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PREFACE

This report on the lignite resources of North Dakota is the
ninth of a series of State summary reports prepared by the Geolog-
ical Survey as part of its program of reappraising the coal reserves
of the United States. Studies of the coal resources of other States
are contained in the following publications of the Survey: Geology of
the Deep River coal field, Chatham, Lee, and Moore Counties, N. C.,
Preliminary Map, 1949; and in Coal resources of Montana, Circular
53, 1949; Coal resources of Michigan, Circular 77, 1950; Coal re-
sources of Wyoming, Circular 81, 1950; Coal resources of New Mexico,
Circular 89, 1950; Lignite resources of South Dakota, Circular 159,
1952; and Coal resources of Virginia, Circular 171, 1952. A report
on the coal resources of Indiana is in preparation.

W. E. Wrather,

Director
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LIGNITE RESOURCES OF NORTH DAKOTA

INTRODUCTION

This report on the lignite resources of North
Dakota has been prepared in cooperation with the
North Dakota Geological Survey and the North Dakota
Research Foundation as part of the program of the
Interior Department for the integrated development
of the Missouri River Basin. The estimates are based
on careful study of published reports of the U. .3. Geo-
logical Survey and the North Dakota Geological Survey,
supplemented by information supplied by many of the
mining companies in the State. The office study was fol-
lowed by a small amount of field work, consisting
mostly of mine examinations.

The present report summarizes all available
information on the lignite reserves of North Dakota,
and the estimates are as accurate and comprehensive
as can be made from the data currently available. As
a considerable part of the lignite-bearing area of
North Dakota has not been adequately mapped or ex-
plored, however, the estimates are subject to change
as new information becomes available. For this
reason the report may be regarded as primarily a
conservative base on which more detailed estimates
can be built as new mapping and exploration make more
data available.
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SUMMARY

The original reserves of lignite in North Dakota
(see table 1) are estimated at 350, 910 million tons.
The lignite-bearing parts of the State are west of the
100th meridian and cover an area of about 32, 000
square miles, of which approximately 28, 000 square
miles are underlain by beds of lignite more than 23 feet
thick, and 4,000 square miles by beds generally less
than 23 feet thick. The boundaries of the lignite-bear-
ing part of the State are shown in figure 1, as is the
approximate extent of the areas underlain by thick
and thin beds.

The geological formation that contains most of
the lignite in North Dakota is the Tongue River member
of the Fort Union formation of Paleocene age, although
the underlying Ludlow member of the same formation
contains smaller amounts of lignite. The Hell Creek
formation of Upper Cretaceous age, which underlies
the Fort Union, contains lignite, but the beds are
generally less than 2% feet thick and therefore are
not considered in estimating reserves.

Total production of lignite in North Dakota, from
the beginning of mining to January 1, 1951, is reported
as 70,751,824 short tons. As the chart (fig. 2) shows,
mining activity has increased at a fairly steady rate '
since operations first began; for example, production
for the years 1941-50 was 27, 082, 660 tons, or 34 per-
cent of the all-time total. (See table 2.) This increase
in production coincides substantially with a shift from
underground to'surface mining; it is characterized by
a decrease in the number of mines and a corresponding
increase in the size and efficiency of the individual
operations.

METHODS OF PREPARING
RESERVE ESTIMATES

In its program of reappraising the coal
resources of the United States, the Geological
Survey follows certain established definitions and
procedures in subdividing the total reserves into
several categories and groups. The principal
classifications are those relating to the character-
istics of the coal itself; to the abundance and
reliability of the data on which the estimates
are based; and to the dates to which the estimates
apply, that is, whether they are of original, re-
maining, or recoverable reserves. These various
classifications and the methods of making the re-
serve estimates are described in the following
paragraphs,



Table 1,.. Estimated original reserves of lignite in North Dakota

(in millions of short tons)

Measured reserves Indicated reserves Inferred reserves Total in all categories
In beds In beds In beds In beds In beds In beds In beds In beds | In beds In beds In‘beds In beds County
County asl/geatc lg oot |36 rear?| Total ?51/§°e§o 13 root |"20 reas| Totel Zsl/iee§° 13 reot |26 reor| Total 251/§ee§o 12 reot | S0 renn | POt
thick thick thiek thick thick thick thick thick thick thieck thick thick
Adams 36.40 28.56 38.20| 103,16 168.72 115.64 83.13 367.49 485,01 " 452.97 448.23] 1,386.11 690,13 597.17 569.46 1,856,76
Billings 62,63 251.54 213.45( s527.62 759.1 ) 1,066.26f 1,304.40| 3,129.80( 9,197.73| 2,441.88] 2,421.00| 14,060.61[20,016.50f 3,759.68] 3,938.85| 17,718.03
Bowman L7.34 52,94 | 166,39 266,67 310,74 472.52]  Lhk.30| 1,227.56| 1,055.93| 1,296.92| 3,173.90{ 5,526.75] 1,414.01| 1,822.38| 3,784.59 | 7,020.98
Burke 23.57 108,78 11.,05| 143.40 238,07 329.70 80.56|  648.33[ 5,513.55| 275.67 29.17| 5,818.39| 5,775.19 714,15 120,78 6,610.12
Burleigh cens 5.66 36,20 41.86 cene 89.86 76.07 165.93 Ily.35 865.97 39.24 949.56 by 35 961.49 151,51 1,157.35
Divide 21,24 63.41 53.85| 138.50 363.76  374.48]  300.08| 1,038.32| 6,899.39| 136.56 51.36| 7,087.31 7,284.39 S5 4o5.29 | 8,264.13
Dunn 772,27 303.78]  194.93]1,270.98| 3,254.43] 1,574.52] 918.96] 5,747.91| 60,000.32| 3,377.68 645.36] 6l,023.36] 64,027.02] 5,255.98| 1,759.25 | 71,042.25
Golden Valley 127.20) 205,77 27.62| 360.59| 1,507.17| 979.46 76.73| 2,563.36| L4,695.81| 690,96 8.18( 5,394.95| 6,330.18| 1,876.19| 112,53] 8,318.90
Grant 94.15 180.45 21.50| 296.10 689.4 457.43 10.59| 1,157.461 3,054.78( 149.39 eese| 3,204.17| 3,838.37 787.27 32,09 4,657.73
Hettinger 35.63 47.96 Lhg.02| 132,61 397.91 508456 241,74 1,148,21| 8,723.38 931.74] 1,716.81| 11,371.93| 9,156.92! 1,488.26( 2,007.57 | 12,652.75
McHenry 7.62 3.91 9.93 21,46 6.68 21,44 L2l 32.36 0.12 63.96 voee 6l.08| .42 89.31 14,17 117.90
McKenzie 38L4.27 761.04 25.,56|1,170.87| 2,1¢2.23] 2,116.00 308.71| 4,526.94| 23,803.51 2,665.46 1643l | 26,485.31| 26,290.01| 5,542.50 350.61 | 32,183.12
McLean 262.13 305.87 31.75] 599.75| 1,078.73| 1,206.48 379.21f 2,664.h2| 7,927.40} 4,433.35 853.49{ 13,214.2| 9,268.26| 5,945.70| 1,264.45 | 16,478.41
Mercer 248.01 425.94 649.6111,323.561 1,741.31] 2,056:17| 1,621.89| 5,419.37 13,738.60! 5,683.27| 3,747.43| 23,169.30{15,727.92| 8,165.38} 6,018,93 | 29,912.23
Mor ton 217.04 | 338.64 41.82] 597.50| 1,435.41| 1,301.75( 286.21| 3,023.37| 11,156,01) 468,35 S.54| 11,629,90(12,808,46( 2,108.74| 333.57 | 15,250.77
Mountrail 148,22 67.97 79.52( 295.61 356,03 368.05| 233,57 957.65| 13,813,88|  310.6l4 eeeo| 14,124.52)14,318,03 746,66  313.09 | 15,377.78
Oliver 139,09 206,25 52.21| 397.55| 1,347.43| 1,257.16| Lo7.32| 3,011.91| 11,857.3L4| 2,121.35| L50.65| 14,429.34}13,343.86] 3,584.76 910.18 | 17,838.80
Renville 3.76 5.29 18.57 27.62| 117,04 35.01 e 152,05 603,11 ceee ees 603.11 723.91 40.30 18.57 782,78
Sheridan cene ese PR rees e coen cees ceee 660,06 cene ceue 660,06 660,06 veee coos 660,06
Slope 72.55] 169,68 396,08f 638,31 1,176.62| 1,827.30] 2,600.45| 5,604.37( 2,228,60| 716.96]10,902.36] 13,847.92 3,477.77] 2,713.9413,898.89 | 20,090.60
Stark 104.70| 150,94 136,44 | 392.08| 1,c78.31 836.39| 1,092.72| 3,007.42]| 15,406.49| 3,076.94| 3,814.77| 22,296.20|16,589.50| L4,064.27] 5,043.93 | 25,697.70
Ward 76.54 37.43 145.55] 259.52 538,50 381,36 340.93| 1,260.79| 6,091.92| 2,305,86 367.96| 8,765.74 6,706.96| 2,724.65 85h.4l | 10,286,05
Williams 210.30f 241.91 63.87| 516,08 1,427.31| 1,251.64| 586.42| 3,265.37| 17,223,07| 4,471.82 1,458.28{ 23,153.17|18,860.68] 5,965.37| 2,108.57 | 26,934.62
State total 3,094.56 3,963.72} 2,463.1219,521.40} 20,094.98 |18,627.18{11,398,23 56,120.39 22;,180.36 136,937.70130,149.97|291,268.0312,7,369.90} 59,528.60 14l ,011.32 | 350,909,82
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Figure 1.--Map of North Dakota showing lignite-bearing areas.




Table 2.--Production of lignite in North Dakota by county from 194l through 1950, in short tons

County 1941 942 | | 1943 194k 1945 1946 1947 1948 1949 1950 Total
Adema 49.,921| 68,20 70,399] 76,309 ol.kel 53,7291 72, 258| 73,397| 66,293|  6l4,0! 685.3
B1llings 1,2l 1,28 ,& 1,115 150 100 7
Burke. 267.508| 20| TBioee| sbeias mg’$§3 ] m&'m wbhs| »52| Wihda 683'533
Burletgh Hia6T| Hoeos| | BeEs| £e2| ¥l Yém Loty P5ipet] Meanl| el
Divide 176,532] 178, 0,210) 2. 198,17 212,9261 267,922] 239,406 236 628| 265,88 2,250,379

' 7,019 6,5’7‘3 z"/;xgo s hzﬁ qb,g:z +280 5.229 ? '3 aﬁ 121 ug :3u3
Sy Vantey| IO 2 3%’2112; 1;’;3;-1;% Homg| 253%| is ol Ak 5,20
Hettinger Do | inde| 236l | @ =3 B 15.536 12’715 132 187,783
McKenzle 7,066 8,560 6 6,498 665 2,991 5,952 1395 6&.03
MeLoan 11,2 Z w7617 03.1%9& ;eizg ' “3'223 ag 278, szs.Zgé 10035
Mercer SZ 672,760 670, 574 0! 6i ,ng 9l 1, 11; 865 1,226, 7 .zsz, 5 1,192,096 ,979 123
Morton ,296 35,265 38,0071 33,433 > 31,699 31,05 31,637 5.3
Nountrail 15,892 16,47h 16,22 7,400 3,9% 5,463 .270 10,180 2,590
011 23 22,51 13,91 12,1 . 6,41 6,58 8,421 6,640 7,938 115,
Slope. 3380 ,-5195 g,gqg e 7 21 lluéz "% 'h 6‘5 '3& g.gﬁﬂ'}
Yard 113’2“L i 392 %32’3?2 633'00‘7‘ 53%' 45 52‘3’ 12 602'21?.15 2% ey ot e é.gzl.gggl
Wil1%ams ‘ wse| Wands| Seade| %31 %% 32,706 32.017| “3nider| 28.2k3| 25,195 'sldsd 32

Total 2,347,258 |2,47),006 (2,604,600 2,515,823 [2,485,469 [2,610,544 |2,817,768 [2,954, 363 12,970,295 | 3,212,534 | 27,082,660

Classification according to the
characteristics of the coal

Rank of coal. --All of the coal in North Dakota
is ranked as lignite according to the Standard Spec-
ifications of the American Society for Testing Mate-
rials (1939) which are reproduced herein as figure 3.
From this figure and from the chart (fig. 4) it will be
seen that lignite is high in moisture and low in heating
value as compared with coal of other ranks. A number
of analyses of North Dakota lignites are given in table 3.

