 1.69 1.71 1.87
Breckenridge, Minn. 1.69 1.69 1.71 1.87
Sheldon, N. D. ......................... 1.50 1.50 .1.54 1.75
Sanborn, N. D.  ..................... 1.22 1.22 1.26 1.50
Rogers, N. D.  .......................... 1.26 1.26 1.26 1.54
Hannaford, N. D .................. 1.30 1.34 1.34 1.64
McHenry, N. D. . . . . . . . .  . . . . . 1.46 1.46 1.50 1.74
Valley City, N. D...................... 1.26 1.26 1.30 1.58
Casselton, N. D.  ......................... 1.42 1.42 1.42 1.69
Lucca, N. D.  ....... . . . . . . . . . . . . . . . . 1.54 1.54 1.54 1.75
Dalrymple, N. D. .................. 1.42 1.42 1.46 1.71
Fargo, N. D.  ...... . . . . . . . . . . . . . . . . . 1.50 1.50 1.50 1.74
Moorhead, Minn. .................... 1.50 1.50 1.54 1.75
Glyndon, Minn.  ......................... 1.54 1.54 1.54 1.78
Fertile, Minn.  ............................. 1.74 1.74 1.75 1.92
Crookston, Minn. 1.78 1.80 1.80 1.96
Red Lake Falls, Minn. ............. 1.78 1.80 1.80 1.96
East Grand Forks, Minn.......... 1.85 1.85 1.87 2.03
Grand Forks, N. D ................ 1.85 1.85 1.87 2.03
Grafton, N. D  .......................  1.96 1.96 1.98 2.15
Pembina, N. D  .......................... 2.06 2.08 2.08 2.25 
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The Great Northern Railway from Des Lacs, N. D., to 
Stations in North Dakota: 

Rate in Dollars 
and Cents Per 

Miles From Ton of 2,000 
Des Lacs Pounds 

Rate in Dollars 
and Cents Per 

Miles From Ton of 2,000 
Des Lacs Pounds 

130 to Buford, N. D. .............. $1.10 258 to Grafton, N. D. ........... $1.64
110 to Williston, N. D. .......... 1.06 224 to Mayville, N. D.... 1.46
62 to White Earth, N. D. ... .81 266 to Casselton, N. D. .......... 1.67
12 to Minot, N. D....... .40 320 to Wahpeton, N. D. ....... 1.78

111 to Churchs Ferry, N. D.. 1.02 260 to Ripon, N. D. ............... 1.64
158 to Rolla, N. D.  ................. 1.22 317 to Aneta, N. D. ............... 1.78
130 to Devils Lake, N. D .... 1.10 257 to Hillsboro, N. D. ....... 1.64
154 to Lakota, N. D... . . . . . . 1.18 296 to Fargo, N. D. ............. 1.74
164 to Michigan City, N. D... 1.22 124 to Souris, N. D. ............. 1.06
190 to Larimore, N. D. ............. 1.34 168 to Brockett, N. D. ............. 1.26
266 to Langdon, N. D. .......... 1.67 306 to Walhalla, N. D. ......... 1.75
196 to Arvilla, N. D. 1.38 273 to Dresden, N. D.  ......... 1.67 
218 to Grand Forks, N. D.... 1.46 

The Great Northern Railway from Minot, N. D., to 
Stations in North Dakota: 

Rate in Dollars
Miles and Cents Per 
From Ton of 2,000 
Minot Pounds 

Rate in Dollars 
Miles and Cents Per 
From Ton of 2,000 
Minot Pounds 

142 to Buford, N. D. ............. $1.14 277 to Cavalier, N. D. ........... $1.69
74 to White Earth, N. D. .. .86 212 to Mayville, N. D. ........... 1.42•

99 to Bottineau, N. D. ....... .98 254 to Casselton, N. D. ........ 1.58
90 to Churchs Ferry, N. D... .94 208 to Wahpeton, N. D. ........ 1.75

137 to Rolla, N. D. ................ 1.14 227 to Galesburg, N. D. ........ 1.50
118 to Devils Lake, N. D..... 1.06 248 to Ripon, N. D. .............. 1.58
142 to Lakota, N. D. ............. 1.14 205 to Aneta, N. D.   ........... 1.74
153 to Michigan City, N. D... 1.18 245 to Hillsboro, N. D. ......... 1.54
179 to Larimore, N. D. ......... 1.30 284 to Fargo, N. D. .............. 1.69
255 to Langdon, N. D. ......... 1.58 112 to Souris, N. D. .............. 1.02
206 to Grand Forks, N. D. .. 1.42 293 to Walhalla, N. D. ......... 1.71
245 to Grafton, N. D.... ... 1.54 261 to Dresden, N D.  ............ 1.64 

Minneapolis, St. Paul & Sault Ste. Marie Railway, and 
Chicago & Northwestern Railway, joint tariff on Lignite Coal, 
in carloads, from Bismarck: 

To Rate Per Ton of 
2,000 Pounds 

Rate Per Ton of 
To 2,000 Pounds 

Aberdeen, S. D.  .... $1.46 Groton, S. D.  ......................... $1.78 
Redfield, S. D.  ...... 1.64 Watertown, S. D.  .................. 1.83 
Faulkton, S. D.  .... 1.74   
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Minneapolis, St. Paul & Sault Ste. Marie Railway, and 
Bismarck, Washburn & Great Falls Railway, joint tariffs on 
Lignite Coal in carloads from Wilton, N. D.: 

To Rate Per Ton To Rate Per Ton 
Wishek, N. D ............ $1.02 Hankinson, N. D. .. $1.54
Ashley, N. D.  ........... 1.06 Fairmount, N. D. ..... 1.64
Merricourt, N. D .... 1.18 Elbow Lake, Minn...... 1.71
Oakes, N. D.  ............. 1.30 Glenwood, Minn ........... 1.80
Lidgerwood, N. D.  ... 1.50   

Minneapolis, St. Paul and Sault Ste. Marie Railway: 
 Rates in Dollars per Ton of 2.000 lbs

From --,
From

To Davis and Bur. Kenmare
lington, N. D. N. D.

Portal, N. D.  .............................. $ .86 $ .59
Kenmare, N. D. .......................... .68 ....
Minot, N. D.  .............................. .40 .65
Velva, N. D.  ................. .59 .84
Balfour, N. D.    ........................... .68 .93
Harvey, N. D.    . . . . . . . . . . . . . . . . . . . . .90 1.15
Fessenden, N. D. ....................... .94 1.19
Carrington, N. D. ....................... 1.06 1.31
Valley City, N. D. ..................... 1.34 1.59
Hankinson, N. D. ....................... 1.54 1.79
Lidgerwood, N. D. ..................... 1.69 1.94
Oakes, N. D.  ............................ 1.80 2.05
Boynton, N. D.  ........................... 1.85 2.10
Wishek, N. D.  ....... . . . . . . . . . . . . . . . . . . 1.85 2.10
Braddock, N. D ............................. 1.85 2.10
Ashley N. D.  ............................... 2.03 2.28
Fairmount, N. D. ....................... 1.64 1.89
Elbow Lake, Minn. .................... 1.71 1.96
Glenwood, Minn.  ........................ 1.80 2.05

Possibility of River Transportation for Lignite.-At first 
the Missouri river, which flows through the center of the 
lignite area, with the lignite outcropping in heavy seams 
along its banks, and enters South Dakota, which is 
practically without fuel resources, promises to solve the 
perplexing problem of transportation. A careful study of 
actual conditions, however, does not place this 
proposition in an attractive light. The river is closed to 
navigation during that portion of the year when the coal 
industry is most active, and during the remainder of the 
year may be regarded as suitable for the navigation of boats of 
not more than three hundred tons. The time required for 
a round trip from Bismarck to Pierre is twelve days, 
and the daily expense of handling the steamer is 
considerable. One serious 
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attempt has been made to ship lignite to South Dakota points by 
boat, but it did not meet with success, due in part to the fact that a 
number of unique factors in the problem of transportation on the 
Missouri had not been considered. 

T H E  O P P O R T U N I T Y  T H A T  T H E  L I G N I T E  O F F E R S  F O R  D I V E R S I F I E D  

INDUSTRIES WITH THE STATE 

The desirability of diversifying the industry of a community so 
that local markets are created for the various commodities 
produced, is very manifest. If the farmer, the gardener and the 
aairyman can find a home market for their produce, due to the 
presence in the community of a large number of persons who are 
engaged in manufacturing, both producer and consumer profit by 
the fact that no charges for transportation are involved in their 
transactions. 

Lignite as Related to Land Interests.—The present and in a 
much larger measure the future prosperity of the western half of 
the state depends directly on its wealth of readily available fuel. 
Railroads are not numerous, and coal brought either from the east 
or west is very expensive on account of the long haul. Fully nine-
tenths of the inhabitants of this part of the state, however, have a 
lignite bank in operation within fifteen miles of their homes, and a 
great many of them obtain their fuel on their own premises. This 
could be done by a much larger number did not the demand 
made on their time in settling a new country make it more 
economical to haul fuel a few miles rather than expend the time 
necessary to open a lignite bank at their own door. Cheap and 
abundant fuel is an inducement honestly held out to the settlers 
throughout this great section of the state. 

The great significance of the lignite deposits to the question of 
irrigation is considered in a later chapter. By its use hundreds of 
thousands of acres of naturally fertile land will yield certain and 
abundant crops. 

The establishment of mills and creameries is greatly favored by 
the cheapness of lignite, and their presence in every community is a 
direct benefit to those engaged in agriculture. 

Lignite as Related to Manufacturing.—In practically every 
flouring mill in the state, west of the Red River valley, lignite is 
used to great advantage. Some of these mills are of large size, 
having a  da i ly  output  of  f rom 400 to 500 barrels a day in 



addition to custom grinding. Every year sees the erec- 
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tion of more mills, the territory in which they are found going 
farther and farther west as the country is subdued for the growth of 
cereals. 

There is no part of the state where dairying, carried on in 
connection with stock raising, cannot be carried on to great ad-
vantage, and this fact is manifesting itself in the increasing number 
of creameries that are being erected where a few 'years ago the stock 
raising interests were the only ones recognized. 

The great quantities of straw that are annually consumed in 
the stack suggest the possibility of paper board mills and other 
manufacturing industries which, aided by cheap fuel, can utilize 
this material. The state consumes a considerable amount of the 
products manufactured from straw, which, on account of bulk 
and weight, are not cheaply transported. Foundries and factories to 
produce the implements used in such numbers by the agricultural 
interests of the state will be practical when the population increases 
sufficiently to furnish the necessary labor conditions. 

The fact that even the smaller cities and towns of our state 
enjoy electric light and water works is due directly to the lignite. 
The benefits and luxuries of advanced civilization are extended 
very widely over the state by the abundance of cheap fuel. 

Association of Lignite With Valuable Clays.—One of the greatest 
natural endowments of the state is the great deposits of 
valuable clays which are associated directly with lignite. At a 
number of points the clays which are stripped from the lignite or 
taken out incidentally in mining are made into high grade brick, 
the lignite furnishing the fuel used for all the manufacturing 
processes. Fire clays which stand the highest tests in ovens and 
smelters are made into brick which are shipped to St. Paul and 
Milwaukee on the east, and to Butte, Montana, on the west. This 
industry is as yet in its infancy, but it promises to expand rapidly. 

The desirability of cheap and permanent building material 
and its importance in the development of the state is not to be 
over estimated. Nearly all the brick used in the state are now 
made within its borders and the time will certainly come when 
North Dakota will become an exporter of high grade facing and 
fire brick. 

Pottery clays are also present in great abundance, but as yet 
are undeveloped. They deserve the careful consideration of capitalists. 

Sandstones which justify extensive development occur in 
buttes which contain great deposits of lignite, and their avail-



ability has been pointed out in the chapter on mineral statistics. 
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IRRIGATION 
There is a widespread interest throughout the 

country in plans for bringing to its full measure of 
productiveness the semiarid tract which extends north and 
south half way across the continent, east of the Rocky 
mountains, and of which North Dakota possesses a 
portion. The average rainfall of the western portion of the 
state is about eighteen inches, and very often it is distributed 
during the growing months so as to yield, in connection 
with the naturally fertile soil, magnificent harvests. Farming 
conditions, however, are rendered, uncertain by a fluctuation 
in rainfall, and in order to insure crops annually irrigation 
should be fostered wherever it is practical. President 
Roosevelt, in his message of December 5, 1901, concisely stated 
the attitude of the general government toward this question : 

"The pioneer settlers on the arid public domain chose their 
homes along streams from which they could divert the water to 
reclaim their holdings. Such opportunities are practically gone. 
There remain, however, vast areas of public land which can be made 
available for homestead settlement, but only by reservoirs and main-
line canals impracticable for private enterprise. These irrigation 
works should be built up by the national government. The lands 
reclaimed by them should be reserved by the government for actual 
settlers, and the cost of construction should, so far as possible, be 
repaid by the land reclaimed. The distribution of the water, the 
division of the streams among irrigators, should be left to the settlers 
themselves, in conformity with the state laws and without interfer-
ence with those laws or with vested rights. The policy of the 
national government should be to aid irrigation in the several -states 
and territories in such manner as will enable the people in the 
local communities to help themselves, as will stimulate needed 
reforms in the state laws and regulations governing irrigation. 

"The necessary foundation has already been laid for the 
inauguration of the policy just described. It would be unwise to 
begin by doing too much, for a great deal will doubtless be learned, 
both as to what can and what cannot be safely attempted, by the 
early efforts, which must of necessity be partly experimental in 
character. At the very beginning the government should make clear, 
beyond shadow of doubt, its intention to pursue this policy on lines 
of the broade.st public interest ; but only in accordance with the 
advice of trained experts, after long investigation has shown the 



locality where all the conditions combine to make the work most 
needed and fraught with the greatest usefulness to the community 
as a 
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whole. There should be no extravagance, and the believers in the 
need of irrigation will most benefit their cause by seeing to it that 
it is free from the least taint of excessive or reckless expenditure of 
the public moneys." 

The sentiment voiced by the president found expression in 
congress in the passage of the "Act for the Reclamation of Arid 
Lands," one of the most valuable of legislative acts, which was 
brought to a successful issue in a large measure through the energy 
of the North Dakota members of congress. The interest of the 
public in this measure is so general that it is given below in full. 