The rank of a coal is assigned on the basis of
degree of metamorphism and is quite independent of grade.
The grade of a coal is determined on the basis of quality,
that is, in general by the ash and sulphur content.

Weight of liggite. --A number of specific gravity
determinations of lignite from various parts of North Dakota
and eastern Montana give a weight of 1, 750 tons per acre-
foot as the average for the area. This weight is used in
calculating the reserve tonnages given in the present re-

port.

Thickness of beds. --Coal reserve estimates made
by the Geological Survey are divided into three bed-

thickness ranges, designated "thin, " "intermediate, "
and "thick." In subbituminous coal and lignite, beds
23 to 5 feet thick are designated as thin, those from

5 to 10 feet thick as intermediate, and those more than
10 feet thick as thick.

Thickness of overburden. --For the purpose of
estimating reserves, coal iIs usually divided into
three groups according to the thickness of over-
burden, the depth ranges being 0-1,000 feet,
1,000-2,000 feet, and 2,000-3, 000 feet. InNorthDakota,
however, practically,all the minable lignite is
under less than 1,000 feet of cover, the exceptions
being beds under some of the buttes in the south-
western part of the State, where the maximum
cover is probably about 1,200 feet. Although
accurate subdivision of the 0-1,000-foot depth
category is not possible from available data, it
is believed that 70 percent of the minable re-
serves in North Dakota are ynder less than
500 feet of overburden, 28 percent are under
500-1,000 feet, and about 2 percent are under
1,000-1, 200 feet. More detailed information on
the overburden of some of the thicker and more
accessible beds is given in the county descriptions.

el

1950

Figure 2. --Chart showing lignite production in North Dakota, 1884-1950.
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Table 3....Analysis of North Dakote lignites (on the as-received basis)

Laboratory Proximate analysis, percent Heuting

Locatlon Mine Bed number Moisture | volatile| Fixed | ..y [suifur |value, Btu.
matter carbon

Adams County

Sec. 16, T.129N., R.94W. | Dakota Colliertes Haynes 1/877966 33. 27.6 30.0 8.5 1. 7,340
Soer 181 TiIooN. R.%. Inle Haynes I;ngga a:tg 3006 ol |k Z:no
Sec. 10, T.130N., R.98W. | Reader Scranton 10189 2. 26.1 23. ; 1.9 »233
Sec, 15, T.130N., R.98W. | Haugen Scranton 2/ 10190 39.4 27.1 9 .6 1.2 6,820
Billings County .
Soce. 5, T.136N., R.100W. | Prappter Fryburg 2/°10065 4o.3 25.2 26y | 7.6 0.5 5,975
Bowman Count:
Sec. 3, ‘!‘{130!1.. R.103W, | Durkin Prospect T-Cross 1 114850 | 43.6 g&.z 27.0 6.2 .7 2,8 0
Sec. 15, T.132N., R.102W, | Halleck Mine Harmon 5761 hﬁ.s .8 25.5 5.2 0.7 ,062
Burke Count;
~ Sec. 21, '?.166'..?3493'. Kinkaid Noonan 1/aL6066 .0 26.0 31,7 8.3 0.4 7,050
Sec., 21, T.162N., R.93W. | Bonsness Noonan 10067 36.2 26k 30.5 6.9 0.3 7,19
Burlef Count
SAc.Bh ) ;nlﬂm «» R.79W. | Burleigh Wilton(?) 1 65 1.1 25. 26.0 7.0 0.6 6,270
Sec. 8, T.142N,, R.79W, | Washburn Wilton 10253 39.0 25, 28.1 Taly 0.5 »245
Divide Count,
Sec. 11, T?16ZN., R.Q5W. | Baukol-Noonan Noonan 2/ 5174 30.8 29.5 31,5 8.2 0.5 7,380
Dunn County
See. 32, 'r.xh%:-., B.94W. | Moore Coal Co. Dunn Center{?) / 10335 37. 28.8 28.0 9.7 0.6 6,800
Sec. 22, T.145N., R.93W. | High Carbon Dunn Center 10063 37, 27.2 27.4 8.0 1.0 6,092
Golden Valley County
Sec. 2, T.lﬁqw., R.104W, | Mammoth Sentinel Butte %/ 10116 45.1 2.2 2.1 6.6 1.2 2,933
Sec. 16, T.1iN., R.105W, | Beach Open Pit (?) 1/ soses 35.7 31.9 23.5 8.9 1.5 »370
Grant Count;
Sec., g » '{-IJZN.. R.QOW, | Coffin Butte Haynes 2/ 10300 34.0 29.4 28.2 Z.‘) 1.3 6,688
sec. 34, T.134N., R.,9OW, | Davenport Haynes 6065 38 29.0 29.8 A 0.8 7,144

Hettinger County

Sec. T.132N., R.9IN. |Crary Haynes(?) 2/ 1020 30.9 30.7 25.7 |12.7 1.0 6,411

Sec. 5, T.135N., R.Q5W. |Walsh Coalbank 34 1018& 39.3 29.7 27. 5ol 0.9 6:312
McKenzie Count

Sec. 1, T.1[9N., R.100W. | Bushee (?) 2/ 10282 3943 26.7 27.7 | 6.3 0.l 6,300
McLean County

Sec. 12, T.149W., R.85W, [ Minter Minter 2/ 10247 37.0 29.2 28,6 | 5.2 0.5 6,596

+ MNercer County

Sec, 2, T.l43N., R.88W., | Thompson Beulah Zap 2/ 10127 35.0 30.1 30.1 4.6 0.4y 7,027

Sec, 23, T. .» R.B7W Thompson Beulah Zap 6073 36.L 26.9 31.5 5.2 0.7 7,010
Morton County X .

Sec. 21, T.139N., R.85W. | Deep Mine "A" Deep Vein | 2/ 10293 37.2 26.4 28.2 | 8.1 0.2 6,565

Sec. 8, T.1,0N., R.QOW. | Harnish Harnish 2/ 10113 37.9 27.1 27.9 7.1 0.6 6,490
Mountrail coungy 8 ) 6078 " 5.5 s 6,35

Sec. 19, T.152N., R.B89W, | Parshall Coal ( 07 0.9 25, 27.7 K C.7 2

Sec. 10, T,156N., R.9l¥. | Borger [E3) 5 6079 41,0 23.9 27.0 | Bl 0.9 6,182
M Sl SN 8l : (2 s 8 6 6.6 | 1 7,030

Sec. +1}1N., R.84¥W. | Meyhorf ? 2/ 1013 i1, 3. 30.0 g «0

Sec. 6, T.1y3N., R.8¥. |Vietor (?) 10137 33.1 31.6 30.6 | 501 0.4 7,019
Renville County

Ssc. %3, T.158N., R.86W. | Gaylord Mandt Burlington 2/ 10013 35.4 28.6 29.8 6.2 .1 Z'226

Sec. 29, T.158N., R.86W Jenson Bros. Burlington 10150 35.0 28.1 30.4 6.5 0.9 4957
Slope County

Sec. 1, T.133N., R.101W, | Hallenberg Hansen 2/ w218 h2.5 27.2 2.0 | 6.3 1.4 5,952
Stark County

Sec, 18, T.139N., R.G7TW. | Adamaki HE 2/ 10061 39. 27.2 23.7 9.8 0.5 z,gho

Sec. 15, T,139K., R.95W. | Pittsburg Leigh /7 1 37. 25,5 29.0 | 7.9 1.0 ,820
Ward County

Sec, 27, T.152N., R.81W . | Velva Coteau %/ 117 39.4 25.6 30,0 5.0 0,2 6,620

Sec. 2, T.155N., R.84W., | Burlington Coop. Coteau 1/8,5880 36.0 22.2 0.5 {11.3 0.2 6,380
e o ., R c (7 6 6,25

6c. +» R1OOW. | Avoce Coal Co. ? 10092 . o3 27. o7 0.3

Sec. 23, T.159N., R.99W. | Lohse (?) 114 1195% 9 ?7.7 27.l¢ &3l 83 6,149
1/ U. S. Bureau of Mines, Tecnnical Paper 700, 1948 4/ Bulletin 4, North Dgkota Geological Survey, 1925,
2/ cii‘cgtu 8, University of North Dakota Collere of Engineering, 5/ Circular 5, University of North Dakota College of Engineering,

- 1928.
¥y c“i‘:}‘é%” 2, Univeraity of North Dakota Colleze of Engineering, &/ Circular 11, University of North Dakota College of Engineering,
N 1936,



Legend; F.C. = Fixed Carbon.

V.M. = Volatile Matter.

Btu. = British thermal units.

Class

Group

Limits of Fixed Carbon or
Btu. Mineral-Matter-Free
Basis

Requisite Physical
roperties

1. Anthracitic

1. Meta-anthracite.................

2. Anthracite......................

Dry F.C.. 98 per cent or more
(Dry V.M., 2 per cent or
less)

Dry F.C., 92 per cent or more |

and less than 98 per cent
(Dry V.M., 8 per cent or less
and more than 2 per cent)

Dry F.C., 86 per cent or more
and less than 92 per cent
(Dry V.M., 14 per cent or
less and more than 8 per
cent)

Nonagglomerating®

II. Bituminous?

1. Low volatile bituminous coal....

2. Medium volatile bituminous coal.

3. High volatile 4 bituminous coal.

4. High volatile B bituminous coal.

5. High volatile C bituminous coal.

Dry F.C., 78 per cent or more
and less than 86 per cent
(Dry V.M., 22 per cent or
less and more than 14 per
cent)

Dry F.C., 69 per cent or more
and less than 78 per cent
(Dry V.M., 31 per cent or
less and more than 22 per
cent)

Dry F.C., less than 69 per cent
(Dry V.M., more than 31 per
cent); and moist® Btu.,
14,000° or more

Moist® Btu., 13,00 or more
and less than 14,000¢

Moist Btu., 11,000 or more
and less than 13,000°

Either agglomeratingor
nonweathering.

III. Subbituminous

1. Subbituminous 4 coal...........

2. Subbituminous B coal...........

3. Subbituminous C coal...........

Moist Btu., 11,000 or more
and less than 13,000°

Moist Btu., 9500 or more and
less than 11,000%

Moist Btu., 8300 or more and
less than 9500°

Both weathering and
nonagglomerating

IV. Lignitic

1. Lignite. . .......................

2. Browncoal.....................

Moist Btu., less than 8300
Moist Btu., less than 8300

Consolidated
Unconsolidated

aThis classification does not include a few coals which haveunusual physical and chemical properties and which come

within the limits of fixed carbon or Btu. of the high-volatile bituminous and subbituminous ranks.

All of these coals

either contain less than 48 per cent dry, mineral-matter-free fixed carbon or have more than 15,500 moist, mineral-matter-

free Btu.

b If agglomerating, classify in low-volatile group of the bituminous class.

¢ Moist Btu. refers to coal containing its natural bed moisture b

coal.

d Itisrecognized that there may be noncaking varieties in each group of the bituminous class.

ut not including visible water on the surface of the

e Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified according to
fixed carbon, regardless of Btu.

a/ There are three varieties of coal in the high-volatile C bituminous coal group, namely, Variety 1, agglomerating
and nonweathering; Varietv 2, agglomarating and weathering; Variety 3, nonagglomerating and nonweathering.

Figure 3. --Classification of coals by rank.
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Classification according to abundance
and reliability of data

The estimates given herein are divided into three
categories, termed "measured, " "indicated, " and
"inferred, " according to the abundance and reliability
of the data on which the estimates are based. These
terms are defined briefly in the following sections.