While little of the land of North Dakota is to be classed as 
arid, portions of the state need art artificial water supply in addition 

to the rainfall during certain years. 
An Act appropriating the receipts from the sale and 

disposal of public lands in certain states and territories to 
the construction of irrigation works for the reclamation of 
arid lands. 
Be it enacted by the Senate and House of Representatives of the 

United States of America in Congress assembled: 
SECTION 1. That all moneys received from the sale and 

disposal of public lands in Arizona, California, Colorado, Idaho, 
Kansas, Montana, Nebraska, Nevada, New Mexico, North Dakota, 
Oklahoma, Oregon, South Dakota, Utah, Washington and Wyoming, 
beginning with the fiscal year ending June thirtieth, nineteen 
hundred and one, including the surplus of fees and commissions in 
excess of allowances to registers and receivers and excepting the 
five per centum of the proceeds of the sales of the public lands in the 
above states set aside by law for educational and other purposes, 
shallbe, and the same are hereby, reserved, set aside and appropriated 
as a specjal fund in the treasury to be known as the "reclamation 
fund," to be used in the examination and survey for the construction 
and maintenance of irrigation works for the storage, diversion and 
development of waters for the reclamation of arid and semiarid 
lands in the said states and territories, and for the payment of all 
other expenditures provided for in this act ; Provided, That in case 
the receipts from the sale and disposal of lands referred to in this 
section are insufficient to meet the requirements for the support of 
the agricultural colleges in the several states and territories, under 
the act of August thirtieth, eighteen hundred and ninety, entitled, 
"An act to apply a portion of the proceeds of the public lands to the 
more complete endowment and support of the colleges for the 
benefit of agriculture and mechanic arts, established under the 
provision of an act of congress approved July second, eighteen 
hundred and sixty-two," the deficiency, if any, in the sum necessary 



for the support of the said colleges shall be provided for from any 
money in the treasury not otherwise appropriated. 

SEC. 2. That the Secretary of the Interior is hereby authorized 
and directed to make examinations and surveys for, and to locate and 
construct, 
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as herein provided, irrigation works for storage, diversion and development 
of waters, including artesian wells, and to report to congress at the beginning 
of each regular session as to the results of such examinations and surveys, 
giving estimates of cost of all contemplated works, the quantity and location 
of the lands which can be irrigated therefrom, and all facts relative to the 
practicability of each irrigation project; also the cost of works in process of 
construction as well as those which have been completed. 

SEC. 3. That the Secretary of the Interior shall before giving the 
public notice provided for in section 4 of this act withdraw from public 
entry the lands required for any irrigation works contemplated under the 
provisions of this act, and shall restore to the public entry any of the 
lands so withdrawn when, in his judgment, such lands are not required 
for the purposes of this act; and the secretary of the interior is hereby 
authorized, at or immediately prior to the time of beginning the surveys 
for any contemplated irrigation works, to withdraw from the entry, except 
under homestead laws, any public lands believed to be susceptible of irri-
gation from said works ; Provided, That all lands entered and entries made 
under the homestead laws within areas so withdrawn during such with-
drawal shall be subject to all the provisions, limitations, charges, terms 
and conditions of this act; that said survey shall be prosecuted diligently to 
completion, and upon the completion thereof, and of the necessary maps, plans 
and estimates of cost, the Secretary of the Interior shall determine whether 
or not said project is practicable and advisable, and if determined to be 
impracticable or unadvisable, he shall thereupon restore said lands to entry; 
that public lands which it is proposed to irrigate by means of any 
contemplated works shall be subject to entry only under the provisions of 
the homestead laws, in tracts of not less than forty nor more than one 
hundred and sixty acres, and shall be subject to the limitations, charges, 
terms and conditions herein provided; Provided, That the commutation pro-
visions of the homestead, laws shall not apply to entries made under this act. 

SEC. 4. That upon the determination of the Secretary of the Interior 
that any irrigation project is practicable, he may cause to be let contracts 
for the construction of the same, in such portions or sections as it may be 
practicable to construct and complete as parts of the whole project, pro 
viding the necessary funds for such portions or sections are available in 
the reclamation fund, and thereupon he shall give public notice of the lands 
irrigable under such project and limit of area per entry, which limit shall 
represent the acreage which, in the opinion of the Secretary, may be reasonably 
required for the support of a family upon the lands in question; also of the 
charges which shall be made per acre upon the said entries, and upon lands in 
private ownership which may be irrigated by the waters of the said irrigation 
project, and the number of annual installments, not exceeding ten, in which 
such charges shall be paid and the time when such payments shall commence. 
The said charges shall be determined with a view of returning to the 
reclamation fund the estimated cost of construction of the project, and 
shall be apportioned equitably; Provided, That in all construction 



North Dakota Geological Survey. 
Plate XXXIII. 
A Rotary Pump on Green River, Used in Irrigation. 
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work eight hours shall constitute a day's work, and no Mongolian labor 
shall be employed thereon. 

SEC. 5. That the entryman upon lands to be irrigated by such works 
shall in addition to compliance with homestead laws, reclaim at least one- 
half of the total irrigable area of his entry for agricultural purposes, and 
before receiving patent for the lands covered by his entry shall pay to 
the government the charges apportioned against such tract, as provided in 
section four. No right to the use of water for land in private ownership 
shall be sold for a tract exceeding one hundred and sixty acres to any one 
land owner, and no such sale shall be made to any land owner unless he 
is an actual bona fide resident of such land, or occupant thereof residing 
in the neighborhood of said land, and no such right shall permanently 
attach until all payments thereof are made. The annual installments shall 
be paid to the receiver of the local land office of the district in which the 
land is situated, and a failure to make any two payments when due shall 
Tender the entry subject to cancellation, with the forfeiture of all rights 
under this act, as well as of any moneys already paid thereon. All moneys 
received from above sources shall be paid into the reclamation fund. Reg-
isters and receivers shall be allowed the usual commissions on all moneys 
paid for ldnds entered under this act. 

SEC. 6. That the Secretary of the Interior is hereby authorized and 
directed to use the reclamation fund for the operation and maintenance of 
all reservoirs and irrigation works constructed under the provisions of 
this act ; Provided, That when the payments required by this act are made 
for the major portion of the lands irrigated from the waters of any of the 
works herein provided for, then the management and operation of such 
irrigation works shall pass to the owners of the lands irrigated thereby, 
to be maintained at their expense under such form of organization and under 
such rules and regulations as may be acceptable to the secretary of the' 
interior ; Provided, That the title and the management and operation of the 
reservoirs and the whole works necessary for their operation and protection 
shall remain in the government until otherwise provided by congress. 

SEC.  7 .  That  where  in  carry ing out  th is  act  i t  becomes necessary  
to acquire any right or property, the secretary of the interior is hereby 
authorized to acquire the same for the United States by purchase or by 
condemnation under judicial process, and to pay from the reclamation fund 
the sums which may be needed for the purpose, and it shall be the duty of 
the attorney general of the United States upon every application of the 
Secretary of the Interior, under this act, to cause proceedings to be com-
menced for condemnation with thirty days from the receipt of the appli-
cation at the department of justice. 

SEC. 8. That nothing in this act shall be construed as affecting qr 
intending to affect or in any way interfere with the laws of any state or ter-
ritory relating to the control, appropriation, use or distribution of water 
used in irrigation, or in any vested right acquired thereunder, and the Secretary 
of the Interior, in carrying out the provision of this act shall proceed in 
conformity with such laws, and nothing herein shall in any ivay affect any 
right of any state or of the federal government of any land owner, 
appropriator or user of water in, to or from any interstate stream or the 
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waters thereof ; Provided, That the right to the use of the water acquired 
under the provisions of this act shall be appurtenant to the land irrigated, and 
the beneficial use shall be the basis, the measure and the limit of the right. 

SEC. 9. That it is hereby declared to be the duty of the Secretary of the 
Interior in carrying out the provisions of this act, so far as the same may be 
practicable and subject to the existence of feasible irrigation projects, to expend 
the major portion of the funds arising from the sale of public lands within 
each state or territory hereinbefore named for the benefit of arid and semiarid 
lands within the limits of such states or territory ; Provided, "That the 
Secretary may temporarily use such portion of said funds for the benefit of 
arid or semiarid lands in any particular state or territory hereinbefore named 
as he may deem advisable, but when so used the excess shall be restored to the 
fund as soon as practicable, to the end that ultimately, and in any event, within 
each ten-year period after the passage of this act, the expenditures for the 
benefit of said states and territories. shall be equalized according to the 
proportions and subject to the conditions as to practicability anal feasibility 
aforesaid. 

SEC. 10. That the Secretary of the Interior is hereby authorized to perform 
any and all acts and to make such rules and regulations as may be necessary 
and proper for the purpose of carrying the provisions of this act into full force 
and effect. 

Approved June 17, 1902. 
By the provision of this act North Dakota is favored in a 

larger measure, perhaps, than any other state. 
A study of the possibilities that the state presents for irrigation 

has already been begun, the State Geological Survey and the Soil 
Survey of the Agricultural College co-operating with the Department 
of Hydrography of the United States Geological Survey. This study 
must be carried to completion before definite propositions for 
irrigation can be considered 'The streams are to be gauged, and 
their ability to furnish water at various points in their course 
during those months when the water is needed, or is wanted for 
storage purposes. Reservoir sites are to be determined, their cost 
estimated and the area that can be irrigated from them carefully 
computed. 

A special study in connection with irrigation rises out of the 
abundance of lignite in the semiarid region. The three points 
that must be considered in connection with irrigation are : The 
water supply ; means for securing the head necessary to distribute 
water over large tracts of land, and the surface of the land, which 
must admit of a uniform distribution of water. An abundance 
of water is always present in the Missouri river, and during the 
months when it is most needed, in the lower courses of its larger 
tributaries. In their upper courses and along the minor tributaries 
of the Missouri temporary dams which would. hold large quantities 
of water can be constructed at small expense, which will act as 



storage reservoirs, carrying into the summer the water from the 
more abundant flow earlier in the year. In these ways a supply of 
water can be secured which will be sufficient to irrigate large 
tracts of land in the western- part of the state. Large reservoir 
sites are probably practical at some points, but it is certain that 
much of the land which it is desirable to irrigate cannot be 
provided with water from a large central distributing basin, on 
account of topographic and drainage conditions. Much of the land 
that is level enough to irrigate is in the form of broad terraces, which 
border the streams. About Yule, on the Little Missouri, these terraces 
are three in number, twenty-five, 100 and 120 feet above the water. 

 
Fig. 13. Diagram illustrating terraces on the Little Missouri. 

Between Bismarck and the mouth of Apple creek there are 
two broad terraces twenty and fifty feet above the Missouri, the city 
of Bismarck standing on the eastern edge of the higher terrace. 
The meandering of the streams often cuts these terraces into 
detached fragments which occur first on one bank and then on the 
other. Often, however, 1,000 acres or more in a single terrace 
remain intact, and with a slightly sloping surface and good soil 
invite cultivation. The total acreage along the Missouri and its 
tributaries in this form is very considerable. Back of these 
terraces there are many large tracts suitable for irrigation. if water 
from the river can be elevated seventy-five or 100 feet. 



204 THE LIGNITE COAL FIELDS OF NORTH DAKOTA 

It will not be economical to construct dams that will raise the 
water sufficiently to irrigate these isolated tracts. Some of them 
can be watered from reservoirs constructed in draws which ex-
tend back from the river. Only a detailed study of topographic 
conditions will determine the extent to which irrigation by such 
reservoirs can be carried, but during the past summer a number 
'of points that will justify careful measurements were noted. 

A method which admits of a much wider application is found 
in pumping water from the stream up to the flats. Where fuel 
is cheap such a method is wholly practical. In California pumping 
for irrigation purposes is practiced to a considerable extent, -the 
fuels used being oil and wood.* 

Several extensive plants for irrigation purposes have been 
erected in the west. 

"In Arizona is a high-pressure pumping engine capable of irrigating 
100 acres per season which cost when erected $1,000, or $10 per acre irri-
gated, while the cost of running is but $5 per acre. A larger and more 
modern plant operated near Tuscon consist of two compound Smith- 

 - 

Vaile pumping engines, capable, it is claimed, of irrigating 600 acres per 
season, at a cost for operation of $3 per day, the first cost for this plant 
laid down having been $4,200, and the height of lift being seventy feet. Still 
another pumping plant, consisting of an automatic cut-off condensing engine 
with two 150-horse power boilers, has been erected on the Yuma river. The 
pumping engine has eighteen-inch stroke and forty-two-inch cylinders, and is 
of 165-horse power capacity. This is an Allis pumping engine, having a fly 
wheel weighing seven tons and making sixty-seven revolutions per 
minute, the capacity of the pump being twelve second-feet. or about twenty-
four acre-feet in a day of twenty-four hours. 

"This pump delivers water through a twenty-six-inch redwood stave 
main, elevating the water eighty feet, and this is stored in a reservoir having 
twenty-five acre-feet capacity. A year's test of this engine, according to 
the claims of the owner, shows it to be capable of discharging twelve second- 
feet at a cost of $3 per second-foot for fuel. 

"There has recently been erected at Eureka, Kansas, a pumping plant 
for the irrigation of about 3,000 acres. This consists of two horizontal 
return tubular boilers and two compound, duplex, direct-acting steam pumping 
engines of a maximum capacity of 530,000 cubic feet or about twelve acre-
feet per day of twenty-four hours, equivalent to siX second-feet, with a 
total lift of sixty-five feet. The cost of this plant, exclusive of the storage -
reservoir, was about $8,000, while the cost for operation is estimated to be 
$1.60 per acre, assuming that the full area is covered." 

CENTRIFUGAL AND ROTARY PUMPS 

"For lifting large volumes of water to moderate heights, the centrifugal 
pump is the most economical and efficient, as well as simplest in construe- 

* Twelfth Census of the United States; Agriculture, Part II, p. 831. 



North Dakota Geological Survey.

The Valley of Green River, Illustrating a Common Type of Topography in 
the Lignite Area, and a Valley 

of a Small Stream, Capable of Irrigation. 
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t ion and cheapest in first cost of plant and erection. It is not, however, 
so substantial as a direct-acting steam pumping engine and therefore is 
not so suitable for large permanent works requiring considerable lifts. 
Where circumstances are suited to its employment, it is one of the best 
pumps for irrigation. It is adapted to raising water heavily charged with 
sediment. In construction a centrifugal pump is similar to an outward- 
flow turbine driven in the reverse direction. Such a pump cannot be put 
in action until  it  is f i l led with water,  an operation which is effected 
through an opening in its outer casing when the pump is below water, or 
by means of a steam jet when the pump is above water. The efficiency of a 
centrifugal puinp diminishes - with the lift, and for lifts exceeding twenty- five 
or thirty feet a force or plunger-pump produces better results. Centrifugal 
pumps are generally driven by water, steam or gasoline motors, with which 
they are connected by belting or shaft and gearing, and they may be erected 
independently of the motors and at some distance from them. They are also 
made to gear directly on the motor shaft. 

"Many forms of centrifugal pumps are now on the market. They are 
of varying capacities, from those having two-inch discharge pipes up to 
those having twenty-four-inch discharge pipes, the largest size being 
capable of elevating as much as fifteen second-feet, or the same number 
of acre-feet in a day of twelve hours. Such pumps as these vary in cost 
according to circumstances, but the larger sizes cost for plant about $100' 
per second-foot of capacity for moderate lifts, while for fifteen second-foot 
pumps they require engines capable of developing about five horse power per 
foot of lift. 