Measured reserves, -- Measured reserves are
those 1or which information as to the thickness and
extent of the coal beds is gained from outerop meas-
urements, mine workings, and drill-hole records.
The points of observation and measurement must be
so closely spaced that the estimated tonnage may be
considered to be within 20 percent of the true tonnage.
Although the distances will vary somewhat from place
to place and from bed to bed, in general the points of
observation should be not more than half a mile apart.
The outer limit of a block of measured lignite, there-
fore, is usually about a quarter of a mile from the
last point of observation and approximately half the
distance between points of observation. Where only
outcrop measurements are available but the outcrop
is continuous for long distances and conditions sug-
gest that the lignite is present at a considerable dis-
tance back of the outcrop, a smooth line drawn approx-
imately half a mile behind the outcrop is taken as the
limit of measured lignite.

Indicated reserves. --Indicated reserves are
computed partly irom specific measurements and
partly from the projection of visible data for consid-
erable distances on geologic evidence. Indicated lig-
nite usually lies beyond measured lignite; for example,
if drilling has proved a block of measured lignite, that
category of reserves is considered to extend for a
quarter of a mile on each side of the block actually
drilled. If indications are that the bed is reasonably
continuous, this area of measured reserves is sur-
rounded by a belt of indicated reserves that, according
to the judgment of the appraiser, may be as much as
1% miles wide. Where only outcrop measurements are
available, but where conditions are such that the lig-
nite may be expected to be present for considerable
distances back of the outcrop, the area of indicated
lignite is usually bounded by a line drawn 2 miles be-
hind the outcrop.

Inferred reserves. --Inferred reserves are those
for which estimates are based largely on broad knowl-
edge of the geologic characteristics of the bed or
region, supported by few or no measurements, In
general, inferred reserves lie outside the limits de~
fined above for indicated reserves, but only where there
is good evidence for believing that lignite, in the thick-
ness given, is actually present.

Distinction between original, remaining, and
recoverable reserves. --Reserves of lignite may
be estimated on the basis of original reserves
in the ground before mining began, of reserves
remaining as of a certain date, or of reserves
considered recoverable as of a certain date.
The terms as used in this report are defined
below.

Original reserves. --Original reserves are de-
fined as the reserves in the ground before any mining
was done. In North Dakota, as in a majority of coal-

bearing States, it was necessary to make estimates

on the basis of original reserves, because information
on mired-out areas was insufficient for placing them
on the work maps and thus eliminating them from the
areas estimated. In North Dakota, however, total
cumulative production is only a small fraction of 1 per-
cent of the coal originally in the ground, so that for
practical purposes the original reserves, for the State
as a whole, are essentially the same as the remaining
reserves. This generalization is not applicable, of
course, to certain relatively small areas in the State
where mining has been intensive.

The original reserves of lignite in North Dakota,
as estimated for this report, total 350, 909, 820, 000 tons.

Remaining reserves. --As stated in the preceding
section, it is not practicable to estimate the lignite
reserves of North Dakota as of a certain date; to ob-
tain the reserves as of January 1, 1951, therefore, it
is necessary to subtract the all-time production ofthe
State, plus estimated losses in mining, from the orig-
inal reserves. According to production records of
the North Dakota State Coal Mine Inspector (1919-50),
the total reported production of lignite in North Dakota
to January 1, 1951, is 70, 751, 824 short tons. The
amount of lignite lost in mining cannot be estimated
except in a general way, but for the purposes of this
report it is assumed that the estimate of 50 percent
mining losses given by Averitt and Berryhill (1950),
is applicable to North Dakota. On this basis, lignite
mined and lost in mining would total twice the reported
production, or 141, 503, 648 short tons; this figure,
subtracted from the estimated original reserves of
350, 909, 820, 000 tons, leaves 350, 768, 316, 000 tons”
as the reserves remaining as of January 1, 1951,

Recoverable reserves. --Recoverable reserves
may be defined as that part of remaining reserves
considered actually recoverable by mining. As re-
coverability varies greatly according to the mining
methods employed, the thickness of the lignite, the
nature of the roof and floor rocks, the skill of the
operators, and numerous other factors, it is difficult
to assign an average figure. On the assumption that
the 50 percent estimate for mining losses, quoted above
from Averitt and Berryhill (1950) applies to North
Dakota, the recoverable reserves of the State as of
January 1, 1951, are half the remaining reserves as
of that date, or 175, 384, 158, 000 tons. It should be
stated, however, that because of the predominance
of strip mining in North Dakota, coupled with the
comparative thickness of the lignite beds, recovery
may possibly be somewhat higher than the figure here
quoted.

Methods of recording data
and making calculations

The reserve estimates presented herein were
computed by individual beds of lignite, the areal unit
being the township. A map on the scale of 1 inch to
the mile was drawn for each lignite bed in the State;
the outcrop of the bed, all recorded observations of
thickness, all known drill-hole information, and all
known mining areas were plotted on these bed maps.
After this basic information was assembled, the ex~
tent of each bed was estimated, usually by assuming
that the total length of the outcrop along which the
lignite was at least 23 feet thick established the



presence of lignite of all categories in a semi-circular
area back of the outcrop, the radius of the circle being
half the length of the outcrop. As thick beds of lignite

have greater continuity than thinner beds, measurements

of lignite more than 5 feet thick along the outcrop are
assumed to establish continuity for 2 miles in each

direction along the outcrop beds;less than 5 feet thick
are considered to establish continuity for only % mile.

Where mine or drill-hole data provided proof
of the continuity and thickness of a bed beyond the
semi-circular area mentioned above, the arc was
enlarged to include such points of information if they
were not too far removed to be joined with the original
area. jAn isolated drill hole was presumed to establish
only an isolated circular area of lignite, the size of
which was determined by the thickness of the lignite,
as described above. Beds extending around a spur or
ridge were presumed to underlie the area enclosed
by the outcrop.

After the total area of lignite occurrence in each
bed had been established, it was divided on the work
maps into areas of measured, indicated, and inferred
reserves in accordance with the definitions given in
the preceding paragraphs. As nearly all the lignite
in the State is under less than 1, 000 feet of cover, it
was not necessary to subdivide the reserves into depth-
of-overburden groups. The acreage underlain by lig-
nite in each of the categories--measured, indicated,
and inferred--was then measured with a planimeter.
The weighted average thickness of lignite in each
thickness and reliability category was then determined,
omitting all partings more than 3/8 inch thick; and
reserves for each area were calculated by multiplying
the average thickness in feet by the acreage, then by
the weight factor of 1, 750 tons per acre-foot. The
estimates by township and county are shown in table 25;
those for many of the individual beds, by county, in
tables 4 to 24,

The estimates in the tables are given to the near-
est 10,000 tons, because in many parts of the State
it was necessary to estimate small areas which could
not have been included had a larger unit been used.
It should be pointed out, however, that the use of the
10, 000-ton unit was dictated by the small areas referred
to above as well as by ease in making the actual calcu-
lations, and that figures less than 1, 000, 000 tons should
not be considered as significant; in effect, those figures
to the right of the decimal point may be disregarded.

Areas excluded from the estimates. --The estimates

given in this report take Into consideration all known
occurrences of lignite in North Dakota except those in
areas where the coal is believed to be generally less

than 23 feet thick. Such areas include about 4, 000 square

miles in the eastern and southern margins of the lig-
nite-bearing part of North Dakota. Although most of

the lignite in these marginal areas is less than 23 feet
thick, it is known that in certain small areas it is some-
what thicker than that figure and may be suitable for
local use.

Several small lignite-bearing areas, which are
shown by a distinctive pattern on the map (fig. 1) are
also omitted from the estimate because no data are
available. These areas cover about 500 square miles,
or about 1.7 percent of the total 28, 000 square mile
area that isconsideredtobe underlainbylignite more
than 2.5 feet thick,

Limitations of the estimate. --As this estimate
is based almost entirely on outcrop data, the assumed
area of occurrence of each lignite bed is restricted
as described above. Further exploration would extend
greatly the known area of occurrence of many of the
beds; many areas have not been mapped, and the infor-
mation at present available for such areas generally
relates to only the most prominent bed. In the central
part of the lignite-bearing area, also, there is a con-
siderable thickness of lignite-bearing rocks that has
not been explored, but that ultimately may be found
to contain large reserves.

The estimate presented herein is conservative
and is based only on the data currently available. It
is certain that further mapping and exploration will
make possible a larger estimate in the future.

PREVIOUS ESTIMATES

It is interesting to note that previous estimates

of the total original reserves of lignite in North Dakota,
which were based on broad, general assumptions as
te the thickness, continuity, and number of the beds,
are not conspicuously larger than the present estimate,
if statistical allowance is made for possible reserves
in unmapped and unexplored areas. Leonard (1926,
p. 23) estimated the reserves as 516 billion tons, and
the estimate of Campbell (1926, p. 3) was 600 billion
tons, as compared to the present estimate of 351 bil-
lion tons.

Leonard assumed the lignite-bearing area to be
28, 000 square miles, taking into account only lignite
in the upper 300-400 feet of the lignite-bearing part
of the Tongue River member of the Fort Union for-
mation. Campbell considered the lignite-bearing area
to cover 32, 500 square miles, taking into account all
the lignite-bearing rocks., The lignite-bearing area
covered by this report includes 28, 000 square miles,
but only mapped lignite beds for which data on the
thickness and contimity of the beds are now available
are included in the estimates. Although not strictly
comparable, the three estimates stand in proper re-
lationship.

THE NORTH DAKOTA LIGNITE FIELD -
Geography

Throughout most of the lignite-bearing parts of
North Dakota the land surface is a flat or gently rolling
plain that has been dissected somewhat by the Missouri
River and its tributaries, and by the Souris River. The
highest altitudes are in Slope and Bowman Counties in
the southwestern part of the State, where the land sur-
face is approximately 3, 000 feet above sea level.

HT Butte in Slope County rises to an altitude of

3,474 feet, the highest point in North Dakota. From this
area the surface slopes eastwardto elevations of 1,650
to 1,800 feet near Bismarck, and northward to altitudes

of about 1, 800 feet in Ward, Burke, and Divide Counties.

The northern part of the lignite field, north of
the Missouri River, is covered by glacial deposits
ranging in thickness from a few feet to several hundred
feet. These deposits conceal the lignite~bearing rocks
everywhere in this area except along the major streams,
notably the Missouri River, Little Muddy Creek in



Williams County, Shell Creek in Mountrail County,
Scoria Creek in northern Williams County, and the
Souris and Des Lacs Rivers in Burke, Renville, Ward,
and McHenry Counties. These streams have cut through
the glacial cover into the underlying lignite-bearing
forrhations.

The bedrock topography under the glacial deposits
had somewhat greater relief than the present surface,
and locally the glacial deposits fill the channels of
ancient streams. Several of these buried channels are
known in Burke and Ward Counties, and a few cut out
the lignite beds over considerable areas.

South of the Missouri River the glacial deposits
are thin or absent. In this area the relief is more
pronounced than in the glaciated region to the north,
and the Badlands, in Golden Valley, McKenzie, Dunn
Bowman, Slope, and Billings Counties, are the most
striking geographlc feature of the State

The physiography and geography of North Dakota
are discussed in detail in reports by Alden (1924) and
Simpson (1929). Areas covered by lignite reports are
shown in figure 5.

Water supply. --The Missouri River is the only
reliable source of surface water in large quantity in
the lignite field. At Williston, North Dakota, the
average flow of the Missouri River over a 19-year
period ending in September 1947, was 18,690 second-
- feet, and the minimum flow during the period was
1, 320 second-feet. At Bismarck, North Dakota, the

average flow of the Missouri during approximately the
same period was 19, 820 second-feet, the minimum
flow 2, 800 second-feet (U. S. Geological Survey, 1950,
pp. 30, 32).

The supply of palatable subsurface water in the
lignite-bearing part of North Dakota is meager, and
most of the towns and cities are considerably handi-
capped by the shortage of good water. Even where
large amounts of water can be obtained, most of it
is highly mineralized and is unsuited for most indus-
trial and domestic - purposes. Palatable water is ob-
tained from the Fort Union formation and, in certain
areas, from glacial deposits. In many places ground
water is obtained in moderate quantities from the lig-
nite beds.

Climate. --The lignite-bearing parts of North
Dakota are in the so-called short grass prairie region,
which is characterized by an average annual rainfall
of less than 15 inches. Typical temperatures range
from 90°F in summer to -30° in winter, the extreme
recorded temperatures being 124° and -59°.

Land use. --The economy of the lignite-bearing
region 1S predominantly agricultural. Large tracts
of land are suitable for the raising of wheat and other
grains, but other areas can support only grazing.

Towns. --Minot, with a population in 1950 of
21,924, and Bismarck, with 18, 544 inhabitants, are
the largest cities in the lignite-bearing portion of
North Dakota. Only three other cities--Dickinson,
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| Marmarth region (Hares, 1928)

2 Sentinel Butte region (Leonard and

Smith, 1909)
Cannonball River region (Lloyd, 914)

4. Standing Rock and Cheyenne River
Indian Reservation (Calvert and
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6 Heart Butte (Tisdale, 1941)
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Figure 5. --Index map showing areas in North Dakota covered by lignite reports.



Williston, and Mandan--contain more than 5, 000
inhabitants. In recent years the urban population of
the region has increased slightly but the rural popu-
lation has decreased to a greater degree, resulting
in a net loss for the region as a whole. However,
commercial oil discoveries in 1951 have brought an
influx of people to the area.

Transportation facilities, --Railroad transportation
in the Tignite-bearing area is provided by four roads:
the Great Northern Railway and the Minneapolis, St.
Paul, & Sault Ste. Marie Railroad, usually known as
the "Soo Line, " which serves the area north of the
Missouri River with lines that go into every county
in that area; the Northern Pacific Railway, which
crosses the region from Bismarck west; and the
Chicago, Milwaukee, St. Paul and Pacific Railroad,
which cuts across the southwestern corner of the State.
In the area south of the Missouri River which is served
by the two last-named roads, branch lines are few and
large areas are remote from rail transportation of any
kind, North-south rail transportation, in particular,
is poor.

The principal highways are U. S. Routes 2 and
52, which serve east and west traffic north of the
Missouri River; U. S. Route 10, which parallels the
Northern Pacific Railway from Bismarck west; U. S.
12, which parallels the Chicago, Milwaukee, St. Paul
and Pacific Railroad; and U. 8. 83 and U. 8. 85, which
provide north-south transportation across the region.
All of these Federal highways are hard-surfaced at
most places, but several of them still have stretches
of gravel surface. A number of State highways help
to cover the area north of the Missouri River with a
fairly good network of roads, but such roads are fewer
south of the river. County roads are hard-surfaced
near some of the towns, but as a rule they are gravelled
or merely graded. Travel over such roads is not
difficult in dry weather but is difficult or impossible
when the ground is wet.

Most of the lignite mined in North Dakota is
shipped by rail; trucks carry only smail amounts of
the fuel, mostly for local use.

‘ Stratigraphy

The lignite field of North Dakota covers about
32,000 square miles in approximately the western
half of the State. (See fig. 1.) Of this area only
about 28, 000 square miles contain lignite in com-
mercial grades and quantity; the remaining 4, 000 square
miles, which lie on the eastern edge of the area, con-
tain beds that are generally less than 2% feet thick and
hence are not included in the area covered by the
estimate. All of the lignite-bearing portion of North
Dakota is part of the Fort Union ligrite region, which
extends northward, southward, and westward from
the State into Canada, Montana, Wyoming, and South
Dakota.

General section. --The sediments exposed in the
lignite-bearing region of North Dakota range in age
from Late Cretaceous to Oligocene.(See fig. 6.) The
oldest beds, the Pierre shale and the overlying Fox
Hills sandstone of Late Cretaceous age, are exposed
only along the western edge of Bowman County and in
the eastern part of Sioux County and adjacent parts of
Morton and Emmons Counties. Overlying the Fox
Hills is the Hell Creek formation, also of Late Cre-
taceous age, which was formerly included in the
Lance formation. The Hell Creek is exposed in a
narrow outcrop belt in western Bowman and Slope
Counties, and over a considerably larger area along
the Cannonball River, in Morton, Grant, and Sioux
Counties. (See pl. 1.)

Nearly all of the minable lignite in North Dakota
is in the Fort Union formation of Paleocene age, which
directly overlies the Hell Creek. The Fort Union
consists of three members: the Ludlow member, which
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Figure 6. --Diagrammatic section through the Fort Union region.

Stippled parts indicate dark zones of strata of

all kinds; unstippled parts are light-colored zones (after Brown, 1948, p. 1266).
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merges laterally eastward into the Cannonball forma-
tion; the Tongue River member, and the Sentinel Butte
shale member. The Fort Union is overlain, in the
buttes and mesas in the central part of the region, by
the Golden Valley formation of Eocene age and the
White River formation of Oligocene age. Pleistocene
deposits cover most of the area north of the Missouri
River,

All the rock units which crop out in the lignite-~
bearing region of North Dakota, except the Pierre
shale and the Fox Hills sandstone, which contain no
lignite, are discussed briefly below."

Hell Creek formation. --The Hell Creek forma-
tion of Late Cretaceous age consists, at its eastern
exposures in Sioux and adjoining counties, of alternating
beds of sandstone, shale, bentonitic clay, and thin
lignite beds that are not of major importance. The
total thickness of the unit is 250 to 300 feet (Denson,
1950, p. 5). Inthe Marmarth lignite field in western
Bowman County its thickness, as determined by Hares
(1928, p. 47), is 575 feet. In that area it contains
some lignite, but most of the beds are too thin or too
impure for commercial exploitation.

Fort Union formation. -~-The Fort Union forma-
tion of Paleocene age Is composed of the Ludlow,
Tongue River, and Sentinel Butte members (Brown,
1948, pp. 1270-72). The lowest member, the Ludlow,
is the equivalent of the Tullock member and Lebo
shale member of the lignite fields of southeastern
Montana; in North Dakota its outcrop area is limited
to a band averaging less than 10 miles wide that ex-
tends southeasterly from southern Golden Valley County
across Slope and Bowman Counties into Adams County.
In the southeastern part of the lignite-bearing area
the Ludlow member grades laterally into the non-coal-
bearing marine Cannonball formation.(See fig. 6.)

The best exposures and thickest sections of the
Ludlow member of the Fort Union are in the Marmarth
lignite field, where it consists of 260 feet of alternating
shale, sandstone, and lignite beds. The member thins
to the east and interfingers with the Cannonball forma-
tion over a considerable area before it disappears
entirely. The aggregate thickness of the lignite beds
in the member, in sec. 10, T. 135 N., R. 105 W.,
in Bowman County, is 39 feet 11 inches (Hares, 1928,
pp. 25-26, 47). Largely because of the small area
in which the Ludlow is exposed, the total estimated
reserves of lignite in the member are comparatively
small.

The Tongue River member of the Fort Union
crops out over more than nine-tenths of the lignite-
bearing portion of North Dakota. At most places the
upper part of the unit has been removed by erosion,
but in areas such as the Blue Buttes in McKenzie
County, the Killdeer Mountains in Dunn County,
Sentinel Butte in Golden Valley County, and other
localities in drainage divides, all or nearly all of the
original thickness of the Tongue River is preserved,
-though it is not usually well exposed. The member
consists of a series of alternating beds of sandstone,
shale, and lignite. Characteristically it is light in
color, contrasting in this respect with the dusky,
bluish-gray color of the underlying Ludlow member.
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The thickness of the Tongue River member in
the Sentinel Butte area in the southwestern part of
the State is given as 1, 100 feet (Leonard and Smith,
1909), and it is possibly somewhat greater near
Dickinson (Brown, 1948, p. 1270). The member thins
eastward to about 500 feet in the Knife River area
(Benson, in preparation).

The lower part of the Tongue River member
contains numerous thick and widespread beds of lig-
nite, and nearly all of the estimated reserves of the
State are in that member.

Lying above the Tongue River member, and
grading into it both laterally and vertically; is the
dark-colored Sentinel Butte shale member (Brown,
1948, pp. 1265-74), which is exposed in the higher
parts of the lignite-bearing region south of the Missouri
River. The Sentinel Butte contains beds of lignite,
but the total tonnage is small as compared with that
in the underlying Tongue River member.

- Golden Valley formation. --The Golden Valley
formation of Eocene age, as defined by Benson and
Laird (1947, pp. 1166-67), is exposed in buttes and
synclines and in interstream divide areas; the largest
occurrences are in southwestern Stark County, and
eastern Dunn and western Mercer Counties. The
formation is composed of two members. The lower
member, 20 to 30 feet thick, is composed of purplish-
gray carbonaceous shales interbedded with white,
sandy kaolinitic clays commonly stained yellow-orange
at outcrop surfaces. Locally it contains small quan-
tities of lignite (Benson and Laird, 1947, p. 1166).
The upper portion of the formation contains fine to
coarse-grained micaceous sands and silts, and small
lenses of clay. At the type locality of the formation,
near the town of Golden Valley in Mercer County, the
unit is about 170 feet thick.

White River formation. --The White River forma-
tion of Cligocene age consists of interbedded fresh
water limestone, calcareous clay, and sandstone beds.
It is exposedonly in small areas that are confined
to the southwestern one-fourth of the lignite-bearing
part of North Dakota. (See pl. 1.) The formation,
which contains no lignite, has been described by
Leonard (1922, pp. 218-228).

Pleistocene deposits. --Nearly all of the lignite-
bearing area north and east of the Missouri River is
covered by glacial drift to depths of 50 feet or more,
except where it has been removed by erosion. The
thickest deposits are in buried valleys in Divide, Burke,
and northern Williams Counties; one such valley in
the southwestern part of Divide County contains more
than 400 feet of glacial material. This valley trends
north along the edges of Ranges 97 and 98. Another
valley in the north central part of Burke County trends
west from near Bowbells across the entire County.

South and west of the Missouri River the glacial
deposits consist of terraces and thin deposits of till,
which may be of pre-Wisconsin or possibly very early
Wisconsin age. In this region most of the till has
been removed by erosion and only the larger and
more resistant boulders and cobbles remain on
the surface.



Structure

The lignite-bearing rocks of North Dakota are
essentially flat-lying and the broad folds that are
present are usually not discernible except by careful
observation. The recorded regional dip is northward
to northeastward at rates of from less than 10 feet to
as much as 180 feet to the mile, but many reversals
are present. Unusually steep dips are reported for
small areas. An example is the Hanks district in
Williams County, where the beds dip locally as much
as 33° (Leonard and others, 1925, p. 80). Another
area of unusually steep dips is near the town of Lignite
in Burke County (Townsend, 1950, pp. 1552-64). The
sides of the valleys of many of the larger streams
contain large slump blocks that may be confused with
orogenic structures, so that caution is necessary in
interpreting unusual dips in such areas.

Among the major structures exposed in the State
is the Glendive anticline, which extends into the
western parts of Slope and Bowman Counties. In this
area Fort Union deposits have been eroded, exposing
the Pierre shale, ( See pl. 1.) Other structures are
the Nesson anticline in Williams County (Collier,
1918), and the Keene dome, a southern extension of
the anticline into McKenzie County, (Nevin, 1946;
Laird, 1946). The dips in these structures are as
great as 80 feet per mile. East of the Keene dome
and the Nesson anticline, a syncline trends north-
northwest in the western part of the Fort Berthold
Indian Reservation and adjacent territory. A small
north-trending syncline has been mapped east of
Dickinson in Stark County, and other synclines in
northern Billings County are noted.

COUNTY DESCRIPTIONS

In the following sections the reserves of each
county in the lignite-bearing portion of North Dakota
are discussed, the text being supplemented by maps
showing outcrops and mine locations. In the discussion
the counties are arranged in geographical order, be-
ginning with the northwesternmost county, Divide,
and working east and south until all counties north
and east of the Missouri River have been covered;
following these the counties soyth and west of the
river are discussed.

Divide County

Geography and geology. --Divide County is in
northwestern corner of North Dakota. The population
of the county in 1850 was 5, 977; nearly all the people
are directly or indirectly supported by farming. The
largest town is Crosby, the county seat, which has
1, 404 inhabitants; other large towns, all with fewer
than'l, 000 inhabitants, are Noonan, Fortuna, and
Paulson. Branch lines of the Great Northern Railway
and the Minneapolis, St. Paul & Sault Ste, Marie
Railroad serve the county.