"Among the most notable centrifugal pumping plants for irr igation 
is one for the Vermilion Canal company in Louisiana, consisting of six 
fifteen-inch pumps, which are claimed to be capable of discharging 13d 
second-feet of water against a head of twenty feet, and are operated by two 
engines; each of 250 horse power. Another centrifugal pump working on 
a farm in southern Arizona and operated by a ten-horse power engine and 
boiler, has a capacity of two-thirds of a second foot. The operation of 
this plant calls for the consumption of about one cord of wood per day 
of twenty-four hours, and is capable of irrigating about three acres per 
season. A similar pump in the same locality and operated by a gasoline 
engine of thirty-five horse power will handle about eleven one-half acre-feet in 
twenty-four hours on a consumption of about ninety-four gallons of gaso-
line, other centrifugal pumps of small capacity for watering five to ten acres 
per day and in the course of an irrigation season from fifty to 100 acres,' 
are operated by one man at a cost of about $2.50 per acre irrigated for main-
tenance and $15 per acre for cost of plant. 

"It is proposed to erect an extensive centrifugal pumping plant for 
the Summit Lake Water company in California, and the estimates of the 
engineer for a plant capable of irrigating 40,000 acres, including distributing 
canals and other items, is $81,000, the cost of the pumping plant alone being 
estimated at about 75 cents per acre, while the cost for operation of and 
interest on the pumping plant during an irrigation season is estimated 
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to be about $1 per acre, on the assumption that the depth of irrigation 
will  be one foot and the l ift twenty feet. The figures are considerably 
below those of most gravity systems."* 

An interesting description of irrigation by pumping is given 
by Chandler in his report on water storage on Cache creek, 
California.** 

Conditions here described coincide so nicely with those existing 
near the headwaters of the tributaries of the Missouri in North Dakota 
that a portion of the report is reproduced. 

"Not being able to rely upon irrigation ditches, many of the farmers 
about Woodland have resorted to pumping from Cache creek and from 
wells. Now that •their pumping plants are established, most of the operators 
find them so effective that they would hesitate to abandon them for even an 
improved system of ditches .  *  *  *  In the Woodland distr ict  there are 
not fewer than twenty places where pumps are now used. Eight of these 
depend on Cache creek for their supply. As the pumping plants are all 
below Moore's dam, the supply is generally insufficient after the middle of July. 
When visited in the latter part of July, 1900, the pumps on the creek could 
be used only half a day at a time. There was no water flowing in the creek, 
but long pools have been formed where the water, percolating through the 
gravel ,  was forced to the surface. It was from depressions in the pools 
that the pumping was done, and when the supply was exhausted the pumps 
were stopped until the pools filled again. In some places earthen dams one foot 
or two feet high were thrown across the bed to hold the water, and small 
ditches were dug between the pools above to let more w a t e r  d o w n .  *  *  *  
W i t h  t h e  e x c e p t i o n  o f  t h e  g a s o l i n e  e n g i n e  o f  Mr. S. V. Scarlet, all of 
the engines in use are steam engines. Straw, brush, wood and coal are used for 
fuel. The average price paid is 75 cents per load for straw, $4 a cord for 
wood, $8.50 a ton for coal, and 11 cents per gallon for gasoline." 

Throughout the western part of North Dakota the lignite 
furnishes a cheap and available fuel for irrigation purposes. 

The possibility of this plan has already been grasped by 
farmers at two or three points in the state. Fisher Brothers, on 
Green river, a small tributary of the Heart, seven miles north of 
Dickinson, have irrigated for two years, pumping water from the 
river. The lift is fifteen feet, and a centrifugal pump with a 
discharge pipe having an inside diameter of eight inches is used. 
A temporary dam ten inches high and thirty feet long was thrown 
across the river in 1901 and retained all  the water needed 
to irrigate forty acres. In 1902 an abundance of rain made 

* Water Supply and Irrigation Papers, No. 1, p. 48 and 50. 
** Water Supply and Irrigation Papers, No. 45, p. 23. 
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irrigation unnecessary. With this pump, which is driven by an 
ordinary farm engine, 1,500 gallons per minute are easily raised 



fifteen feet. The cost of the pump delivered was $250. Mr. Fisher 
estimates that even in a dry season he would have no difficulty in 
irrigating 200 acres with his present equipment. Two dollars' 
worth of coal was burned per day, coal costing 50 cents per ton at 
a neighboring bank. Plate XXXIII illustrates Fisher's centrifugal 
pump and the Green river from which water is taken. Plate XXXIV 
shows the Green river valley, which is a type of the valleys of small 
streams, in the lignite area that may easily be irrigated. 

Mr. A. F. Riley, on the Little Heart river, near Gladstone, 
last year irrigated twenty acres by means of a dam thrown across a 
draw. Next year he proposes to irrigate sixty acres by means of 
a centrifugal pump. Lignite occurs on his farm outcropping in a 
four-foot seam, and can be had for the mere labor of mining. 

Hundreds of localities are as favorably situated as these, and 
as the population in the western part of the state increases, irri-
gation will become common. 

During the sumMer of 1903 in co-operation with the Depart-
ment of Hydrography of the United States Geoleogical Survey, 
the State Survey proposes to put in the field two parties to follow 
all of the streams in the lignite area, determine more exactly the 
outcrops of coal, the extent of land subj ect to irrigation and the 
lift necessary to bring the water to them from the streams. When 
this work is completed an extended report will be made. 

Away from the streams wells will very often furnish water 
for irrigation on a large scale. If • a vertical shaft is sunk even 
to moderate depths coal will commonly be found, but it is attended 
by so much water that without proper pumping facilities mining is 
impossible.. With a simple surface reservoir into which to pump 
the water that accumulates in the pit, it may be possible to secure an 
abundance of water, and of coal from the same shaft. 
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W A T E R  R E S O U R S E S  O F  T H E  D E V I L S  
LAKE REGION 

E.  J .  BABCOCK 

INTRODUCTION 

The results of work embodied in this paper deal with the 
surface and shallow water supplies of that large and interesting 
portion of North Dakota known as the Devils lake drainage 
basin. While these investigations are somewhat preliminary in 
nature, it is hoped that the information given will be of direct 
economic value as well as of geologic interest. Special attention 
is given to the possible application of large quantities of water 
obtainable from the shallow well reservoirs of this region, and 
also to the improvement of the sanitary conditions of water used 
for domestic purposes. The origin, distribution and character 
of soils, and the best method of tillage, the securing and using 
of water irrigation and many other similar questions all involved 
the consideration of geological facts. All underground water sup-
plies depend largely for their sources, quality, character and 
permanency upon the surrounding topography and geological 
features. The essential conditions for a wholesome water supply 
for domestic use, upon which depends the health of the commun 
ity, are very largely determined by geological agencies and struc-
tures. To ascertain the quantity and purity of a water supply it is 
not only necessary to consider the amount of rainfall and the extent of 
the gathering area, but it is even more important to know the nature 
of the underlying rocks, for this is sure to have a great influence 
upon the yield and character of the water. Considerable space in 
this report has therefore been given to the general topographic and 
geological conditions. 

TOPOGRAPHY 

The Devils Lake Basin.—The area at present occupied by 
Devils lake and the smaller adjoining lakes comprises but a 
small fraction of what may be called the Devils lake drainage 
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basin. As shown by the map, this d is t r ic t  extends f rom the 
Turt le  mountains on the north to a series of prominent 
morainic hil ls lying be tween Dev i l s  l ake  and  S tump lake on 
Sheyenne river on the south, and  f r om  a  f e w  m i l e s  n o r t h  o f  
Stump lake on the east to a point near the western boundary of 
Pierce county. 

Looking toward the south from the he ights  of  the  Turt le  
mountains, one has spread out 400 feet or more below him a 
beautiful view of 
a  gen t l y  ro l l ing  p ra i r i e  region, t 
dotted with small farm houses surrounded occas iona l l y  by  
p lanted 
groves. This  undulat ing surface 
extends as far as the eye can reach, ^7. g r adua l l y  dec r e a s ing  i n  
e l eva t ion  as i t  approaches Devils lake.  From points  fa r the r  
eas t ,  toward  the  , y  Pembina mountains, a similar though less 
rapid descent toward the south 
is noticeable. 

About  th i r ty  mi les  wes t  of  the  
Red River of the North, near the , ;  

international boundary, is an area 
rising abruptly from the general level 
of the valley to a height from 400 
to 600 feet above the Red river. This 
elevated land stretches many miles 
northward into Canada and westward 
forms a gradually descending plain 
t o w a r d  t h e  c e n t r a l  p a r t  o f  t h e  
state. The northeastern portion of 
this tract is known as the Pembina 
mountains. Toward the west it in- 
creases slightly in elevation though 
occasionally interrupted by low lands, 
unti l  i t  practical ly unites with the 
Turtle mountain highland west of 
the Pembina mountains. Topograph- 
ical ly as wel l as geologically these 
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two elevations should be considered together. Along the northern 
part of the eastern slope of the Pembina mountains the 
tract presents the appearance of a prominent wooded bluff 
rising 250 to 350 feet above the surrounding level and extending 
in a nearly direct line toward the south. This ridge gradually 
decreases in elevation until at its southern extremity it is scarcely 
more than fifty feet above the country round, and then it is lost 
in the rolling prairie. Along the eastern edge of the escarpment 
its elevation above the sea ranges from about 1,100 feet in the 
eastern part to 1,500 or 1,600 in the northwestern. Beyond the 
ravines of the streams along the eastern edge, the crest of the 
Pembina mountains forms a treeless, rolling plateau stretching 
away toward the west. Over most of this tract between the 
Pembina and Turtle mountains, a distance of about 100 miles, 
there is very little to note, except that it is a high prairie. There 
are but few streams and lakes or other marked surface features. 
On the eastern and western extremities good crops of small grains 
are usually raised. The central portion has heretofore been 
used for grazing, but is now rapidly developing into a wheat 
growing region. This section is well supplied with a variety of 
excellent prairie grasses. Eastward this belt ascends gradually 
toward the Turtle mountains and descends slightly toward 
the south. The southern slope shows a very gentle drainage 
system, beginning near the base of the Turtle mountains, and 
becoming more prominent as it extends further into the Devils 
lake basin. In fact this basin is the natural drainage reservoir 
for the waters of a large portion of the eastern part of the 
northern high land just described. No streams worthy of mention 
rise along the western part of the district, except those like the 
Pembina river, which have their sources on the northern side of 
the Turtle mountains in Canada. The southern surface is, 
nevertheless, well drained, and without doubt much water slowly 
percolates through the drift to the underlying Cretaceous clay. 
The direction of the surface drainage is toward the basin in which 
Devils lake is situated. 

The Turtle mountains proper form a high, rolling plateau 
about forty miles long and thirty miles wide, its long axis being 
east and west. The surface rises gradually from all sides, but 
within one or two miles of the summit the slopes suddenly grow 
steeper until an elevation from 300 to 400 feet above the sur-
rounding country is attained. The sides of the hills have but 
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little timber, but among the hill tops there are many small trees. 
The Turtle mountains present a very broken outline on account 
of the large number of subordinate hills and ridges of which 
they are made up. The highest of these buttes reaches an elevation 
of about 2,500 feet above the sea, or about 600 feet above the 
surrounding country. The top of the mountains has a beautiful 
rolling surface, covered with trees and dotted with lakes and ponds. 
Many fine farms are located here. Near the central part of these 
hills is the attractive little lake Metigoshe. 

Springs and spring brooks are common along the hillsides. 
North of Dunseith and also north of Bottineau are several very 
large springs. About two miles north of Bottineau a tract of 
several acres along the hillside seems to consist of one vast spring ; 
and located as this spring is, 300 feet or mpre above the town, it 
seems wonderfully well situated to furnish a water supply for domes-
tic purposes and power. The water which oozes out of this hillside 
is rather highly charged with lime, but otherwise seems to be of 
excellent character. 

The Turtle mountains consist of a mass of Cretaceous clays 
which have escaped erosion and are covered with a thin layer of 
drift. This drift has, however, been somewhat cut out on the 
top of the plateau, and there is thus formed a great gathering 
reservoir .  No doubt a large amount of the water f lowing 
in the brooks and from the numerous springs has seeped through 
the clays and sand from this high land reservoir. 

Measurements along the Great Northern railway give the 
following elevations in passing toward the northwest : 

Feet Above 
Locality Sea Level

Grand Harbor    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,461
Churchs Ferry  ............................................................. 1,460
Cando    ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,490
Bisbee  ............................................................................................ 1,605
Perth  .............................................................................................. 1,736
Rolla  ............................................................................................... 1,823
St. John  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,950 

This high land forms an important part of the gathering 
ground for the water of the Devils lake basin, which is drained, 
however, only by very small streams, flowing for the most part 
in coulees which often become quite dry in summer. These 
coulees enter the lake from various directions, but chiefly from 
the north. They vary in size from wide depressions, only two 
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or three feet deep, to narrow channels fifty to 100 feet wide, and 



with banks twenty-five or fifty feet high. When water is not 
flowing through them, small ponds are frequently left ; and when 
entirely drained, such coulees, especially the wider, shallow ones, 
Usually make fine hay and pasture lands. At one time these 
coulees were doubtless important factors in supplying water to 
Devils lake. This is particularly true of Mauvaise coulee, which has 
its source very near the international boundary and flows through 
Lake Irvine into Devils lake. Although its shallow channcl may now 
be dry in its northern portion, it was probably the outlet for a short 
period during the melting of the ice sheet for the flooded district along 
the southeastern base of Turtle mountains, and it seems to have carried 
a large amount of water. 

One of the most noticeable features of the district is a series of 
low, rounded hills, which stretch from the northwest toward the 
southeast and give the whole surface a very undulating 
appearance. North of the lake these hi l ls ,  a l l  of which are 
probably of morainic origin, are not so wide or high as those to the 
south. Along the southeastern end of Stump lake these morainic 
swells have a thickness of from fifteen to sixty feet, as shown by 
wells which pass through the drift and enter the Cretaceous 
shales. Along the southern shore of Stump lake is a group of hills 
rising from 150 to 200 feet above the lake level, which are at least 
covered with morainic deposits. These hills descend gradually 
toward the south until they reach the Sheyenne valley, which is cut 
clown 100 feet or more below the surface. Along this whole 
distance boulders are rather thickly scattered, and sand and gravel 
ridges are not uncommon. This series of morainic ridges is well 
developed all along the tract south of Fort Totten, through the 
Indian reservation, and southwest to Minnewaukan. South of 
Minnewaukan the ridges widen out into a high, rolling country 
which extends three or four miles south of Oberon, while still 
farther to the southwest, along the Minneapolis, St. Paul & Sault 
Ste. Marie railway, they pass into the rich and gently undulating 
prairie which is drained by the upper branches of the Sheyenne and 
James rivers. 

Most of the hills along the southwestern shore of Devils lake and 
between the lake and Oberon rise from seventy to 100 feet above 
the lake level. Sully's Hill and other hills about 'Fort Totten are about 
225 to 250 feet above the lake. 

That this great morainic deposit rests immediately upon Pierre shale 
is evident from the shale exposures found in the occasional deep cuts 
and artificial 'excavations made among the hills. The whole district, 
however, is thickly covered with drift material, even the highest 
points being often covered with rock fragments from the size of gravel 



to boulders several feet in diameter. These fragments are generally 
of granite or gneiss, but are frequently mixed with a large 
proportion of light gray limestone, probably from the Silurian. 
All of this material was doubtless transported from Canada by the 
ice.  This morainic r idge passes near Minnewaukan and thence to 
the northwest, crossing the Great Northern railway near Knox and 
Pleasant lake, where it unites with another very marked morainic 
ridge, from one-half mile to two miles wide, running a few miles 
southwest of Churchs Ferry in a winding course east to Grand 
Harbor, where it bends quickly to the north around the southern end 
of Dry lake, from which point it extends for miles to the east. 

Lying between the last two series of ridges, immediately west of 
Devils lake and north of Minnewaukan and between that point and 
the Mauvaise coulee, is a low, sandy tract which stretches toward 
the northwest as far as Knox, and is drained by several shallow 
coulees. Low sand ridges are seen extending to the north. This is 
very clearly an old beach of Devils lake, and indicates that the 
water stretched out many miles beyond its present limits. 

Going west of Oberon, one passes gradually from the morainic belt 
south of Devils lake to a somewhat lower, rolling 
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prairie, known as Antelope valley, which is bordered on the 
north by morainic hills and on the south by a slight elevation 
approaching the Sheyenne river. This fertile undulating valley 
extends northwestward to the vicinity of Girard lake, to the 
border of what was probably, during a portion of the glacial 
period, a large lake extending from this point west to Minot and 
around Turtle mountains, thirty or forty miles into Canada. 
This has been called Glacial Lake Souris. 
During a part of its history this lake appears 
to have been drained by numerous outlets 
to the south, the most important of which 
developed into the Sheyenne and James 
rivers. When the waters were high, they 
probably filled the Shey -enne valley and 
eroded at successive stages the terraced 
•banks so noticeable along the upper courses 
of this stream. At the same time doubtless 
many of the coulees which pass through 
Antelope valley and into the Sheyenne river 
were formed and were then swollen streams, 
aiding in the drainage of the area bordering 
Glacial Lake Souris. At present only a few 
small lakes, like Girard and Buffalo, show 
the source of the Sheyenne and James rivers. 
7,1 The high banks, the shore marks, the high washed boulders 

and stumps of petrified trees, and the deposits, afford 
unmistakeable evidence that Girard lake was at one time a large, 
deep body of water, occupying an area several times as 
great as that which it now covers. This old lake had a very 
irregular outline, and its length was probably greatest from 
northwest to southeast. In fact, it is not impossible that it 
may 

have extended ten or twelve miles south of Rugby, or even have 
connected with Lake Souris. The lake is now about three miles 
long and from one to two miles wide. 

The central portion of the state south of Devils lake is 
drained by the Sheyenne and James rivers. The Sheyenne rises 
about thirty miles west of Devils lake, and flows in a very 
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winding channel for about ninety miles toward the east ; then it 
takes a course nearly due south for about 100 miles, until 
twenty miles on so from the southeastern limit of the state, 
it turns northeasterly into the Red river valley, and debouches 
into the Red river a short distance above Fargo. For the greater 
part of its course the stream is narrow, its channel being cut 



through yellow and blue clays. Often the banks are strewn high 
upon the sides with glacial debris. They vary greatly in height, 
from a few feet near the mouth to eighty or ninety feet near the 
upper .waters. Along parts of the river course are well marked 
terraces, which may have been formed while the stream was an 
outlet for the glacial lake region to the north. The western part 
of the country drained by the Sheyenne river is a high rolling 
prairie, often from 1,300 to 1,600 feet above the sea. The soil 
is very rich, and when there is a fair amount of rainfall produces 
an abundant crop. 

Some of the small streams which form the headwaters of the 
James river are southwest of Devils lake and within a few miles 
of the source of the Sheyenne. At this place the two rivers are 
separated by a ridge several miles wide. The country around 
the western tributaries of this river is of the same character as 
that about the Sheyenne. The James river flows for about 150 
miles in a southeasterly direction until it crosses the state line 
into South Dakota. The general character of the stream and 
the surrounding country is much the same as that of the Shey-
enne river. The surface to the south is rather more level and 
much lower in altitude. The channel is cut through clay and drift, 
but the soil and subsoil have a larger proportion of sand than is 
found farther north. 

STRATIGRAPHY 

The rather uniformly level character of the surface and the 
absence of uplifts and very deep valleys render difficult a study 
of the underlying strata throughout the state. Outcrops of the 
deeper rocks are few, and most of the available information con-
cerning not only the lower formations but also portions of the 
upper beds has been obtained from a study of deep well borings. 

The formations occurring in the state, though only the later 
ones appear on the surface, include rocks of the Archean, Cam-
brian, Silurian, Cretaceous (Dakota, Benton, Niobrara, Pierre and 
Laramie), as well as glacial drift and alluvial deposits. No effort 
has been made to differentiate the Algonkian from the Archean. 
The Cretaceous rests upon the older rocks and extends over the 
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western part of the state, its thickness ranging from a few feet to 
1,500 or more. The various beds of this age are by far the most 
characteristic and important in the state. The Laramie is found in 
the western part of the state, chiefly beyond the Missouri river, and is 
characterized by extensive beds of lignite and valuable deposits of fire 
clay and potter's clay. 

In this discussion only a brief description will be given of the 
geological formations which are of particular significance to the 
water supply in this region. The rocks of the Archean have 
been reached by a great number of deep well borings in the 
eastern portion of the state, and the Red river valley is doubtless 
underlain by an extension of the great Archean belt found in northern 
Minnesota and southern Canada. Here, as elsewhere, granite, gneiss 
and schists are the characteristic rocks. 

Archean.—Near Big Stone lake are outcrops of granite, and 
northeast of this point it has been found in wells, beneath from 
fifty to 125 feet of till. In some places, at least, magnesian 
limestone overlies the granite. A well in Moorhead reaches 
granite at a depth of about 305 feet, under a covering of sand, 
blue_ shale and glacial and alluvial debris. At Grand Forks, 
eighty miles farther north, granite or gneiss was reached at 385 
feet, being overlain by a thick layer of Silurian limestone and 
beds of gravel, sand and clay. Immediately above the granite or 
gneiss was a deposit of granitic sand and gravel. The final borings, 
which were taken some fifteen feet in the solid rock, showed a 
predominating pink feldspar and a composition characteristic of light 
gneiss or granite. 

At Grafton, about forty-five miles farther north, Archean rock 
was reached at 903 feet, and still farther north, across the boundary 
it was found near the mouth of the Red river and to the 
northwest of Lake Winnipeg. How deeply it is covered to the 
west of the Red river valley cannot be told. The old Archean 
floor, on which lie the deposits in the Red river valley westward, was 
evidently rolling and possibly eroded, as indicated by the deposition 
of the superincumbent sand and gravel found in some well borings. 
The records of the Grafton well indicate that the Archean is 
overlain by Cambrian sandstone. However, the records on which 
identification is based are somewhat doubtful. If they are correct, 
there would seem to be a very great undulation in the old 
Archean floor. Farther north in. Canada 
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the Silurian seems to rest on the Archean with no intervening 
Cambrian. This would indicate a local condition in which the 
Cambrian of the Grafton well (if it be truly Cambrian) occupied a 
depression in the Archean floor. 

Silurian.—As has already been intimated, a portion of the 
Red river valley includes a deposit of Silurian rock under the 
thick covering of gravel  and glacia l  debris .  I t  is  probably 
absent in the western portion of the valley, but it doubtless 
extends, more or less continuously, beyond the northern boundary of 
the state, for its outcrops are found about Lake Winnipeg in 
Canada. In the northern part of the state fragments of characteristic, 
fossiliferous, Lower Silurian limestone are very common in the 
drift. It is hard to give any approximate southwestern limit of 
Silurian but it may not be far from Grand Forks, for a layer of 
limestone, apparently Silurian, about one foot thick was found in a 
well about 380 feet below the surface. This deposit may indicate 
nearness to the limit of deposition in the old Silurian basin. This basin 
seems to have rapidly deepened, however, toward the north, for in the 
well at Grafton the total thickness of the Silurian is recorded as 
about 317 feet. It increases in thickness toward the north and 
probably toward the west, as at Rosenfield, in Canada, about sixty miles 
north of Grafton, the Silurian is said to have reached a thickness of 
892 feet. 

Toward the west its extent is uncertain, and where outcrops 
occur, across the boundary line, the Silurian rocks lie in nearly a 
horizontal position upon the Archean. The occurrence of outcrops of 
Silurian limestone to the north might be predicted from the large 
proportion of this material found in the gravel, sand and clay of 
the drift of the Red river valley and the gravel deposits farther 
west. Large boulders of the limestone are not common, but the 
gravel and clay in the northeastern part of the state frequently 
contain as much limestone as granite and gneiss, a fact which has 
no small effect on the fertility of the soil in this region. 

Cretaceous.—Between the Silurian and Cretaceous is an uncon-
formity and apparently a large gap in the geologic series. If 
other formations are present between the Silurian and Cretaceous 
westward, they are very deeply covered with the later deposited 
material. 
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The Cretaceous formations found so extensively in North 
Dakota are part of a great belt occupying a large part of the Great 
Plains and extending from the Gulf of Mexico northwest. 
ward toward the Arctic regions. The great extent and thickness- of 
these deposits in North Dakota, their influence upon the soil, and their 
connection with the artesian and shallow well water supply render 
them worthy of a somewhat detailed description. 

The formations of the Cretaceous which are so well represented 
in the Great Plains region have been classified as C.ollows 

I Laramie Montana 
Cretaceous ...................................................  

Colorado Dakota 
All of these subdivisions are found within the limits of North 

Dakota, though but a portion of them outcrop on the surface. .  

The Cretaceous series is probably best developed in the central 
portion of the state, from east to west. In the eastern part the 
upper group is not found, while the middle and lower groups are 
not difficult to reach in well borings. In the western and north- 
western parts of the state the upper groups commonly appear, and 

are doubtless underlain by the earlier formations. 
The Dakota.—This stage consists so largely of a sand 

deposit which has become more or less hardened that it is known as 
the Dakota sandstone, and it thus differs markedly from the 
overlying formations, which are chiefly clays. No surface 
exposures of the formation are found in North Dakota, but its 
relative position and, in a limited way, its extent have been 
observed from the boring of artesian wells in various parts of the 
state. From the records at hand it appears to underlie the, upper 
Cretaceous and drift over practically all the state, from the Red 
river valley on the east to the western limit, and from the 
Canadian line into South Dakota. Information regarding the 
thickness of the group is meagre. From well records the Dakota 
appears to be very thin in the eastern portion of the state, but it 
increases rapidly in thickness toward the central and western 
parts. It ascends gradually toward the western highlands, and in 
many places in the Black Hills of South Dakota and along the 
mountains it outcrops at the surface. These surface exposures of 
the Dakota sandstone, which along the Rocky mountains 
aggregate many thousands of miles in area, are generally con-
sidered the gathering grounds for the artesian waters of the 
Great Plains. 

Benton and Niobrara.—These formations immediately overlie 
the Dakota sandstone over a large part of that great section of the 



plains in which the latter is found. 
In North Dakota they are well developed in the central and 

northern part of the state, but seldom appear along the eastern 
border. They are readily distinguished from the Dakota, as they are 
composed principally of blue clays and shales, and are generally of 
very fine material. Sand is occasionally present in these deposits, 
but not in any large amount. The clays and shales of the Niobrara 
and upper portion of the Benton are often rather strongly 
impregnated with carbonate of lime, and in a few places in South 
Dakota they become quite pure chalk. 

In the central portion of the state the total thickness of the 
Benton and Niobrara reaches probably from 500 to 800 feet, and the 
variation in thickness, within considerable areas, seems not to be 
very great. Over most of the state the Benton is covered with 
Pierre and with drift, although in a few localities outcrops 

of the Pierre are found. In the northern part of the state, .  

in deep cuts along the Pembina river, the top of the Niobrara is 
occasionally seen beneath the banks of Pierre shales, 350 feet or 
more below the general level of the surface. Along the eastern 
borders of the Dakota sandstone the Benton and Niobrara do not 
appear, the Pierre seeming to overlap and r8t directly upon the 
Dakota. In South Dakota and Nebraska are many exposures of 
both Benton and Niobrara, the Pierre being relatively thinner and 
less uniform in its extent in those states than in many places in 
North Dakota. As nearly all our information regarding the group 
in this state has been derived from artesian well borings. there has 
been little opportunity to study the fossil character of the deposit ; 
but, from the apparent similarity in the conditions of the deposition, 
it is safely assumed that the fossils do not vary greatly from those 
found in South Dakota exposures. 

In this state both the Benton and the Niobrara are characterized 
by dark blue and black shales, frequently charged with lime and 
often carrying iron pyrites, fragments of coal, alum and crystal 
gypsum, all in very small quantities. 

Pierre.—This division comprises a great deposit of clays 
and argillaceous shales, bluish-gray in color, very fine and uni- 

Fox Hills ) Pierre 
Niobrara ) Benton 
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form in texture and almost free from sand, lying immediately 
above the Niobrara and usually in perfect conformity Its lower 
portion is somewhat darkened by the presence of carbonaceous 
matter. These shales do not carry much carbonate of lime, in 
which they differ markedly from the Niobrara, but they do often 
contain thin seams of sulphate of lime, nodules of iron pyrites 
and alum. Probably in no part of the state has the greatest 
thickness of the Pierre been penetrated. Along the deepest cuts 
formed by the Big Pembina river the bottom of the Pierre is 
reached at about 350 or 400 feet below the surrounding country ; 
but the elevation of the land increases considerably to the north-
west, and in this region, as well as in others, it  may reach a 
total thickness of 600 feet or more. Toward the east, however, 
the Pierre gradually thins out, until in the Red river valley only 
its debris is found. 

At the international boundary the Pierre is seen just west 
of the Red river valley, where it forms nearly all the material of 
that conspicuous hilly escarpment known as the Pembina moun-
t a in  ( s ee  f i gure  14 ) .  These  h i l l s  fo rm a  ve ry  r emarkab l e  
series of highlands, which increase slightly in elevation toward 
the northwest and stretch away toward the south in a gradually 
descending rolling plain. The Pembina mountain, so-called, is 
really only the sharply eroded eastern edge of the Cretaceous 
formations, mostly of Pierre, which underlie the Turtle mountains 
as well as the Pembina mountains and all  the intermediate 
country. Among the hills and along the banks of spring brooks 
and lakes of the Turtle mountains the Pierre is constantly out-
cropping ; and from this northern highland southward through 
the central part of the state it is always found underlying the varying 
deposits of drift. It is obtained from the deep well borings, is 
seen along many streams, and frequently small fragments of its 
hardened, shaly, blue clay occur on the surface of the drift ridges. 
This is continually observed in the whole of the Devils lake 
basin. To the east many of the smaller streams cut into the Pierre, 
and the formation is clearly seen along the banks of the Sheyenne 
and James rivers. 