Most of Divide County is in the glaciated Missouri
Plateau section of the Great Plains province; a small
area in the northeastern corner is in the Drift Prairie
area of the Central Lowland province. The relief is
approximately 450 feet, surface altitudes ranging from
about 1, 950 to 2,400 feet. Small intermittent ponds

and lakes, and irregular drainage patterns throughout
the country emphasize the glacial genesis of the terrane.

Lignite beds. --Seven lignite beds, no one of which
underlies the entire county, have been recognized in
Divide County. Correlations of the beds are based
largely on altitudes above sea level. .

The lowest bed recognized in the county is the
Paulson no. 1 bed, which is identified on the basis of
two well records that penetrated 6 feet of lignite at
depths of about 400 feet near the town of Paulson. The
Paulson no. 1 bed is believed to underlie T. 163 N.,

R. 96 W., and small portions of the adjoining townships
on the east, west, and south, at an average altitude
above sea level of about 1, 500 feet. i

The next higher bed, the Paulson no. 2, is
about 100 feet above the Paulson no. 1 and underlies
the northeastern part of Divide County. A thickness
of more than 11 feet near Paulson is indicated by well
logs; other logs from Burke County and from Canada,
which do not give exact thicknesses, have been used
to delimit the areal extent of the bed.

A lignite bed known in Williams County as
bed A is projected into the south.central part of
Divide County on the basis of data noted in the Williston
lignite field. The assigned thicknesses in Divide
County range up to 3.5 feet, though in the mapped
area in Williams County (see fig. 7) thicknesses up
to 12. 5 feet are recorded. Throughout most of its
estimated area of occurrence in Divide County the
A bed is under 300 to 400 feet of overburden.

The Des Lacs bed, named by Leonard and Eaton
(L.eonard and others, 1925, p. 1486) for its outcrop in
the Des Lacs River valley in Burke County, is not
known to crop out in Divide County but on the basis
of well logs is believed to be present from 100 to
200 feet below the surface in the eastern part of the
county, at about 1, 850 feet above sea level. Its thick-
ness ranges up to 12 feet.' It is believed to be ter- -
minated on the west by a deep glacial channel trending
north in the border region of Tps. 160-162 N., Rs.
97-98 W; no data are available as to the presence of
the bed west of the channel.

Bed 2 is projected from Mountrail and Williams
Counties into a small area in the southeastern part of
Divide County, where it occurs approximately 1, 900 feet
above sea level and has an estimated average thickness
of 2.5 to 3.5 feet. .

Portions of Tps. 160-162 N., R. 95 W., are
underlain at altitudes above sea level of 1,950
to 2,000 feet by the Noonan bed, named by’
Leonard and Eaton (Leonard and others, 1925,
p. 79) for the town of Noonan, near which it is
being mined. The bed reaches a thickness of
7.5 feet, but the outcrop is nearly everywhere
buried by glacial deposits and is exposed in only
a few coulees where the glacial debris has been
removed by erosion. (See fig. 7.) The best
exposures of the bed are in the strip mines
south of Noonan, where the overburden is from
30 to 100 feet over an area of several square
miles. In some areas near Noonan the bed is
split into benches (Leonard and others, 1925,

p. 79).
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The Hanks bed underlies approximately the
western half of Divide County, at altitudes of 2,000
to 2, 100 feet. In the Fortuna-Alkabo area the thick-
ness is from 4 to 6 feet, and in this same area local
dips of as much as 45° are reported in mines. The
Hanks bed is thought to be cut off to the east by a
buried valley trending north along the approximate
line between ranges 97 and 98W.

Reserves and production. --The estimated orig-
inal reserves of lignite in Divide County are given in
table 25; a summary is given below:

Estimated original reserves of lignite in

Divide County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 21 364 6,899 7,284
5-10 64 374 137 575
10+ 54 200 51 4os5
Total 139 1,038 7,087 8,264

Estimated reserves for the Noonan bed in Divide
County are given in table 4.

The only two lignite beds that have been developed
commercially in Divide County are the Hanks bed in
the western part and the Noonan bed in the eastern
portion. Nc mining in the Hanks bed has been reported
since 1945; one operation in the Noonan bed is now
active. In past years, however, 37 mines have been
opened in Divide County; both underground and strip
mines are included in the total reported operations.

The all-time recorded production of lignite in
Divide County is 4, 634, 961 short tons, of which nearly
half has been recovered since 1940. The greatest
output for any one year was 267, 922 tons in 1947; pres-
ent annual production is at substantially that level.

The only operating mine in Divide County in 1950
was the Baukol-Noonan strip mine in the Noonan bed
in sees. 2, 3, 10, and 13, T. 162 N., R. 95 W.

Williams County

Geography and geology. --Williams County is on
the western border of North Dakota, south of Divide
County, and north of the Missouri River. (See fig. 7.)
The population of the county in 1950 was 16, 402. The
principal city of the county and surrounding region is
Williston, which has a population of 7,353. The chief
income is from farming, but in the Williston area there
has been considerable activity in oil in 1951 and 1952,

Rail transportation for the county is supplied by
the Great Northern Railway. The main line passes

Table 4

original

through Williston, Epping, and Tioga, and a spur line
serves the towns of Corinth, Appam, Zahl, Hanks and
Grenora.

Most of Williams County is a broad rolling upland
covered by glacial drift that is deeply incised in the
southern portion by the valley of the Missouri River
and its tributary, Little Muddy Creek,in the east-central
part of the county, Farther northwest, Scoria Creek
has cut a moderate depression in the plain. Elevations
in the county range from about 1, 800 feet in the Missouri
River valley to a maximum of 2, 400 feet in the east-
central part of the county; the general altitude of the
upland surface is about 2, 200 to 2, 300 feet.

Lignite beds. --Six lignite beds of wide areal ex-
tent, as well as several minor beds,are known to under-
lie parts of Williams County. 'The lowest of these is
the Des Lacs bed, which crops out in Burke County and
is inferred to underlie the northeastern part of Williams
County.

The next bed above the Des Lacs horizon is bed A,
which crops out in the valley of Little Muddy Creek.,
Its thickness ranges from less than 2 1/2 feet in sec.
18, T. 153 N., R. 102 W., to 14 feet in sec. 29, T.
155 N., R. 96 W. The bed is 2.5 to 9 feet thick in the
vicinity of Williston and appears to thicken north and
east of that city. It probably underlies most of the county
at depths of 400 to 500 feet, except for narrow areas
in the eastern and western parts of the county and in
the valleys of Little Muddy Creek and the Missouri
River.

Bed B (Herald, 1913), the next bed above bed A,
is 5.8 to 9. 5 feet thick along its cutcrop in Tps. 153-
154 N., R. 100 W., and reaches a maximum known
thickness of 14 feet in a well in sec, 35, T. 155 N.,
R. 99 W. The bed probably underlies all of the eastern
and southeastern portions of the county except where
it has been removed by erosion. In Tps. 153-154 N.,
Rs. 102-103 W., west of Williston, where the bed is
as much as 400 feet below the surface, it averages
less than 5 feet thick, and westward from that area
it thins to less than 2 1/2 feet. In T. 1564 N,,R. 97 W.,
the bed dips west at the rate of 20 to 40 feet per mile;
still farther west, the beds are almost horizontal. Bed B
is correlated with bed 2 of Collier (1918) and bed 2 of ~
the Fort Berthold area (Pishel, 1912). These beds have
been correlated over about one-third of Williams County
and over large areas in the counties to the east.

Bed C (F. A. Herald, 1913) crops out on the east
side of the valley of Little Muddy Creek. It is about
7 1/2 feet thick throughout most of its outerop area
but is believed to be of relatively small areal extent.

Bed D is the same as the Williston bed, as Collier
(1918, p. 212) uses the term. It is correlated also
with bed 3 of the Fort Berthold Indian Reservation. It
reaches a thickness of 8 feet on the east side of Little
Muddy Creek in sec. 3, T. 154 N., R. 100 W., and
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{in millions of short tona)

Measursd reserves

Indicated ressrves

Inferred reserves

Location Averege
thickness

. Average

Reserves| enickness

Acres

Acres

Total

Resorven | MV2C%€2 | sores | Reserves | TOSOT7OS

6.0 2,719 28,551 4.9

=
L
O
2
=
PEpEpD

4,998

80,77 1sh.72

k5.0 'Z 11,662
N 7 6,40 40
vee 3,5 20.35 136.’55 xsb.ga
% I fg oie| o
38 *330 2:30 2.30

2,719 28,55

h4998

4540 320.66 304,82




11 to 12 feet in sec. 11, same township and range.
The bed thins locally to 2.6 feet in sec. 34, T. 155 N.,
R. 100 W:, but thickens again north of that area. A
bed of lignite 15 fcet thick in a well in sec. 35, T. 154
N., R. 99 W., is correlated with bed D. In general
the lignite thickens toward the north and east and
pinches out toward the westjand a persistent parting,
ranging in thickness from 1 1/2 to 3 feet, is char-
acteristic of the bed at nearly all exposures. Bed D
probably is covered by as much as 300 feet of over-
burden.

The Marmon bed, higher stratigraphically than
bed D, is confined to the southeastern part of Williams
County. Its maximum thickness, about 11 feet, is
reported in a well in T. 155 N., R. 99 W. Several
mines have been opened in this bed.

The Hanks bed crops out in the northwestern part
of the county, where it underlies a considerable area
at about 2, 100 to 2, 250 feet above sea level. In the
Hanks-Zahl district (fig. 7) the bed is as much as
8 feet thick. In the valley of Scoria Creek the horizon
of the Hanks bed is marked by clinker resulting from
the burning of the coal.

Several beds in the western part of Williams
County have been mapped but do not appear to be
correlatable with the more widespread beds and hence
are treated individually in the estimate of reserves.

A number of local beds occur throughout the coal sec-
tion described above. In most places these beds are
either less than 2 1/2 feet thick or are too poorly
described to permit an estimate.

Reserves and production, --The estimated orig-
inal reserves of lignite In Williams County are given
in table 25; a summary follows:

Estimated original reserves of lignite in
Williams Count .
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 210 1,427 17,223 18,860
5-10 242 1,252 4,472 5,966

10+ 64 586 1,458 2,108
Total 516 3,265 23,153 26,934

Reported ali-time production of lignite from
Williams County to January 1, 1951, is 2,010, 051 tons,
of which only 344, 232 tons have been mined from 1941
to 1950. The annual reports of the State Coal Mine
Inspector list more than 125 mines as having been
operated at one time or another in the county; most
of these mines were of the slope or drift type. Of
the 12 mines operating in 1850, nine were underground
operations and only two were strip mines.
are listed below:

Operating mines in Williams County in 1950

Name of mine Location Type Bed
sec. T. R.
Holland---~-~=-cemuu-- 9 153N 100W Drift-C or D
Black Diamond-~~=---- 4 153N 100W--do--- D
Van Allen--------——-- 20 154N 97W Slope- D?

These mines
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Operating mines in Williams County in
1950--Continued

Name of mine Location Type Bed
sec. T. R.

Cedar Coulee No. 2--- 20 154N O7W Drift- D?
Star----—--cmmeeeeoo- 24 154N 100W Slope- D
Williston View------- 4 154N 100W Drift- D
Standard Cogl Co,=---- 20 154N 100W--do--— C
Ledahl Coal Co.-==== 10 154N 100W Strip- D
Ray'S=c-memeemcmeeee 22 154N 100W Slope-C or D
Granly------==m-—m-eu 25 155N 96W Strip- B
M & M Coal Co.-=rmmmm 29 155N 96W--do--- B?
Sorenson---===cacama- 7 159N 101W Drift-Hanks

Mountrail County

Geography and geology. -- Mountrail County is
in the north central part of the lignite-bearing region
of North Dakota. It is bounded by Burke County on the
north, McLean County and the Missouri River on the
south, and Williams County on the west. The population
in 1950 was 9, 399 and is supported mostly by farming.
Stanley, the county seat, with a population of about
1,000, is the largest town. The main line of the Great
Northern Railway passes through Tagus, Stanley, and
White Earth (fig. 8) anda branch line of the same
system runs northwest from Stanley into southern Burke
and Williams Counties. A branch line of the Minneapolis,
St. Paul & Sault Ste. Marie Railroad crosses the southern
part of the county, terminating at Sanish on the Missouri
River.