L ike the other  d iv is ions of  the Cretaceous ,  the  Pierre  
extends over a great area beyond the limits of North Dakota, 
chiefly southward in South Dakota, Nebraska, Colorado and ad-
joining states. 

The Pierre is easily recognizable by the color and texture of 
W A T E R  R E S O U R C E S  O F  T H E  D E V I L S  L A K E  R E G I O N  2 2 r  



the clays and shales, but fossils are not entirely lacking, and several 
forms are found along streams in many places in the central 
part of the state. The more common fossils, are Baculites ovatus, 
Inoceramus, Scaphites (S. nodosus Owen, S. nicolletii Morton). 
These fossils are often partly disintegrated and very commonly 
highly discolored by iron. Although many other forms may occa-
sionally be found, the Pierre in North Dakota must still be con-
sidered rather barren of fossils. 

There are no formations which play so important a part in the 
geology of North Dakota as those of the Pierre. Vast accumula-
tions of the clay and shales of this stage are found throughout a 
large area in the central part of the state, and its debris forms 
much of the soil and subsoil in the glacial deposits scattered over 
a l l  the eastern half .  I t  i s  a lso a  factor  in determining the 
underground water supply in the central part of the state. 
forms very generally the confining bed for the shallow wells in 
the eastern and central parts of the state, and water is generally 
found in the sand and shale debris deposited upon or interstratified 
with the Pierre. 

Laramie.—The Laramie extends over a large portion of the 
state west of the Missouri river. The deposits consist princi-
pally of clays, some of which are excellent as fire and white- 
ware clays. It has already been briefly reviewed in an earlier 
chapter. 

Drift.—The drift deposits in many localities of North Dakota 
form important factors, not only in the surface topography, but 
as well in the geologic and economic conditions. The water 
supplies of considerable areas are materially affected by the 
presence or absence of drift .  This is especial ly true in the 
Devils lake drainage basin, and some of the conditions, especially 
of the topography, are illustrated in the plates and maps showing 
the drainage and morainic deposits. The drift, indeed, may be 
considered as one of the most characteristic deposits within the state 
of North Dakota, particularly that portion lying east of the Missouri 
river. On account of the importance of this 'formation in the 
Devils lake basin, it will be well to consider somewhat in detail the 
conditions under which the drift was deposited and its effect upon 
the present Devils lake basin and its water supply, The drift in this 
region is made up largely of sand and clay, mingled with gravel and 
boulders, and presents a heterogeneous mass totally 
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unlike the sedimentary formations upon which it lies. Anyone 
who will thoughtfully consider the appearance of the surface of 
nearly all the eastern part of North Dakota will be impressed by 
the fact that some widely operative and powerful agency has, within 
a comparatively recent geological period, been shaping its 
features and accumulating, mingling and distributing the immense 
amount of unconsolidated material which covers to a considerable 
thickness the earlier stratified formations. 

The embedding material is usually blue and yellow clay in 
thick sheets, sometimes alternating with beds of sand and gravel, in 
both of which are scattered large blocks of various kinds of 
rocks, sometimes weighing several thousand pounds. These 
boulders are frequently smoothed and scored with fine parallel 
scratches. A knowledge of the character of these rock masses 
and a familiarity with some of the rocks outcropping farther 
north, in Canada, leads to the belief that the debris was trans-
ported from northern regions. Much of the limestone found in 
the drift in the northern part of the state was undoubtedly taken 
from the beds which outcrop about Lake Winnipeg. A study of 
well excavations and of channels of stream erosion shows that 
this drift material was spread over an old land surface. In some 
places in the Red river valley drift and alluvial deposits reach a 
depth of 300 to 350 feet. In the northern and central part of the 
state the thickness is commonly from thirty to 100 feet. 

The character of these various drift deposits indicates that 
a very large area in North Dakota was, at a late geological period, 
covered by a great, slowly moving ice sheet, similar to that 
which now covers a large part of Greenland, which stretched far 
away to the north into Canada. This vast ice sheet, which in 
its northern portion at least must have been very deep, tore away 
exposed rock ledges, and enveloped and bore along with it the 
loose material with which it came in contact. This debris was 
frozen into the ice, and under the enormous .weight above it 
became a mighty grinding power. As the ice sheet moved 
onward from the north, slowly but irresistibly, the enclosed rock 
masses were worn away to smaller fragments, pebbles, sand and 
clay, and all mixed with the sand and clay and soils of the surface 
over which the ice moved. Thus was formed, during the 
centuries of the glacial period, an enormous amount of this rock 
refuse, which, with the return of a warmer climate and the melting 
of the ice sheet, was intermingled and spread far and wide. 
This drift material, by reason of its variety of composition and 



depth of deposit, was well calculated to become the formation of 
the rich soil so characteristic of the eastern and central parts of 
North Dakota. 

With a change in climatic conditions the ice began to melt 
along its southern border, and the water formed by the melting, 
being banked on the north by the great ice barrier, gradually 
accumulated in a glacial lake along the southern boundary of 
the sheet. As the glacier continued its retreat to the north, the 
area and depth of the lake increased, and the water, spreading 
out over the Red river valley and finding no other outlet, at last 
overflowed the height of land near Lake Traverse, making its way 
through that lake and Big Stone lake into the Minnesota river 
and thence into the Mississippi river. When the ice had melted 
far enough toward the north, a natural outlet was opened through 
Lake Winnipeg and Hudson bay, and the present valley of the 
Red river was begun. The total area covered by this great lake, 
known as Lake Agassiz, has been estimated by Warren Upham* 
at 110,000 square miles, over which the water often reached a 
depth of 500 to 700 feet. At last the ice sheet had retreated so 
far that it left open the Nelson river, thus affording an • outlet 
through this river and Lake Winnipeg into Hudson bay. From 
this time Lake Agassiz was rapidly drained. In the lowland of 
the Winnipeg basin, however, a , large body of water was left, a 
portion of which forms the present Lake Winnipeg. 

This great body of water has recorded its presence in three 
way : By lacustrine sediments, by extensive alluvial and delta 
deposits, and by corresponding extensive erosion. The fine silt 
and clay which are characteristic of the Red river valley were 
deposited by the waters of Lake Agassiz and the many glacial 
rivers which brought debris into this basin from the surrounding 
higher lands. The water of the glacial Red river gradually nar-
rowed, but in the central portion of the valley, being much deeper, 
it remained a longer time, and thus gave opportunity for a thicker 
deposit of sediment than is found along the old lake margin. 
Warren Upham has traced a series of beaches marking clearly the 
extent of Lake Agassiz at its various stages. 

The streams which flow through the lacustrine sediments 
usually have narrow and shallow banks, but the valleys of those 

*The Glacial Lake Agassiz, by Warren Upham; Mon. U. S. Geol. Survey, No. 
XXV, 1895. 
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streams which flow into the basin of Lake Agassiz are commonly 
deep and wide, showing much erosion. This is particularly 
noticeable of the streams flowing from the Cretaceous highlands on 
the west, for example, Park river, Tongue river, Little Pembina 
and the Pembina rivers. Along the eastern escarpment of the 
Pembina mountains the erosive action of the old lake is clearly 
seen in the almost cliff-like ascent of the Cretaceous tableland. 

Lake Agassiz was not the only glacial lake by which the- 
surface of the level prairies of North Dakota was modified. In the 
central part of the state there were probably several lakes at 
various periods following the glacial epoch which were 
formed from the melting of arms of the ice sheet. One of the 
most important of these was glacial Lake Souris. Devils lake and 
its immediate drainage basin is doubtless a remnant of one of 
these lakes. The Sheyenne and James rivers probably were started 
and the high bluffs along the western portion of these streams 
washed out during the time when districts to the north, about Devils 
lake, and to the west, being flooded by the melting ice, were 
drained of great quantities of water by these rivers. All through 
the eastern and central portion of the state the ice sheet, the lakes 
and the river torrents formed by melting ice, exerted a powerful 
influence in giving fertility to the soil and final shape to the surface 
of our North Dakota prairies. 

DEVILS LAKE 
The most characteristic feature of the region under discussion 

is Devils lake, which occupies a basin formed largely by morainic 
ridges. As shown on the map, it lies along Ramsey and Benson 
counties, with its length extending east and west, as illustrated in 
plate XXXVIII. The length of the lake, including the arms which 
properly belong to its present stage, though some of them are nearly 
dry or separated by portions of land, is about twenty-four miles, and 
the width averages perhaps between four and seven miles. Its shore 
line is exceedingly long, owing to the numerous bays and other 
irregularities, and it is probable that it will reach several hundred 
miles. 

The southern shore of the lake, which is often very thickly 
strewn with large boulders, rises rapidly into a high rolling 
country, whose surface is broken by numerous steep knobs, 
some of them 200 to 275 feet above water level. The western 
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part of this tract is included in the Sioux Indian reservation. 
Northward the land rises in gentle swells, gradually increasing in 
elevation, until it reaches the rolling drift deposits just north of the 
city of Devils Lake and Grand Harbor. Toward the northwest is a 
similar gradual elevation of rolling prairie for nearly forty miles. 

That there was unquestionably a time in the early history of this 
lake when it was several times larger than it is at present is evident 
in several ways. At many places along the south shore there are 
found, well up on the steep hillsides which begin near the lake, 
large boulders which present a peculiar parallel arrangement, 
apparently the result of the expansive action of shore ice during the 
winters and springs. The boulders were pushed in to  the i r  
p re sen t  pos i t ions  when  the  wa te r  was  h igh ,  and this 
crowding up of large rocks continued year after year. These marks 
of the old water level are now seen twenty or thirty feet above the 
present water level. Such an elevation of the water surface would of 
course extend the lake over a much wider area to the west and north. 

This condition is also indicated by what are undoubtedly old 
shallow shore lines from six to ten miles north and west of the 
lake. In appearance some of these shores are not unlike beaches of 
old Lake Agassiz, east of Larimore. The character and ar-
rangement of the clay, sand and gravel are indicative of shallow 
water. Wells dug along these shores pass through varying thicknesses 
of such lacustrine deposits, depending on the surface elevation and 
distance from the lake. From a study of the formations 
penetrated in about forty or fifty wells in the vicinity of the lake, 
deposits apparently lacustrine are found immediately above morainic 
debris on the higher portions, or in the lower places, mixed with drift 
and fragments of Pierre shale. 

Another evidence of the former wide extent of this lake is 
afforded by the character of the water in the wells near it. 
When the lake was at its highest, its water, largely derived from 
the melting snow and ice, was fresh, it was fed by numerous 
large streams and probably for a short time had southeastern 
outlets. As the lake decreased in size, its waters became more 
strongly impregnated with salts left by the evaporation of the 
incoming surface water. The soil and clay which had been 
under shallow water for a short time stored up a small amount of 
salts, while those nearer the center of the basin and deeply 
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covered with water for a much longer time stored up conespondingly larger amounts of the salts. These salts are now 

being redissolved in the well water. A large number of samples 
of water from wells at different distances ranging from one-half 
mile to six miles from the lake, but clearly within the imme-
diate lake basin, were examined by the writer, by chemical field 
tests or by rapid laboratory determinations, with a special view 
to ascertaining the relative amounts of alkalies, chlorides and 
other salts. It was thought that such an examination, might 
not only give some hints of value in determining the best location 
for wells, but that it might throw some light on the former ex-
tent of the lake bed. These chemical tests show that in general 
the percentage of chlorides and hydrogen sulphide increases as 
the lake is approached. In nearly all cases the water which is 
strong in chlorides (mostly common salt) is obtained from wells 
located on low land or near the lake, while that containing a small 
amount of chlorides is generally from wells located on high land. 
To exhibit this fact more clearly the following table has been pre-
pared, showing the relative amounts of salt and alkalies in the 
water, together with the elevation of a number of wells about 
the lake. Corresponding numbers will be found on the map, and 
from these the wells can be readily located : 

T A B L E  S H O W I N G  R E L A T I V E  S A L I N I T Y  O F  W E L L S  N E A R  D E V I L S  L A K E  

No. 
Depth 
of Well 
Feet 

Elevation 

Relative Amount of Salts 

Chloride * Alkalies Soluble 
Sulphides} 

1 22 
High ....................  Little.  

2 119 Very high ........ Trace,

3 52 Medium.............. Strong ....... Little ............ ...........Trace
4 29 High   ............. Trace ..........  .......... Much
5 40 Low.  ................... ......... ,Much
6 40 High    . . . . . . . . . Little. .......  Trace............ ......... .Much
7 36 Low. .................... Strong     ..... Much
8 107 High .................... Little. ..........  Trace......... .......... .Little
9 33 Low ..................... Strong.........  Trace.

10 30 High. ............... Little ...........  Little .......... Mucl-
11 22 High .................... Trace ....... Trace......... .......... Much
12 72 Very high............. Trace ..........  Trace......... .......... .Tract
13 38 Medium............... Strong.........  Trace......... .......... .Tract
14 40 Low ..................... Strong.........  Trace ............ .......... .Little
15 29 Low. ............... Strong ........  Strong.
16 46 High .................... Trace ..........  Trace.
17 25 Medium ........ Strong.........  Trace............. Litth
18 38 High   .............. Trace ....... Trace ............ .......... .Tract
19' 32 Low   ............. Strong.......... Trace......... ......... Mud-
20 32 Medium .. , ..... Strong.......... Trace......... ............ Mud-
21 24 Medium    .......  Little.  .......  Little.  



*Principally common salt. Though these are not expressed in exact quantities, the 
amounts are relatively correct. 

fIncluding hydrogen sulphide. W A T E R  R E S O U R C E S  O F  T H E  D E V I L S  L A K E  
R E G I O N  2 2 7  

A careful study of the shore line and the gravel and other 
deposits about Lake Irvine and to the southeast shows very 
plainly that the small lakes north of Devils lake were also very 
much larger at some time in their history. There is little doubt 
that Lake Irvine, at no very remote period, extended from one 
mile to three miles farther east, and stretching toward the 
south, widened out irregularly three or four miles more towards 
the southeast. At this time Lac aux Morts, Twin lakes, and 
Dry lake were probably connected and formed one sheet of 
water, which may have been continuous with Cavanaugh and 
Sweetwater lakes, thus forming a large body of water which 
stretched out with irregular shore line toward the southeast, 
nearly parMlel to the present Devils lake, presenting an appear-
ance similar to the Devils lake of today. This old lake and 
Devils lake were doubtless connected by a long, narrow bay, filling 
all the low land of the coulee bed between Lake Irvine and Devils 
lake. 

It is thus evident that there has been a gradual reduction in 
the volume of water in Devils lake and surrounding lakes for a 
very long time, perhaps for an epoch following soon after the 
glacial period. From the observations and reports of those who 
lived about the lake for years, and especially from the records of 
Capt. E. E. Herman, it appears that the water has been decreasing 
in depth and area for the past ten years. Since 1883, at various 
times, according to the best estimates obtainable, the lake has 
been from four to nine feet lower than at that time. Arms of the 
lake on which steamers were accustomed to ply ten years ago have 
now become dry, or so low that boating on them is impossible. A 
few years ago steamers could run into the city of Devils Lake or 
Minnewaukan, but at present • they do not attempt to come within 
several miles of either place. 

In the fall of 1896 the surface of the water was found by 
leveling to be 39.8 feet below the top rails at a point on the 
Great Northern railway, the altitude of which is given at 1,439 
feet above the sea, which would leave the water in the lake at 
that time 1,429.2 feet above the sea. At the same time sound-
ings were taken of the central part of the main lake, and from 
nine soundings taken between the Chautauqua grounds and Fort 
Totten, at various points not within a mile or more of the shore, 
an average depth of 25.5 feet was obtained. The greatest depth 



of water found was near the center of this part of the lake, and 
amounted to 29.3 feet. 
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Considering the historic and prehistoric records of the lake, the 
question which naturally arises is, will the lake continue to decrease 
in size until, like most old glacial lakes, it becomes quite dry or 
at least until it is very much further reduced? To this, of course, 
no positive answer can be given. In order to form an intelligent 
opinion on the subject one must take into consideration the character 
of the formation of the retaining basin, the area of drainage, the 
amount of rainfall and the proportion of water which finds its 
way into the lake. There being no outlet, practically the only means 
for decrease is by evaporation, and from a study of the geologic 
conditions it is evident that there is no chance for subterranean 
drainage, to any considerable extent, other than into this basin. 
Indeed, the arrangement of the blue shale (Pierre) underlying the 
drift provides a very perfect gathering bottom for surface water, 
and the fact that over large areas this shale has but slight dip still 
further aids in retaining the percolating water. There is no doubt 
but that during the last fifteen years the breaking up of so much of 
the thick prairie sod has had a marked influence in reducing the 
volume of water flowing in Devils lake. The plowing destroys the 
natural thatch of grass which covers the porous soil and on which so 
much of the water runs. It exposes the dry soil which so readily 
imbibes a large proportion of the moisture precipitated ; and it forms by 
the roughened surface, a very great obstruction to the flowing water. 
The conditions for the last few years have all been very favorable to 
the reduction of the run-off water, and there is no reason to believe that 
the lake will be able to regain permanently any considerable portion of 
its lost area. A further reduction of its volume may even be 
expected as still more prairie land is put under cultivation, but this 
must necessarily be at a much slower rate than heretofore, and there is 
reason to believe that it will not cause the water to fall much below 
its present limits in the central, deeper portion of the lake. 
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• district have already been described, 



 but may be summarized here as fol- 
• sandstone, whose total thickness here 0 
• is the Benton, composed of dark 0 

WATER SUPPLY 

The area naturally tributary to Devils lake is probably not far from 4,000 square miles. With such a gathering surface it would seem that there should be no lack of water if but a small fraction of the annual rainfall reached the lake; but the general inclination toward the lake is so gentle that the streams flow very sluggishly, and thus there is opportunity for a very large proportion of the water of the catchment basin to evaporate or soak into the soil before it reaches the lake. 
The geological formations of the 

lows :  Start ing with the Dakota is not known, the deposit next 
above 
clays and shales ; above this is the Niobrara, usually highly 
calcareous, but represented in this locality by slightly calcareous 
layers of dark blue slate and clays ; next is the Pierre, represented by 
similar clays and shales ; and upon the Pierre the drift is spread 
for a thickness varying from twenty to fifty feet. A section from 
the artesian well in the city of Devils Lake, the elevation of which is 
from 1,460 to 1,470 feet above the sea level, gives the relative 
thickness of the different formations approximately as indicated by 
the accompanying figure. 

The underground water supply of this region is derived from two 
formations. The water from the deep 
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P E P 4 P g  
- - - - r . . . . . .  __ .  -.'-__-- ^ .-- 
per minute. The water commonly car- 71.. _-.-- —__ ___ _   
ries a small amount of fine Dakota sand ,-.-__- -=-  
and is rather strongly impregnated 

_ . . _ 
_    with salts. 

The following is an analysis =_—_____ o f  t h i s  w a t e r ,  
m a d e  b y  J a m e s  A .  i ;  .-Y =_— 
Dodge, formerly professor of chemistry 4'  ---7- -- 
at the University of Minnesota. In ad-, 1 -z---- dition to the s
reported there ,2.-,' ub,-,stances = —-— _ 

    
are found traces of borates, bromides and .4 — - — organic matter. 3
 — 

—z--_--= —  - -  . 
Sulphate of sodium .......................  94.62 cii ...._-..------=_2: 
Chloride of sodium .......................  86.46 Carbonate of sodium  .................  41.11 06 

-  - - - - -  
.  . — _  - -  

Carbonate of potassium  ..................... .  Carbonate of lithium   .................... 0 . 6 7   4 62 ? 1  —  
Carbonate of calcium  ....................  1.56 : - _ -  _  ____ _ 
Carbonate of magnesium  ..............  1.01 - - _  - -  
C a r b o n a t e  o f  i r o n      0 . 0 3  . . . . . . . . . . .  - -  
Silicia  .................................................  0.56 

artesian well comes from the Dakota sandstone ; that of the 
shallow wells is found chiefly in the till at the top of the Pierre or 
in the upper layers of the Pierre itself. A large number of artesian 
wells have been bored in the southern and eastern parts of North 
Dakota, but only an occasional well has been attempted in the 
northwestern part of the state. In the Red river valley the artesian 
wells usually give a small flow from beds lying 100 to 300 feet 
below the surface, but the water from most of these wells has little or 
no pressure. The wells of the south central part of the state, 
however, all give a large flow at from 400 to 1,200 feet, with good 
pressure at the surface. The artesian water at the town of Devils 
Lake flows with some force, furnishing about forty gallons 

ANALYSIS OF WATER FROM ARTESIAN 
WELL AT DEVILS LAKE 

Grains 
Per Gallon 

—Glacial till 
25 feet 

( Pierre Niobrara 
-( and Benton I blue shales 0,403 feet 

—Gravel, 3 feet 
—Dakota 

'4vP44. sandstone, 80 
V‘ek.o.! . feet, and ar- 

the depth of boring required to secure tesian water 
the flow of water, it has been found too expensive for individuals to 



sink artesian wells in the Devils lake region. For this and other 
reasons the discussion of artesian wells will not be taken up in this 
paper. 

Owing to the low pressure and to 
Total dissolved solids .................. 230.64 

USE OF WELL WATER IN IRRIGATION 
The water found in the till on top of the gray shale of the 

Pierre, and reached by shallow wells ranging usually from thirty 
to seventy feet in depth, is of great importance, not only on 
account of the lack of other water supplies, but because of its 
great abundance and the possibility of its use for irrigation as 
well as for household purposes. A study of the surrounding 
topographic and geologic conditions and an examination of 
about 100 wells in this district indicates that the quantity of water 
thus  s tored i s  vas t ,  and that  i t  w i l l  be  amply  suf f i c i ent  
to meet all the demands that can be made upon it until the popu-
lation has increased several fold over that of the present. The 
flow of water in these wells is very slow, because of the compact 
natiire of the strata through which the water must pass, and the 
daily. supply of the wells when pumped to their limit may seem 
small compared with the rapid flow of artesian wells and of large 
springs ; but the important point is as to the capacity of the 
underground reservoir. 

If, as has been said, the reservoir is capable of supplying a 
great amount of water, the question naturally arises as to 
whether the shallow wells of this region can be used for irriga-
tion. Those unfamiliar with the value of irrigation farming are 
sometimes inclined to regard with suspicion statements as to the 
productive possibilities of any region where irrigation is practiced 
or where it might profitably be used, but those who have had 
experience or who have made a careful study of the Subject are 
quick to recognize the advantages. 

The value of irrigation is not confined to arid or barren 
regions. Indeed, its greatest benefits can be derived only where 
the soil is naturally productive and the climate suited to the growth of 
the special crops to be cultivated. In this country and in other 
countries irrigation is frequently carried on in a small way with 
the largest profit in sections where the total rainfall is abundant, as 
by means of artificial applications the moisture can be furnished at 
times when it is most needed by the crops and to those portions 
of the land most needing it, thus advantageously supplementing 
nature's method. 



The foregoing description. of the topography of this district 
shows it to be a beautifully rolling prairie, remarkably well 
adapted to agricultural pursuits. The soil and subsoil are rich 
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and enduring. Both are derived from Cretaceous deposits mixed with 
fine rock refuse of Archean and Silurian formations, and all mingled 
with a considerable proportion of vegetable mold. The soil thus 
comprises a good body clay, with a sufficient amount of fine sandy 
material to make it I reasonably porous, and with lime and other 
ingredients to keep it "warm and sweet," while the carbonaceous 
matter renders a valuable aid in the plant food supply. The fertility 
of this soil is well proven by the enormous crops harvested in 
seasons of abundant rainfall. While in no respect an arid district, 
there is frequently a portion of the growing season during which but 
little rain falls, and then the application, once or twice, of a very 
small amount of water to the land would undoubtedly increase the 
matured crop from 20 to 50 per cent, an increase which would mean 
to the farmer the difference between a profitable season and one of 
little or no gain. It is not, therefore, with the intention of urging 
the farmer to rely upon irrigation, but that he may be led to 
supplement the rainfall at just those periods of greatest need and 
thereby save a large per cent of the natural yield, that attention is 
here called to the possible use of shallow wells. 

In considering the use of both artesian and shallow well 
water, the question is frequently raised as to the effect of the 
dissolved mineral matter upon vegetation, and reference is sometimes 
made to the vegetation occurring about alkali spots as illustrating the 
possible result of the use of such mineralized waters. The water of 
wells is never so strongly alkaline as is the water in these places, 
and the amount of such deposits as would be left by the 
occasional and reasonable use gin irrigation, even of strongly 
impregnated artesian water, could not cause an appreciable accumulation 
of alkalies in the soil. The alkali spots which are occasionally seen 
on the prairies and alkali waters are probably in a measure due to 
the same cause. For years before - the settlement of the west prairie 
fires destroyed the summer's growth of grass, leaving upon the 
surface the ash or mineral constituents of the vegetation, consisting 
largely of potassium and sodium carbonates. These compounds, being 
soluble in water, were dissolved by the rain and melting snow and 
carried to lower places. During the warm summer much of the 
water evaporated, and an accumulation of its various soluble salts, 
especially alkaline carbonates, was left. Thus in low places this alkaline 
matter has been accumulating for years, and in this condensed form 
proves injurious to the vegetation. 

The small amount' of alkalies in the well waters of these prairies 
is probably also due in a large measure to the ash of burned prairie 
grass, and represents that proportion which was carried downward 



through the soil by imbibition. Water obtained at or near the top 
of the Pierre formation is especially liable to b2 alkaline, owing 
probably to the accumulation in this compact clay formation of 
salts thus carried downward. As prairie fires cease and the present 
pernicious practice of burning straw is abandoned, the alkali spots 
and the alkali water will doubtless become improved. 

The following tables give the results of partial analyses of 
water obtained during the field work, the samples being con-
sidered as typical of the waters of the region. The first table 
shows, in grains per gallon, the chlorine estimated as equivalent to 
sodium chloride, the hardness equivalent to carbonates and 
sulphates of lime and magnesia, and the alkaline ingredients including 
some carbonates of lime and magnesia. In the second table there is 
Presented more complete data as to the location of the wells, the 
depth of strata penetrated, the quantity of water obtained, and the 
amounts of salts, alkalies and soluble sulphates, thest being given in 
relative terms, having been determined from field tests. 

From these analyses it is evident that the waters do not contain 
alkalies or mineral salts in such quantities that injury to the soil 
would be caused by their use in irrigation. 
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P A R T I A L  A N A L Y S E S  O F  W E L L  A N D  O T H E R  W A T E R  I N  T H E  D E V I L S .  

LAKE REGION 

Name and Number 
(1) 

Chloride 

Grains Per Gallon 
(2) (3) 

Hardness Alkalies
Total 
Solids 

1 Tollef Tollefson  ......... 67.07 560.00 10.60 993.20
2Devils Lake water  . . 79.60 227.50 19.08 635.90
3Sheyenne river  ... . . . . . . . 1.65 15.00 29.68 58.50
4Frank Wi l l i ams  . . . . . . 17.63 22.50 6.36 449.70
5Baker's well, (near Oberon) 23.90 130.00 10.60 466.60
6Frank Wood  . . . . . . . . . . 3.63 21.00 12.72 40.30.
7Walter Falgeson  . . . . . . 4.12 7.50 25.44 81.20
8Wilcox, north of Leeds   ..................... 0.49 18.00 4.24 
9Mauvaise coulee  .... . . . 1.81 17.50 62.30'

10Linberberg     ............. 1.32 19.00 6.36 37.90
11Andrew Grasser (over 500 ft. deep) 111.90 13.00 12.72 161:70.
12Jacobson  ... . . . . . . . . . . . . . . . . 14.67 79.00 23.32 231.00
13Phillip Cocking  .... . . . . . 0.49 17.00 8.48 87.80•
14L. A. Johnson  . . . . . . . . . 5.44 23.00 29.68 98.90
15C. E. Engre  . . . . . . . . . . . . 4.61 54.50 19.08 149.60
16,Goldberg  ................... 4.12 44.00 4.24 78.30
17Maristeau  .................... 9.39 42.00 6.36 117.00
18Wimbledon artesian*   .......................... 80.42 105.00 6.36 257.80
19Monstad  ............................ 6.10 34.30 8.48 89,40
20Conway*  . . . . . . . . . . . . . . . . . 219.18 15.00 31.80 326.90

 
(1) Estimated as equivalent to sodium chloride. 
(2) Equivalent to carbonates and sulphates of lime and magnesia. 
(3) All ingredients including some carbonates of lime and magnesia, estimated equivalent 

to carbonate of sodium. 
*Not in this region. 
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Et., c/9) E'2, :1 ..1 



solle3Illi 

. . . . . . 
 : b • k, : . a l .  a; O: 13 a.;
 -,E,i, :..)-- -- (...-- 0  .- u0ca la.,r. PP ct tt m ,... Pp cd
 (7 s......•-. -... )."' 1.-.. U * -I-J :-. I.
H ( f ) .