Approximately the two southern tiers of townships
in Mountrail County are within the original limits of
the Fort Berthold Indian Reservation. The area covered
by the reservation is indicated on the map (fig. 8), and
is important in the study of lignite in the county because
the reservation was mapped earlier and in more detail
than other parts of the county, and because the desig-
nations of the beds are different from those used in
adjacent areas.

Most of the surface of Mountrail County is covered
by till. In the northeastern part, the surface is gently
rolling; the southwestern portion, along the valleys of
the Missouri River and its tributaries, is in most areas
highly dissected. Beneath the glacial material the ex-
posed bedrock is the Tongue River member of the Fort
Union formation.

Lignite beds. --Three outcropping beds of lignite
have been mapped in Mountrail County, all in the orig-
inal Fort Berthold reservation. In addition, two beds
are inferred to underlie parts of the county on the basis
of outcrops in adjoining counties. The lowest of the
mapped beds is bed 1, which crops out in the south-
western part of the county in the Missouri River valley,
where its elevation above sea level averages about
1,780 feet. Its maximum thickness is reported to be
10.2 feet in T. 161.N., R. 93 W., and the lignite is
reported to be of high quality. It contains, however,
numerous partings, which increase in number and
thickness to the east and west. To the north, the bed
thins and the partings are fewer.

Bed 2 underlies the major portion of southern
Mountrail County and crops out in the Missouri River
valley. It is correlated with bed B of Williams County
and with the Minter bed of McLean County on the basis



. C_A N_A_ D _A
1 tal NormgaL LN 164 ll
: I w EXPLANATION
Coal outcrops
: '—JLe thon 2 1/2 feet thick
w o Qllu_ngun ST P . AND Flaxton 5 I y 88 @ icf
s i Er——— e ' ST 1 212 10 5 feet thick ~=~=--
g, LOTSON GREA k0 - i 1
[+ L N — 510 10 feet thick —-————
e 00N, I 62
R | o 3 >
— 1,050, - oburn K ’ '
> = . \K\’ - 2 Coal .mirws
B U R K E | w Underground mines -~ -+ +----%
— 161y .
1 Coteau o« Abondoned underground mines--$¢
QL Strip mines- - oo 808
£ - " T Abandoned strip mines- s
l ;\“‘.!‘ Niobe !
1 »
| | w
Ll
T | Konomm\
view
oVanvitie
b }
wers Lake

- MILI“NAL

<
' .
—' W
) L—\Xmm“ocl
'. 9t 90 89
_JI -
—i
= & Jwnite Eorth
1 "m\
' ’ﬂgﬁq i
r. E" v\\'\'\, isnﬁu /ﬁ%ﬁrﬂ"
' 58 STANLEY
I
l [
[
| M 0] 8) N T R A |
' <
B : i
- *
" =~ @ 154
7 OEpworth® /' | =
1
® “ d‘} 1533
\ B L] Plaza L
\\g g 0,\
ront | )

12 Miles
—

Figure 8. --Lignite outcrops in Burke and Mountrail Counties and part of Ward County, North Dakota.

17




of the elevations of the outcrops and known structure.
Bed 2 reaches a maximum thickness of 5 feet. In
places the lignite is of good quality, but in areas it

is impure and in T. 151 N., R. 93 W., is replaced by
clay. :

Bed 3 (Pishel; 1912) is believed to underlie
nearly all of the county except the most southern part.
It stands at about 2, 000 to 2, 100 feet above sea level
and on the basis of altitude is tentatively correlated
with bed D of Williams County. The maximum known
thickness, as indicated by well-log data from T. 151 N.,
R. 92 W., is 14 feet, though the average for the out-
crop area is only 4 to 6 feet.

From data in adjacent Ward and Burke Counties,
the Des Lacs bed is inferred to underlie the north-
eastern part of the county about 500 to 600 feet below
the surface, at altitudes of about 1, 800 to 1, 850 feet.
In the southeastern part of the county the 1-A or
Garrison Creek bed of McLean County is inferred to
underlie a considerable area at 1, 850 to 1, 900 feet
above sea level. The bed is estimated to be about
3 1/2 feet thick.

Reserves and production. --The total estimated
reserves for Mountrail County are summarized below;
the reserves by townships are given in table 25,

Estimated original reserves of lignite
Mountrall County
(1in mi1lions of short tons)

Thickness of Category of reserves

beds (ft.) Measured Indicated Inferred Total
2}-5 148 356 13,814 14,318
5-10 68 368 311 47

10+ 79 234 - 313
Total 295 958 14,125 15,378

Recorded production of Mountrail County since
1920 has been only 218, 638 tons; no figures prior to
1920 are available., The peak production was in 1942,
when 16, 474 tons was mined; 1950 production is listed
as 2, 590 tons.

As many as 40 mines have operated in Mountrail
County, 25 having been reported for a. single year.
For 1950, however, only two mines were reported in
operation. These are listed below:

Operating mines in Mountrail County in 1950

Name of mine Location Type. Bed
sec. T. R.
Timel------—-~-=====~ 19 154N O4W Drift- 3
Hansen----========--- 6 152N 92W Strip~ 3

Burke Comﬂ

Geography and geology. --Burke County is bounded
on the north by Canada, on the east by Renville and Ward
Counties, on the south by Mountrail County, and on
the west by Williams and Divide Counties., Agriculture
and related industries supported a population of
6,597 in 1950, The principal towns are Bowbells,
Flaxton, and Columbus, none of which has as many
as 1,000 inhabitants. These towns are served by a
branch line of the Minneapolis, St. Paul & Sault Ste.

18

Marie Railroad; two branches of thé Great Northern
Railway serve other parts of the county.

The northern part of Burke County, in the Drift
Prairie area, is separated from the southwestern part,
in the glaciated Missouri Plateau, by the Missouri
escarpment. Elevation of the prairie is about 1, 900
to 2,000 feet, and the plateau is approximately 200 feet
higher. The topography of the entire county is rolling
except in the eastern part, where the Des Lacs River
and its tributaries have cut into the general plain level
to depths of 100 to 150 feet. Beneath the glacial till
that forms the surface of most of the county, the bedrock
is the Tongue River member of the Fort Union formation.

Lignite beds. --Of the five extensive lignite beds
known in Burke County, it is probable that only one

underlies more than half the county. The lowest bed,

the Paulson no. 1, is projected from Divide County and
underlies about 2 square miles in the northwestern part
of Burke County at an elevation above sea level of about
1,550 feet. The bed is estimated to be about 3.0 feet
thick on the basis of well information from Divide County,
and lies under about 500 feet of overburden.

The Paulson no. ‘2 bed, also projected from Divide
County, underlies approximately two townships in the
northwestern part of the county and attains a thickness
of 7.5 feet. Its altitude is about 1, 650 feet, and it is
under 400 to 500 feet of overburden. Three local beds
penetrated by water wells in parts of Tps. 160-162 N.,
Rs. 90-91 W., are estimated with the Paulson no. 2 bed,
as they are at approximately the same horizon.

The Des Lacs bed is exposed at outcrops and in
mines in the valley of the Des Lacs River, at altitudes
of about 1,800 to 1, 850 feet. The bed is not mapped,
but it is reported by Leonard and Eaton (Leonard and
others, 1925, p. 146). The overburden ranges from
about 100 feet in the northern part of the county to about
300 to 400 feet in the southwestern part. In western
Burke and eastern Divide Counties the bed, as correlated
on the basis of water-well information, is a maximum
of 12 feet thick; but at abandoned mines in the Des Lacs
River valley the thickness is only 4 to 6 feet. The bed
probably underlies all of the county except where it has
been cut out by buried valleys, the principal one of
which trends northwest from T. 161 N., R. 88 W., to
the extreme northwestern corner of the county. A
tributary valley appears, on the basis of recent drilling,
to cut out the coal in an area south of Bowbells, and to .
join the principal valley about 6 miles northwest of that
town. The estimated width of these buried valleys is
about 2 miles, and in places they are cut as much as
350 feet below the present surface.

Bed 2 of Mountrail County probably underlies the
two southern tiers of townships in Burke County. It
is possible that the abandoned Schult mine 2 miles west
of Bowbells is in this bed, at an altitude of about 1, 900
feet.

The Noonan bed, the only bed now being mined
commercially in Burke County, underlies the west-
central portion of the county. The lignite is as much
as 8 feet thick at outcrops and in mine cuts; in places,
however, as reported by Leonard and Eaton (Leonard
and others, 1925, pp. 78-79) it apparently splits into
three benches. The Noonan lignite crops out at about
1, 950 feet elevation; and in a band about 1 1/2 miles



wide back of its outcrop, which extends about 20 miles
in Burke County, it is under relatively light cover. In
large parts of Tps. 161-162 N., Rs. 91-94 W., the
lignite is under less than 100 feet of overburden,

Bed 3 of Mountrail County is inferred to underlie
a small area in the southernmost tier of townships in
Burke County. )

Reserves and production. --The estimated orig-
inal reserves of lignite in Burke County are summarized
below; reserves by townships are given in table 25,

Estimated original 11 8 s
Count
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total
23-5 24 238 5,513 5,775
5-10 109 330 275 714
10+ 11 81 29 121
Total 144 649 5,817 6,610

The estimated reserves of the Noonan bed, which
is being extensively mined at present, are given in
table 5.

In all, 44 mines have been reported at different
times in Burke County, but only 2 are now in operation.
Past and present activity is concentrated largely in
the vicinity of Columbus, though one mine was operated
west of Bowbells in the 1930's, and an operation about
6 miles north of Columbus is also recorded. Both of
the mines now operating are strip mines.

The total all-time production of Burke County
through 1950 is reported as 8, 730,000 tons. Nearly
half of this production was mined between 1941 and
1950, the peak year being 1950, when 450, 000 tons
was produced.

Mines operating in 1950 are listed below:

Operating mines in Burke County in 1950

Name of mine Location _Type Bed
sec. T. R.

Bonsness Coal Mine--- 21 162N 93W Strip-Noonan
Truax-Traer Coal Co-- 19 162N 93W--do--- Do.

Renville County

Geography and geology. --Renville County is
bounded on the north by Canada, on the south by Ward
County, and on the west by Ward and Burke Counties,
The population in 1950 was 5, 388 and is supported

chiefly by agriculture. The Great Northern Railway
and the Minneapolis, St. Paul & Sault Ste. Marie Rail-
road serve the county.

The topography is generally rolling, the principal
features being the valleys cf the Souris and Des Lacs
Rivers. The former stream flows south-southeast acros~
the county, entering it from Canada near the north-
western corner; the latter cuts across only the south-
western corner. The lignite-bearing portion of the
county is generally west of the Souris River, where
the plain stands at elevations above sea level of 1, 725
to 1,950 feet; the terrane east of the river, where no
lignite is known but where a small amount may be
present, is about 125 to 200 feet lower. The bed of
the Souris River !stands at about 1, 600 feet at the
southern boundary line of the county, rising to
1,623 feet at the Canadian border.

Lignite beds. --The lowest bed for which reserves
are calculated Is the Mattson bed, named for the Matt-
son mine,2 miles from Tolley. (See fig. 9.) In that
area the bed is reported to be 12 feet thick and lies
under about 300 feet of overburden at an elevation above
sea, level of about 1, 550 feet.

The Burlington bed underlies a small part of
Renville County at elevations of 1, 650 to 1, 700 feet.
No mining activity in this bed has been reported. The
next highest bed is the Des Lacs bed, which underlies
the southwestern portion of the county, at about
1, 800 feet elevation. Inthe extreme southwesterntownship, -
the Coteau bed of Ward County, or a bed at very nearly
the same horizon, is present at an elevation above sea
level of about 1, 850 feet.