1  in Er.f) Hcf) cn E-1

lluS 

• • . . . . .  • • • • •
as • . . . . .  • :.) o .1.3 _a.„1 .. .4. c1.1 al ..O .1i o :.').. 1..;
 ?uP.,(c.:): -V--'2..',DTO 0 ()DUO U
= 7.. L a m .
 E'4EL1 .111(7)..1- E=1 (4/7)'E': E':

JD 1 E Ak }o Xi p we n O 

 •  

' -5. 7+: 7:: . . g . -g '743 .  v , 

'4-, .4-. •• 7+ ..' .A-. , . lt '. . -In . 4 "i . : F J.' . :I ::,' , 5 . - 17-1'

FjE E E . V V ,-.  V c, .
'a-: 4" :::1ii: ia-: :4 in-' ii" wF> ii-: 15"

. 
puEFT 

Aw-1 1° 142l1-1- u0 

.. • .. .= • . . . .
bt • .. tv - • • - 

:.E g •-' E : E E ..= o , • o o ,
fu, it'-E' 1:1 fuo -a .-.!DA IA It :.a' -E 1:71:1
•^.1,1)•-.0 -.0•-•0•^' 00Q"d •̂ .

xi 1-1-X 1-1-1 Z

pAEID 
pus  puns  }o  l a a j  

1-10"Z V • • . . . . .  • •C.0 •  • •
M • : • ' • :r • . . . . .  • • . . . . .  . : . . . .

• . . . . .  -

AulD 3nia JO 4033 

>-, - 
T.) • ;... ,ti 41'41 c9 N : a tv) CS 
,-.1 : 

ke lp mollaA 
pun nos }o  pad  

co c‘i to • co . . . . .  • • oo • • In • 
1-1 • ,-i . . . . .  • • 
. . . . . . . .  : : 

qv:1,G votoqmoocor-c11 ,R V NM O M W i n  m
cs,71,0a-1,,, ,mms,,,, N C....M -41N,FIN M

o 
1.";: 

0 
O 
.1 

32LIEU cLE, •88'8c5 •:GGG''0 t"6 " 0 5 COo' t i.a.;-e. . . a  
•

dltisu SUMO J., 

m • ,:ri ,m ,t1 ,_,....,-1 •.:14-11,3• 4 . , : l i n  • ,-11,711 ,,,-
T,1.0

i: L
- , i-,. • Li'D 1.0 LO v xi'" ,-+ LO ''' V IC 70 .. LCD.,,r4 

. ,, 
r ,LL1 L0 .i , „ 

. : '- 1-1 1-1 ,_: „, cp r1 1.)  e-I 1-.1 v-I_
' ' Z • Z ±1 ' ' ' ° 77

u°933S 
 E m r.t.F...,.(:) _ E.-,9 __,. _.

cc :̀ i-44.5-1,-W.5" :FIVI'a-. 6"."" Eg.-9 7-1=c) R

V 
P 

Z 

. . . . . . .
0 

_to .. t.., 
Z . U ., = 8 2 0 Fc', -,,,0 ... 15'o,5,,,?• ,2 • ,1

• 6
,

. V .-. (4 .7.1 
',2E .2° v /4z •-•:: o o -g z ,,, , " 't cd >, c;! '.2:" .- r-. 7  3 3. 7. 4 .!:.... y C I  3  1) . U . ...  75 

H P-, <C cn cn (..71:1:1 (.̀.1 c.'54-4 412IZ' 

-la cl uluN '-1 v m -'1.' F° L- c° c' ̀ ,P. 7-1 1,-1 F217-1"1 ;214 ̀ ,71 .2D-1 



TABLE OF FIELD DATA ON WELLS OF 
THE DEVILS LAKE BASIN—Continued  
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19 Knuteson ...........
IA mile east of      
Churchs F'ry 32 .... Largely .... L

20 Gunn  ............... 33 155 66 32 8 24 .... M
21 Brown   . . . . . . . . 3 153 67 24 20 4 M
22 Gunhus ........ 35 156 68 20 .... ..... .. .... H
23 McDonald .......... 26 155 67 24 18 3 3 L
24 Anderson ........... 1 154 67 19 12 6 1 H
25 Kildahl.............. 5 156 66 35 17 15 3 M
26 Dohaney ............ 22 H
27 Wilson   ......... 13 154 65 40 9 30 1 M
28 Mark  ................ 2 154 65 32 12 18 2 H
29 Grand Harbor ... .. .... .. 40 M
30 Grand Harbor... ... 12 24 1 L
31 Blanchfield ........ i6i 6 40   .
32 Bryn .................. 37 M
33 Hoadley ............. 52 M
34 Fitzgerald........... 36 M
35 Anderson ........... 47 L'gly ..... H
36 Richardson ........ 17 154 65 39 M
37 Enger................. 25 156 66 30 16 14 .... M
38 Tollefson ........ 4 154 66 25 H
39 Barrett............... 2 155 66 36 20 12 4 M
40 Mitchell ...........  16 155 66 28 9 19 1 M 



 

41 
42 
43 
44 
45 

Goldberg..  ....  
Johnson  .............  
Maristeau ............  
Cocking ........  
Grasser (water

19 
17 
34 

156
155
155

68 
68 
68 

10 
65 
70 
63 

12 

and 
sand 

27 

Largely 

1 

High .........  
High .........  
Low. .........  

P
V
V

at 30 ft., 190 ft. 34 29 Very high V

 and 400 ft.)....  Minnewaukan 532 26 20 4 and 
shale 

to 532  ......  

La
46 R u g b y     . . . . . . . . . . . . 35 ..................
47 Williams ........... 13 151 68 20 20 Medium. P
48 Mathews ............... 34 151 67 22 22 Medium.

10 
10 6 49 

50 
Yeager ..........  
Chance ................  

11 151
151

67
68

10-15 
16 

Low..........
High .........  

P
P

20  .........  51 Duncan.................  2 151 68 20 High. .........  Li
52 Monogram ............ 26 152 68 18 18 High .......... P
53 Braithwaite..... 6 151 68 10-15 10 Low ........... Pl
54 Lestenberg-er.... 72 . . . . . .  • • • • •High .......... Li
55 
56 

Englehorn ........  
Oleson    ... . . . . .   

W.
12

of Ch. Ferry
154

67 100 
25 

8 17 1 Medium..
  ..................

P

57 Meyer    ............  1 156 72 112 21 91    V
Alternate ayers 

58 York.. .................... 40 20 20 ..................
59 Knox. .................... 59 12 45 2 ..................
60 Near Knox ...... .      35 35      .
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The luxuriant growth of vegetation of all kinds on ground 
bordering coulees, lakes and ponds, bears testimony to the benefits 
which would be derived from the artificial application of well water. 
These effects are brought out by the following statements concerning 
the vegetation of this region compiled from a report made by Prof. 
M. A. Brannon, of the department of botany in the State 
University of North Dakota, who accompanied the writer in his field 
work. 

The Devils lake basin contains the largest constant water 
supply of any corresponding area in North Dakota. This condition 
and the excellent soil of the region afford reasons for inferring that 
this portion of the state might have more timber than any other 
area of corresponding extent. Observation, however, does not 
show this to be the case for, on the contrary, the flora of this 
basin is notably lacking in woody plants. It is a treeless region, 
excepting for the narrow and incomplete timber border of Devils 
lake and Pleasant lake, isolated clumps of willows along coulee 
banks and a few timber claims. If conditions were ever otherwise 
there is no record of them. The prairie fires which swept these 
plains and swales for generations, and the small annual rainfall 
are believed to have prevented the distribution and development 
of trees. However, now that the fires are quite closely controlled, 
there is reason to expect the native groves to extend over larger 
territory and produce trees of considerable size. The timber 
claims which have been cared for bear testimony to the fact that 
trees can be grown successfully in this basin. 

The native box elder (Negundo aceroides), elm (Ulmus race-
mosa), and white ash (Fraxinus americana) all make rapid 
growth when planted on timber claims that are properly cultivated 
and supplied with water from surface wells and coulees, Several 
species of poplar and willow are well adapted to the conditions 
found in most North Dakota tree claims. The principal native trees 
about Devils lake and Pleasant lake are burr oak (Quercus 
macrocarpa), rock elm (Ulmus racemosa), white ash (Fraxinus 
americana), hackberry (Celtis occidentalis), chokeberry (Prunus 
virginiana), and wild red cherry (Prunus pennsylvanica). There are 
numerous shrubs in addition to these, but none of them afford 
fuel or shelter. The largest trees are nearly two and one-half to 
three feet in diameter and from sixty to eighty feet tall. The 
water of Devils lake is slightly saline, but the border of the 
largest growth of trees extends almost to the shore line. From this 
fact one is led to believe that the water received through the subsoil 
is not injurious to the trees. There is ample evidence that excellent 



timber can be grown in this region if proper irrigation methods 
are employed. The native hardy varieties of trees need to be 
supplied with water only for a few seas- sons ; later the young trees 
care for themselves. The hot winds which are so fatal to groves 
farther south, do not, as a rule,- affect foliage in this state. 

The presence of many valuable grasses in this basin indicates 
the adaptability of the soil for agricultural purposes. It is one of 
the best grain producing portions of the state west of the Red r iver 
val ley. Wheat is the principal grain grown, and yields from 
twelve to forty-five bushels per acre depending on the season. No 
season is too wet for most of this rolling region, but many of them 
are too dry for large crops, which doubtless could be produced 
almost every year if a feasible method of irrigation were 
adopted. So far as observation of one year's conditions enable 
one to report, the effects of surface water are altogether favorable to 
the development of *abundant straw and well filled heads. Barley, 
oats and rye are all grown in abundance. 

The effect of surface water on the grain raised in the Devils 
lake basin is such that one is led to believe that irrigation 
would well repay the expense of constructing an economical 
system. 

As elsewhere indicated, the land is admirably adapted to 
easy and effective watering by means of surface wells, coulees 
and shallow lakes. The cultivated vegetation which gave most 
ample testimony to the value of sufficient water supplies were 
vegetables and succulent garden plants, all of which are grown 
successfully in this region. In some truck patches which were 
supplied with irrigation ditches the water was obtained from 
creeks or surface wells, and in all cases the plants were growing in 
a luxuriant fashion. 

The same beneficial results from the use of surface water 
were observed in the cultivation of fruits, such as strawberries, 
blackberries, huckleberries, gooseberries, currants, plums and 
cherries, satisfactory yields being secured by artificial application 
of water during periods of drought. From the standpoint of the 
agriculturist, gardener and fruit grower, there is ample testimony 
to the fact that the water from surface wells, ponds, 
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and artificial reservoirs is beneficial to vegetation. The only problem 
is how to secure this supply in critical periods of partial drought, 
which are liable to affect this region occasionally. With an 
economical and efficient system which could use this surface supply 
in such occasionally dry seasons, there could be guaranteed a 
degree of certainty in agricultural pursuits that would lead to the 
extensive development of a region exceedingly rich in soil and 
agricultural possibilities. 

No estimate of the limit of the capacity of the surface wells in' 
this part of the state can be given, since in but a few instances 
has there been any attempt to measure the flow per day or hour. 
In some cases data obtained when wells were dug or cleaned show 
a very rapid supply, reaching in one or more instances 40,000 gallons 
in twenty-four hours ; such a supply is, however, certainly unusual. 
Ordinarily, as has already been stated, the inflow is rather slow owing 
to the compact nature of the containing material, and for this reason 
it might be necessary to tap the supply basin by several wells before a 
sufficient quantity of water could be stored to irrigate any 
considerable number of acres. On account of the short, distance 
necessary to dig for water in most cases it would not be very 
expensive to put down several wells. Generally the farmer could, 
during seasons of 'little work, dig these wells himself, and they could 
all be connected by pipes or otherwise arranged to supply a common 
reservoir. 

The water could be pumped by windmills or other convenient 
power. In North Dakota, where the days on which there is suf-
ficient breeze to run a wind wheel are so numerous, this power 
should certainly be much more generally used than it now is, for 
pumping water and for other purposes, such as grinding feed, 
sawing wood, and operating various farming mills. In localities 
where all the conditions have been thoroughly studied and careful 
use made of windmill pumps, the general opinion seems to be that 
they can be successfully employed in irrigation. This subject has 
been discussed by Mr. H. M. Wilson, in 'paper No. 1 of U. S. 
Geological Survey water supply papers. 

The prairie is gently rolling in this portion of North Dakota, and 
probably a considerable proportion of the land of the district 
described in this report could be watered at times when the rainfall 
was rather deficient at compartively small expense. For this 
purpose the high points should be selected for reservoir sites. 
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A suitable reservoir can be constructed easily by throwing up an 
earth embankment, which should be very thick and well lined with 
clay, asphaltum or cement. Each reservoir should be provided with 
one or more outlets which can be opened and cleaned readily, and 
should usually be supplied with water from several wells, the 
number depending upon the amount of water available from each 
and the acreage to be watered. 

The best method of applying the water to the land depends 
upon the character of the soil, the degree of uniformity of the surface, 
the quantity of water available and the elevation of the reservoir, and 
each farmer must learn by actul experience what method is best 
adapted to his land and just how to operate his system. It may be 
said, in view of the characteristics of the land of this region, and 
especially on account of the elevation available for the reservoirs, that 
much less water will be required and less labor and skill in its 
application than in many nearly level districts where artificial and 
other modes of irrigation are practiced. 

For much of this rolling land a method sometimes known as 
the catchwork system is probably most easily applicable. This 
consists in providing a number of distributing ditches which follow 
quite closely the contour of the ground having a very slight fall. 
These ditches are in a general way parallel to each other and at 
distances from three to four rods to ten rods or more, depending upon 
the slope of the surface. These nearly horizontal ditches are marked in 
figure 19, A B C. They are connected with other ditches 

 
Fig. 19. Figure illustrating method of applying water on irregular ground. 
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marked L, which follow down the slope at as steep a grade as can 
be maintained without washing the soil. The lower side of each of 
the ditches A B C is made so nearly level that by placing a 
temporary dam or obstruction of earth at some point, for example in 
the ditch A, the water will be forced to overflow and spread uniformly 
down the slope, being caught in turn by the next ditch, B, below. The 
flow in this lower ditch can be increased by the quantity turned 
down the side hill ditches, L, and these in turn overflowing spread 
over the slope to the next intercepting ditch, C, below. 

Where the ground is so irregular that the water will not 
spread evenly over the strip of land below the ditch A, it is often 
desirable to run shallow furrows (f) diagonally down the hill 
slope, stopping these before they reach the lower ditch, B. By making 
these at the proper grade, and by regulating the flow by means of 
small obstructions made with a shovelful of earth, it is possible to 
give the field a uniform soaking. 

Because of the remarkable fertlity of the soil of this district, and 
the fact that this well system is to be used only as a supplement for 
a short period in the year and not at all in some years, no one 
should be led to underestimate the value that would be derived 
from such a system properly managed. The fact that irrigation is 
not a necessity makes it seem to many not worth the trouble 
unless from eighty to 160 acres of land can be watered from the 
start. This idea is certainly wrong. Irrigation is in 

 
WINDMILLS AND C IRCULAR  RESERVOIR 

Fig. 20. Windmills and irrigation on the plains. 

nearly all cases a great and lasting aid only in those sections 



where work is begun on a small scale and where the most careful 
efforts for improvement are made. Those who attempt to apply 
water artificially in this section should be content to begin with from 
five to twenty acres, and not endeavor to water large tracts until 
they have carefully determined the best way to construct the plants and 
to use the water. 

SANITARY CONDITIONS OF THE WATER 

One of the most important matters for consideration in con-
nection with the water used by any community is its sanitary 
condition. 

*Comparatively few people have a proper conception of the 
means of providing a pure water supply or of the way to retain its 
purity ; nor do many thoroughly realize what great danger lies in the 
use of impure water. It is with the hope of directing attention to the 
great desirability of improvement in the sanitary conditions of 
wells used for domestic purposes that the few words following are 
added. 

In this district almost the entire supply of water for domestic use 
is derived from open wells, about three or four feet in diameter and 
usually from twenty to fifty feet deep. The water is generally 
found in a sand and gravel stratum, confined by impervious beds of clay, 
the lower of which usually forms the bed of the common subterranean 
level of the region. A water supply derived from a 'source thus 
protected by nature from surface contamination is nevertheless liable 
to become dangerous to health unless more than common care is 
exercised in the location and construction of the well. A large 
percentage of the wells visited by the writer were found to be 
improperly located. For convenience in supplying water for cattle many 
are in stables or in or near the edge of stock yards, others are on low 
ground or on some hillside where the drainage from above tends to 
soak into the well. Under such, conditions it is the greatest wonder 
that cases of fever and other diseases are not of more frequent 
occurrence. 

In the country there is no necessity for placing a well in such a 
position that there will be danger from surface contamination. There 
is an abundance of space and water is easily obtained almost anywhere. 

W. J. McGee, The Portable Waters of Eastern United States ; Fourteenth Annual 
Report. U. S. Geol. Survey, Part II. 
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Special precaution should be used to make tight the top and 
sides of the well, so that the water will filter through as great a 
thickness of material as possible before finding its way into the well. 
This condition can be secured by laying up a brick or stone wall in 
hydraulic cement from near the bottom of the well to about a foot 
above the surface. Care should be taken that any open space between 
the sides of the well and the brick wall is filled at the bottom with 
cement and sand or clay, and that it is carefully covered at the top 
with heavy boards and otherwise made tight. Apparent cleanliness and 
purity should not be assumed to guarantee absolute freedom from 
contamination. 

The location and surroundings of a well must always be looked 
after. Very frequently disease germs lurk unsuspected in what is 
seemingly to the eye the clearest and purest water. The writer regrets 
that he cannot here give a large number of analyses to show the 
organic matter in water from wells of different locations, but it was 
almost impossible, owing to the conditions under which the work was 
carried on, to make the organic determinations, even in those wells 
which were given an approximate mineral analysis, since search for 
organic matter must be made very promptly after the collection of the 
samples, which was impossible in these cases. However, the mineral 
analyses were made and careful observations were taken regarding the 
location, elevation and various surrounding conditions, and the 
effects of these conditions may be seen in a way by reference to the 
following table of analyses. An examination of these analyses and of 
the record of the field tests shows that in a very large proportion of 
cases the water obtained from wells located on low lands is poorer 
than that from those on high lands. In most cases where there had 
been sickness, caused possibly by the water, the wells used were 
situated in low places or near stables or cesspools. 
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Table showing salts and mineral matter in water of wells at 
different elevations : 

Name 
Grains Per Gallon 

Location (1) 
Chlorine

(2) 
Hardness 

(3) 
Carbonates 

Total 
Solids 

1 Wilcox......  ...  0.49 18. 4.24  .Good, high
2 Lindeberger .......  1.32 19. 6.36 37.9 Good,very high
3 Cocking ............  0.49 17. 8.48 87.8 Good,very high
4 Goldberg ...........  4.12 44. 4.24 78.3 ........High
5 Johnson .........  5.44 23. 29.68 98.9 Too near stock

yards, high
6 Wood ................  3.63 21. 12.72 40.3 ... .Medium
7 Falgeson. ...........  4.12 7.5 25.44 81.2 ..

Medium



8 Enger ...............  4.61 54.5 19.08 149.6 ...Medium
9 Maristeau ......  9.39 42. 6.36 117. ...In barn, low
10 Jacobson. ...........  14.67 79. 23.32 231. Near barn, low

(1) Estimated as equivalent to sodium chloride. 
(2) Equivalent to carbonates and sulphates of lime and magnesia. 
(3) Lime, magnesia and alkalias estimated as equivalent to sodium carbonate. With the true 

alkalias was estimated all, or a part of the carbonate of lime and magnesia. 

The number of wells located near barnyards and supplying 
water for household purposes was astonishing. Were it not for the 
remarkably healthful climate and for the out-of-door occupation and 
good resisting power of those habitually using such water there 
would be a larger amount of sickness. Water obtained from wells in 
low places and where the water rests in blue clay was nearly 
always found to be stronger in alkalies, salts and sulphuretted 
hydrogen or soluble sulphides and of inferior quality to that from 
wells located on higher sand or gravel ridges. Very few of the wells 
of this district are walled up with brick or stone. Wooden planks are 
generally used, simply to keep the well from caving in. Some wells 
are not even planked up. The top is usually very poorly covered and 
many are kept quite open. 

It must not be understood from the above statements that the 
water of this region is naturally dangerous, for this is not the case. 
There is, however, great room for improvement in sanitary con-
ditions within the control of man. The following points are sug-
gested as possible aids in bringing about an improvement in the 
quality of water used for household purposes in this region: 

Locate the well on high land, and whenever possible let it be in 
a sand ridge, or at least in a location which there is reason to believe 
is underlain with such material. This will not be very difficult to 
accomplish in the case of most of the wells in this district. 
Investigation goes to show beyond a doubt that in most cases the 
best water is obtained when the well is put through much 
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sand and gravel, at least for a portion of its depth. This fact of 
course, is generally recognized. Sand and gravel act as a filtering 
bed, and are often used for the improvement of otherwise impure 
supplies. Many cities use sand filtering beds with remarkably good 
results. In the east one of the most thoroughly tested systems of this 
kind is the comparatively simple sand bed arrangement of the city of 
Lawrence, Mass., by which the water is purified for domestic use. In 
North Dakota a similar system is used at Grand Forks with 
gratifying results. Usually the organic impurities in the water after 
filtration amount to but a small fraction of that found in the 
unfiltered water. Wherever water is found which passes through layers 
of sand and gravel, as is commonly the case in this part of the state, 
it will have been subjected to a natural filtration which, as the 
analyses given in this report show, results in a marked improvement 
in its quality. 

Wells should be located on high land to prevent contamination 
from the slow percolation of impure surface water ; wells in low 
places naturally receive the sewage and general drainage from 
the higher portions of land ; but high and rolling land favors a 
rapid run-off of surface water, and so usually prevents the intro-
duction of surface impurities. 

For obvious reasons it is imperative that wells to supply drinking 
water should not be stopped at too shallow a depth. Many wells 
may, be found which are little more than mere basins dug a few 
feet in the soil and subsoil. The water thus obtained is all from the 
immediate surface and is very liable to contamination. Wells dug 
for domestic use should be walled up with brick or stone and not 
with wood, since the latter does not keep out surface water but 
furnishes favorable conditions for the accumulation and growth of 
organic matter ; the wood soon begins to decay, thus supplying 
impurity, while the cracks and rotten places in the wood allow access 
to small animals. 

Based upon the principles mentioned, there are many ways of 
constructing wells which will furnish pure water and be entirely 
satisfactory. 

The accompanying illustration, figure 21, is given as a sug-
gestion of one safe method of construction. This will be found 
applicable in many places in this region, but will need to be modi- 
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Fig. 21. Plan for a well for domestic use. 
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fled oftentimes to meet the local conditions. This plan is intended 
only for localities where the water will rise by its own pressure at 
the lowest stages to a point above the top of the inflow pipes marked 
A, in figure 21. Wherever the water does not rise of its own 
pressure so as to overflow these inlet pipes this design for a well 
would not be available, as the pump could only lift the water out of 
the well when it rises above the intake pipe to the pump. The well 
is dug to within a few feet of the sand which contains the water 
and which is capped by compact clay or shale. Through this clay or 
shale the iron tubes, A, are driven, or, if the shale or clay is too 
hard the tubes are placed in holes drilled through. All of these 
tubes, six or eight in number, pass into the water-bearing sand, as 
seen by the central tube. Each tube is provided with an ordinary 
pointed cap for the lower end and is perforated along the sides for 
some distance. The bottom of the well is then cemented very carefully 
around the pipes, and the entire bottom, D, is covered with a thickness 
of about a foot with a fine concrete made of Portland or other good 
hydraulic cement. Upon this the brick wall is laid in hydraulic 
cement mortar to about one foot above the surface, and is provided 
with a tight fitting cover. The tube, C, is placed in the cover to 
allow a free circulation of air. It should be provided with a fine 
screen on top or a perforated cap and sides. The tube, B, ending 
in a perforated cap, is the suction tube leading to the pump. A 
well constructed in this manner is a great improvement over the 
one of common construction, since it permits no foreign matter to 
enter the well and does not require that the water shall stand in the 
blue clay or shale and thus increase the amount of alkalies as well as 
of other mineral matter. Whenever it is desired to clean the well, 
the tops of the tubes, A, can be plugged up and the water drawn 
out. When there is doubt about the water rising, at its lowest 
stage, to a sufficient height above the inflow pipes, A, to insure a 
good supply, some slight modifications may be adopted. For example, 
the bottom of the well should be tarried down very near to the 
water-bearing stratum. When it is evident that the water will rise some 
distance above the bottom one large intake pipe, A, or several 
smaller ones, may be put down well into the water-bearing stratum. 
The concrete can then be placed above these in the way illustrated or 
the pump may be connected directly by means of pipe B to the one or 
more pipes- sunken into the water-bearing stratum, and then the 
concrete can 
be placed around these pipes. In this case water will be gotten as 
long as the supply keeps up in the carrying stratum. The cylinder 



of the pump should not be located too far above the water supply. 
When it is not necessary to dig very far for water, a better 

plan still would be to extend the open well, curbed with brick laid in 
cement mortar, down to a point say from four to eight feet below the 
water line, provided the water-bearing stratum is that thick. In this way 
the bottom of the well will remain directly in the sand or gravel 
carrying water. The bottom is not cemented in such a case. The 
pipes connecting with the pump are then run directly nearly to the 
bottom of the well. It should terminate in a large screen resting 
upon a stone of good size or a little pier of brick. The stone or pier 
and the screen of the intake pipe should now be covered with gravel. 
If desired, a little coarse charcoal of the best kind may be mixed 
with the gravel. It is well then to cover the charcoal with small gravel 
and finally with coarse sand This will produce a very excellent filter 
bed. It is important to have a good screen at the bottom of the pump 
pipe. This may be made from a large core or bulb with openings on 
the sides and bottom and covered with rather fine antirust wire 
screen. It is desirable generally to use a screen which confines its 
surface to within six or eight inches of the bottom. This will permit 
the withdrawing of nearly all the water before the pump takes air. 
Such care or expense need not be taken with wells for stock or 
irrigation, but simply with those which are employed for household 
purposes. 

In wells used for domestic purposes it is highly desirable that a 
large amount of water be removed, for this is an important aid in 
keeping the supply pure and preventing the accumulation of alkalies 
or other salts. In nearly all cases in this region the greater quantity of 
water drawn the better its quality. Where windmills are used and a 
large amount of water is pumped out, the improvement is noticeable. 
The value derived from the removal of a large quantity of water is 
probably not only due to the prevention of the accumulation of alkalies 
and other salts, but also the prevention of certain chemical changes 
which soon take place in the standing water. One of the most 
noticeable of these is between the alkaline carbonates and sulphides, 
mostly of iron, which in the presence of a small amount of organic 
matter probably combine so as to form traces of carbonate of iron and 
set free a small amount of hydrogen 
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sulphide, which gives the offensive odor to many wells in which , 
water is allowed to stand, especially if it is confined in shale. When. 
large quantities of water are used, so that the supply is constantly 
being changed, there is not much opportunity for such chemical 
decomposition. 

There is little doubt that the proper construction of the wells 
and the removal of large quantities of water will greatly improve 
the quality of the supply. The containing shales and clays will 
doubtless be slowly relieved, by this process of washing, of much of 
their impurities. More care should certainly be given to the 
sanitary conditions of drinking water in this region. Few subjects 
need more attention or are more worthy of thought than this one of 
domestic water supply. Upon it to a great extent depends the health, 
comfort and prosperity of the whole community. 
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While engaged in field work during the past summer, questions 

were so often asked in regard to coal land entries that it has seemed 
wise to reproduce those portions of the United States statutes 
touching these points, which give the essential conditions under which 
such entries can be made : 

COAL LAND LAW 
SECTION 2347. Every person above the age of twenty-one years, who is a 

citizen of the United States, or who has declared his intention to become such 
or any association of persons severally qualified as above, shall, upon application 
to the register of the proper land office, have the right to enter by legal 
subdivision any quantity of vacant coal lands of the United States not 
otherwise appropriated or reserved by competent authority, not exceeding 
one hundred and sixty acres to such individual persons or three hundred and 
twenty acres to such association, upon payment to the receiver of not less 
than ten dollars per acre for such lands, where the same shall be situated 
more than fifteen miles from any complete railroad, and not less than 
twenty dollars per acre for such lands as shall be within fifteen miles of 
such road. 

SEC. 2348. Any person or association of persons severally qualified, as 
above provided, who have opened and improved, or shall hereafter open and 
improve any coal mine or mines upon public lands, and shall be in actual 
possession of the same, shall be entitled to a preference right of entry, 
under the preceding section, of the mine so opened and improved; provided, 



that when any association of not less than four persons, severally qualified as 
above provided, shall have expended not less than five thousand dollars in 
working and improving any such mine or mines, such association may enter 
not exceeding six hundred and forty acres, including such mining 
improvements. * 

SEC. 2350. The three preceding sections shall be held to authorize 
only one entry by the same person or association of persons ; and no 
association of persons any member of which shall have taken the benefit of 
such section, either as an individual or as a member of any other 
association, shall enter or hold any other lands under the provision thereof ; 
and no member of any other association which shall have taken the benefit 
of such sections shall enter or hold any other lands under their provision; 
and all persons claiming under section twenty-three hundred and forty-
eight shall be required to prove their respective rights and pay for the land 
filed upon within one year from the time prescribed for filing their respective 
claims ; and upon failure to file the proper notice, or to pay for the land 
within the required period, the same shall be subject to entry by any other 
qualified applicant 
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