Reserves and production, --The estimated reserves
of Renville County are summarized below; reserves
by townships are given in table 25.

Estimated original lignite reserves of Renville
County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total
245 4 117 603 T2k
5-10 5 35 -——- 40
10+ 19 -—- -— 19
Total 28 152 603 783

Only four mines are listed as having operated
in Renville County from 1918 through 1950. The best
known of these was the Mattson mine, a shaft mine
about 300 feet deep which was active in 1926 but had

Table 5..-Estimated originel reserves of lignite in Noonan bed, Burke Cointy, North Dakota
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only a short life. In the late 1930's three short-lived
slope mines were reported, the last production having
been in 1940. The total all-time production for the
county is less than 3,000 tons, all obtained from under-
ground mines. -

Ward County

Geography and geology. --Ward County is bounded
on the north by Renville County, on the east by McHenry
County, on the south by McLean County,'and on the west
by Mountrail and Burke Counties. (See figs. 8, 9.)

The population in 1950 was 34, 631, of whom 21, 924
were in the city of Minot, the trading center for a
large farming area in central and northern North Dakota.
The main line of the Great Northern Railway passes
through Minot and Berthold, and a branch of the same
line runs northwest from Berthold. The southern
part of the county is served by a branch of the Minne-
apolis, St. Paul & Sault Ste. Marie Railroad that
terminates at Sanish in Mountrail County, and another
branch of the same system that parallels the Des Lacs
River northwest of Minot.

The surface elevation in the northeastern part
of the county is about 1, 800 feet; in the southwestern
part it is about 2, 400 feet. The valleys of the Des
Lacs and Souris Rivers cut about 150 to 200 feet into
the general level of the plains. The entire area except
the stream valleys is overlain by glacial till; the bed-
rock is mostly the Tongue River member of the Fort
Union formation, though it is probable that in the north-
eastern part of the county Cretaceous strata may crop
out,

Lignite beds. --The lowest lignite bed identified

in Ward County is the Burlington bed, which stands

at an elevation of about 1, 820 feet at most of its
observed exposures in the valleys of the Des Lacs and
Souris Rivers northwest of Minot. The known length
of outcrop of the bed is-about 20 miles, between a
-point about 1 1/2 miles west of Minot and a point

2 miles northwest of Carpio. (See fig. 9.) Andrews
(1939, p. 69) records a thickness of 10 feet 10 inches
about 1/2 mile southeast of Burlington. In this vicinity
the bed is free from partings, but to both the north-
west and southeast it thins and the partings increase
in number and thickness. About 3 miles west of Minot
the lower half of the bed is bony.

Outerop information and mine data have been
used in inferring the presence of the Burlington bed
in an isolated block between the Souris and Des Lacs
Rivers. It is estimated that most of the lignite in this
bed is overlain by 200 feet of cover, but in the valley
sides the cover ranges from a few inches to 100 feet.
Although a number of old mines may be seen in the
Des Lacs River valley, no mines are now operating
in this bed.

The Des Lacs bed underlies part of northwestern
Ward County at elevations above sea level of 1,830 to
1, 860 feet, as determined from mines in the valley of
the Des Lacs River. It is 4 to 6 feet thick (Leonard
and others, 1925, p. 146); its overburden is about
200 feet over a large area, thinning near the Des Lacs
River. The dip of the bed has not been determined.

It has been mined fairly extensively in the past, but
at present only one mine, near Kenmare (fig. 8),is
operating.
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The Coteau bed, which is correlated with the
Garrison Creek bed of McLean County in the Missouri
River Valley, crops out over relatively extensive areas.
Its elevation ranges from approximately 1, 820 to
1,900 feet in the Velva area in Ward and western
McHenry Counties, It attains thicknesses of as much:
as 16 feet in the Truax-Traer Company's Velva mine,
and is strip-mined at a number of places near its

-outcrop. In this area the overburden is thin, but it
thickens to the southwest. In T. 152 N., Rs. 81-82 W.,
and in T. 151 N., R. 81 W., a belt from 1/2 mile to
1 1/2 miles wide appears to have 100 feet or less of
cover over the lignite, At present four-mines are
operating along the northeast outcrop of the Coteau
bed.

Drill holes indicate presence of the Minter bed of
McLean County in the southern part of Ward County.
Accurate thickness measurements are notavailable, but
it is thought that the bed is of minable thickness.

Reserves and production. --The estimatedreserves
of lignite in Ward County are given by townships in
table 25 and summarized below.

Estimated orlginal preserves of lignite in Ward
County
(1in millions of short tons)

Thickness of" Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 7 538 6,092 6,707
5-10 37 381 2,306 2,724
10+ 146 241 368 855
Total 260 1,260 8,766 10,286

The estimated reserves of the Coteau and
Burlington beds, in which most of the mining in Ward
County has been carried on, are given in tables 6 and
7, respectively.

More than 70 mines have been opened in Ward
County from the beginning of mining to January 1, 1951,
according to the reports of the State Coal Mine Inspector.
The first mining was in the northwestern part of the
county, largely by underground methods, in the Bur-
lington bed. In recent years a number of large-scale
stripping operations have been opened in the Coteau
bed in the southeastern part of the county. The all-
time production from Ward County is reported as
13,034, 202 tons, of which more than 5 million tons
were produced in the years 1941-50. In 1950 the total
reported production was 550, 102 tons, of which 7, 700
tons was from two slope mines and 542, 402 tons from
four strip mines.

The mines now operating in Ward County are
listed below:

Operating mines in Ward County in 1950

Name of milne Location

sec. T. R.

Type Bed

Ankenbauer------- 12 160N 89W Slope- Des lLacs?
MillePe-—em=—a=— 11 152N 82w Strip- Coteau.
Quality Lignite 24 152N 82W --do-- Do.
Co.

ViXommmmmmem e e e 24,25 152N 82W Slope- - Do.
West Side--=-==-- 23 152N 82w Strip- Do.
Truax-Traer, 34 152N 81W --do-- Do.
Velva.



Table 6. _Estimated original reserves of lignite in Coteau bed, Ward County, North Dakota

(in millions of short tons)

Measured reserves Indicated reserves Infarred reserves
Average Average Average ) Total
", Location talckness| Acres |Reserves |thickness| Acres |Reserves |thickness| Acres |Reserves | reserves
T.1588., R.B7W. . vee eee . 2,6 20,386 9141|9141
T.157H., R.86W, .. i . 2.6 8,871 4o.36|  4o.36
. T.1578.) R.87W. o 2.6 23,040 |  204.83] 104.83
T,156N,, R.86W, ves eer . vee . . 2.6 10,433 b7 7.47
T.156N:, R.87W. o ol e o . . 2.6 zsﬁoﬁe 10&.%3 l%h:%B
T.155N., R.84W. et . . 2.6 2 0.97 0.97
155N, n.g%W. . . o . . . 2.6 10,90 b6l ko:b2
T.155N., R.86w, e . P vee e 2.7 22,472 106,18 106.18
T.155N.,- R.O7W. vee ees aee . 2.7 23,040 108.8 108.86
T.1S4N., R.B83W, vee ves .. ves .. . 3.0 1,452 7.62 7.62
T.1§ﬁn,. R.8LW. . - ..t .. . ... 3.0 15:%73 83.86| 83.86
T.154N., n.agw. . ces vee aes ves cee 2.8 3, 040 112.30 112.80
T.15;N., R.86W. .. ves ees . .. eee 2.7 23,040 108.86| 108,86
T.154N,, R.87W. . . ree ee “ee “ee 2.7 23,0l0 108,86| 108.86
T.153N., R.8zW. 7.5 927 12,17 5.5 3.5 3,350 20.52 50.79
T.153N., R.83W. eee ees vee vee 3.5 19,375 118.% 118, Z
T.153N., R.84w. vee . .e ves 3.0 3,040 120.9 120.9
T.153N., R.85W. .ee . .. eee 2.8 23,040 112,90{ 112.90
T.153N,, R.86W. . . eee ... 2.7 23,040 108.86{ 108.86
T.153N., R.87W. . .. e . 2.7 23,040 108.86| 108.86
T,152N,, R,01W, 12.5 5 98.53 12.5 2,922 wee ves .. 162.45
T.ISZN.: R.82w, 10.0 ﬁﬁsg% 96,38 10.0 5003 10.0 72977 126,76 380,60
T,152N,, R.83W, .. 5., 240 2 5.5 22,810 150, 7 153.5%
7.152N., R.8Lw, . . ees [ . vee 3.0 23,040 120.9 120.9
T.152N., R.85W. . . .. .. . een 2.8 23,040 112,90 112.go
T.152%,, R.86W, . een .. . . vee 2.7 23,040 108.86| 108,86
T.152N., R.87W. ves . . . 2.7 23,040 108.8 108.86
T.151N., R.81W, 12.5 505 11,05 10.0 3,590 76.72 | 10.0 18,981 303.42|  391.19
7.151¥., R.82W. .- . .. >0 .. 6.8 23,040 273.85] 273.85
T,151N., R.83%, cen ves ves 3.5 23,040 141.12f 11,12
T.151N., R.84W. vee ven See 3.0 23,040 120.96| 120.96
7.151N., a.egw. e e ‘e 2.8 23,040 112.90] 112,90
T,151N,,. R, 86W, ves e e ves .o 2.8 23,040 112,90 112,90
T.151N., R.87W. . .. . . ves vee 2.8 23,040 112.90| 112.90
Total 10,459 218.13 16,718 319.00 624,000 | 3,574.53(4,111.66
Table 7.-.Estimated original reserves of lignite in Burlington bed, Ward County, North Dakota
(in millions of short tons)
Measured reserves Indicated reserves Inferred reserves
Total
Location Average Average Average reserves
thickness Acres Reserves | thickness! Acres Reserves|thickness Acres Reserves
T.157N., R.84W. 4.9 52 0.46 k.o 2,966 20,76 4.0 2,215 15.51| 36,7
T.157N., R.86W. 3.9 1,589 8.%6 %.u 9,152 so. 3.9 laio7 30.L6| B89.8
T.157N., R.86W, 3.0 35 1,87 .0 3,938 20.67 3.0 1,922 10.09] 32.6
T.156N., R.83W. .es “ee ees 5.6 1,080 A3 vee ves ... 9
PECERE | @ e a3 B BB B B | o w48
11268, ) R.86W. % 15 ; He oag | R B e
T.155N., R.83W.. 4.2 1,28 10,13 .7 050 32.56 Ve ee | 42,6
;.isgg.: 2.853. 5.8 2568 | 1333 g.g 11:3 3 53.21 3.0 la,ggi %g.gg 1§?.g§
. «» R.85W, eee vee ees . 7ho . . . .
7.155N., R.G6W. O . s . N .. 3.0 3,200 11.55| 11.5%
Totel 7,000 45.10 46,458 316.37 62,801 372.92] 734.39
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McHenry County

The Coteau bed crops out in two townships in
the southwestern corner of McHenry County, the
principal exposure being north of Dogden Butte, not
far from the town of Kongsberg. (See fig. 9.) The
lignite in McHenry County, which is estimated at
118 million tons, is essentially a southeastern con-
tinuation of the outcrop of the Coteau bed of Ward
County.

‘Sheridan County

Sheridan County, which borders McHenry County
on the south, probably contains, in a small area, the
Wilton bed, which crops out in the adjacent counties.
No mining from the county has been reported, but a
small reserve of minable lignite is estimated on the
basis of the nearby outcrops.

McLean County

Geography and geology. --McLean County is
bounded on the north by McHenry, Ward, and Mountrail
Counties, on the east by Sheridan County, on the south
by Burleigh and Mercer Counties, and on the west by
Dunn County. In 1950 the population of 18, 770 was
supported principally by agriculture. The principal
towns are Washburn, the county seat, Riverdale, and
Garrison; no other towns in the county contain as many
as 1,000 inhabitants. The Minneapolis, St. Paul &
Sault Ste. Marie Railroad runs north and south through
the county, and a branch of the same railroad runs
east and west near the northern border. A spur of
the Northern Pacific Railway enters the county from
the east, ending at Turtle Lake. (See fig. 10.)

At the present time a large force is based at
Riverdale for construction of Garrison Dam on the
Missouri River. The western part of the county is
within the original boundaries of the Fort Berthold
Indian reservation.

Surficially, most of McLean County is a fairly
smooth plain, into which the Missouri River and its
larger tributaries have cut broad valleys, usually
1 to 2 miles wide and bordered by bluffs. Most of
the exposed rock is the Tongue River member of the
Fort Union formation, though in some areas, partic-
ularly in the northern part of the county, there is a
comparatively thin veneer of glacial drift. Altitudes
range from 1, 640 feet to 2, 100 feet in the southern
part of the county and from 1, 700 feet to 2, 300 feet
in the western part.

Lignite beds. --Information on the lignite beds of
McLean County 1s much more abundant for the western
two-thirds of the county, which has been mapped by
Pishel (1912) and Andrews (193¢),than for the eastern
portion, where dependence must be placed largely on
sketch maps, mine data, well information,and the
annual reports of the State Coal Mine Inspector.

The lowest lignite bed cropping out in McLean
County is the Wolf Creek bed, which has been mapped
near the Missouri River in T. 147 N., R. 86 W.,
where the thickness of the lignite average 5. 5 feet,
and in the east bank of the river south of Riverdale.
(See fig. 10.) In its outcrops in T. 147 N., R. 84 W.,
the bed ranges in thickness from 4.2 to 9.7 feet, and
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characteristically contains a parting 1 to 5 feet thick.
South of that township the bed thins to less than 2 1/2
feet in the southern part of T. 146 N., R. 84 W., and
the northern part of T. 145 N., R. 84 W.; but farther
south, in secs. 26 and 35, T. 144 N., R. 84 W.,its
average thickness is 7 feet, including in some places
a parting 1.0 to 1.8 feet thick. The bed has been
traced into T. 144 N., R. 83 W., but no thicknesses
in that township are given. Throughout most of its
area of occurrence south of Riverdale the bed is under
300 to 400 feet of overburden.

The Wolf Creek bed may possibly be correlated
with a bed about 30 to 40 feet below bed 1-A, which
has been mapped in the Fort Berthold Reservation.
It is also believed that the Knoop bed is equivalent to
the Wolf Creek bed in T. 145 N., R. 84 W.

The next minable lignite above the Wolf Creek
bed is the Garrison Creek bed, which is mapped as
bed 1-A in that part of the county formerly within the
Fort Berthold Indian Reservation,. and which is correlate
with the Coteau bed of Ward County and the Dogden
Butte area of McHenry County. The Garrison Creek
bed crops out in the coulees tributary to the Missouri
River in the southwestern part of McLean County,
generally at about 1, 800 to 1, 850 feet above sea level.
The maximum known thickness of the bed, in sec. 35,
T. 148 N., R. 85 W., is 10 feet; and in the Custer

‘mine, 5 miles east of Garrison, the lignite is 5 to

6 feet thick and lies under only 35 to 50 feet of cover.
The bed thickens to the north, and probably underlies
a very large area in the northern and central parts
of the county. It has been mined on a fairly large
scale in the vicinity of Garrison.

The bed can be traced south of Riverdale to
sec. 35, T. 146 N., R. 84 W., where the thickness
is about 4.0 feet. South of this point it is believed to
be generally thin or absent.

The Minter bed, which is equivalent to bed 2 of
the Fort Berthold Indian Reservation, is mapped in
tributary coulees of the Missouri River and probably
underlies a large area in the western portion of McLezn
County, extending into parts of Ward, Mountrail, and
Williams Counties. Lignite thicknesses up to 13 feet
are reported in well borings in T. 149 N., R. 85 W.
Thicknesses of 9 to less than 2 1/2 feet are recorded
in the Missouri River valley west of Garrison. In
the Fort Berthold Reservation the bed ranges from
2.5 to b. 5 feet in thickness in T. 147 N., Rs. 85-90 W.
In parts of Tps. 148-149 N., Rs. 90-91 W., the bed
is less than 2 1/2 feet thick,

1t is believed that a bed south of Riverdale known
as the Kruckenberg is equivalent to the Minter bed.
In this area it is generally less than 2 1/2 feet thick.

The Stanton bed crops out in Tps. 144-145 N.,
Rs. 83-84 W., and ranges up to about 6,0 feet of good
lignite. However, most of the sections of the exposed
outcrop reveal between 2.5 to 5.0 feet of lignite.
Although this bed underlies a large area west of the
Missouri River in Cliver County little is known about
its extent in McLean County.

In the southeastern part of McLean County the
Fairman bed, which is at approximately the same
horizon as the Garrison Creek bed, probably underlies
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a relatively small area in the vicinity of Washburn.
Lignite thicknesses of as much as 11 feet are re-
ported for this bed, which is about 1, 800 to 1, 830 feet
above sea level.

The Wilton bed, of the southeastern part of the
county, which may be equivalent to the Stanton bed,
is included in the reserve estimates largely on the
basis of mine information. It is approximately 1, 900
to 2,000 feet above sea level and ranges up to 10 feet
thick east of the town of Wilton. The bed is believed
to be more than 5 feet thick underlying parts of
Tps. 143-144 N., Rs. 79-80 W., andadjacent parts of
Burleigh County. It has been mined on a fairly large
scale in the past, but present production is small.

Reserves and production. --Reserves of lignite
in McLean County by townships are given in table 25,
and summarized below:
Estimated original reserves of lignite in Mclean
County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

24-5 262 1,079 7,927 9,268
5-10 306 1,206 4,433 5,945
10+ 32 379 854 1,265
Total 600 2,664 13,214 16,478

Estimated reserves in the Garrison Creek bed
(including lignite mapped as bed 1-A of the Fort
Berthold Reservation) are given in table 8.

.Of the approximately 70 mines that have been
listed in the State Coal Mine Inspectors’reports for
McLean County since mining began, only four now
remain active. Of this number, one is an underground
operation, the others, strip mines. A number of
small operations not listed include some in the res-
ervaticn that serve the local trade. The total re-
ported all-time production from the county has been
4,085, 929 tons, of which 1, 854, 094 tons has been
removed during the years 1941-50. Mines reported
as operating in 1950 follow:

Operating mines in Mclean County in 1950

Name of mine Location Type Bed

sec. T. R.
Burns & 30 148N 85W Strip-Garrison Creek.
Wretling.
Truax-Traer 19 148N 83W.--do-- Do.
(Custer).

Underwood 23 146N 82W --do--Stanton.
Coal Co.
Pfister----- 11 144N 83W Slope- Do.

Burleigh County

Geography and geology. --Burleigh County is
south of Sheridan County and is bounded on the south
by Emmons County, and on the west by McLean, Oliver,
and Morton Counties. The population in 1950 was
25, 252 of which number 18, 544 lived in Bismarck,
the State capital. The main line of the Northern Pacific

road that serves the lignite-bearing area in the north-
western corner of the county. (See fig. 10.)

The surface of the county is rolling, but in the
western part it is deeply incised by the valleys of
the Missouri River and its tributaries. The elevations
range from about 1, 650 feet on the Missouri River
flats to about 2, 200 feet on the upland surface. The
lignite beds are restricted to about eight townships
in the northwestern part of the county, where the
Tongue River member of the Fort Union formation
is the bedrock.

Lignite beds. --Two beds of lignite are known to
underlie the northwestern part of Burleigh County.
The lower or Fairman bed crops out in T. 143 N.,
R. 81 W., where it measures 6 to 9 feet in thickness
and has been mined at a number of places. Apparently
it stands at about 1,830 feet above sea level. In some
mines the bed is as much as 8 feet thick; in the aban-
doned Fairman mine in sec. 27, T. 143 N., R. 81 W.,
the lignite is 7.0 feet thick and contains two prominent
clay partings 3 to 6 inches thick.

The Wilton bed underlies parts of three town-
ships at elevations of about 1, 900 to 2,000 feet. It
attains a thickness of 11 feet east of Wilton and crops
out over limited areas near that town. Relatively
large areas of this bed are overlain by 50 to 100 feet

. of overburden, and the bed has been mined on a large

scale in the Wilton district.

Reserves and production, --The lignite reserves
of Burleigh County are summarized below:

Estimated original reserves of lignite in
Burlelgh County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

215 — -— 4y 4y
5-10 6 90 866 962
10+ 36 76 39 151
Total 42 166 949 1,157

Reserves inthe Fairmanbedare given separately
in table 9.

Of the 40 mines listed in the reports of the State
Coal Mine Inspector in the area east of Wilton, only
two were active in 1950. A large development in the
past is shown by the all-time production of 9, 305, 218
tons through 1950; but in the years 1941-50 production
has declined, being reported as 1, 667, 134 tons for the
10-year period but only slightly more than 17,000 tons
in 1950.

Mines operating in Burleigh County in 1950 were:

Operating mines in Burleigh County in 1950

Name of mine Location Type Bed

sec. T. R.

Ecklund Taplin-- 7
Engstrom-------- 15

142N 79W Strip- Wilton.

Railway passes through Bismarck, as does a line of
142N 79W Slope- Wilton(?)

the Minneapolis, St. Paul & Sault Ste. Marie Rail-

25.



Table

8.--Estimated original reserves of lignite 1n Garrison Creek bed, McLean County, North Dakota

(in millions of short tons)

Measured reserves

Indicated reserves

Inferred reserves

Total
Average A Aver.
Location ﬁhi:k;gss Acres Reserves th::;:E:s Acres Reserves tnickgsgs Acres Reserves reserves
T.150N., R.78W. 3.0 227 1.19 3.0 1,147 6.02 3.0 1,361 7.19 1.36
T.150N., R.79M. 3.5 1,759 10.77 .5 4,635 uo.gﬁ 35 12:935 79.47 130.82
T.,150N., R,80W. “ee ees R .5 462 3. .0 22,560 187.071 190.71
T.150N., R.81W. aes e . ... s e 6.0 23,022 203.21 203.21
T,150N., R.82w. ves cee . 7.5 96 1.26 3.5 22,926 042 141.68
T.150N., R.83W. ves eee . . vee es 3.2 23,040 129,04 129,02
T.1508., R.8[W. ves .. . e vee 3,0 23,040 124,99 124.99
T.150N., R.85W. e e e Ve 2.8 23,000 116.93 116.93
T.150N,, R.86W. aee e ces .. e 2. 23,040 112.90 112.20
T,150N., R.87W. eee . vee . cer 2.7 9,065 42.8 [N
T.150N., R.88W. e . . . ver 2.; 23,040 108.85 108.8
T.150N., R.8gwW, . iee .. . . ves 2. 7,922 32.87 32.82 .
T.1508., R.90W. eee ce- . . .. cee 2.8 3,16} 15.43 1s5.42
T,149N., R.79¥ . . . .. . eee 2.8 23,040 112.99 112.90
T.149N. ) R. 80w, . " . " . JODE B! 23?&0 120.94  120.9
T.149N., R.81¥W, .ee es “es . ‘. es 3.5 23,040 1.1 - 41,12
T.149N., R.8 aed cee .. vee . ee 3.5 23,040 141,14 Un.i2
T.149N,, R.83W. e " cee e .es 3.5 23,040 U113 141,12
T.149N., R.8Lw, ces vee e 3.5 u.ﬁ6 3.5 22,117 135,47 %32.83
T.149N., R.85W. 3,5 85l 5.23 3.5 33,6 3.5 16,865, 103, 30 .
T.1497%., R.86W. e v een e .es 3.0 23,040 120.96( 120.9
T.19x8,, R.B7W. vee .. . vee 3.0 23,040 120. 120.
T,149N., R.88w, . . . es . z.g 23,040 108.86 108.86
T.149N,, R.89W. . . ves . 2. 13,744 62,53 62.53
T.149N,, R.90W. . . . 2.8 3,833 18.78  18.78
T.148N., R.79W. . . . ... . cee 2.7 10,073 7.59 7.59
T.148N., R.8OW. i o - . . . 2.8 23,040 1&2.90 1??.90
T.148N., R.81W, ces v .. vee .. “er 2.8 23,040 112.9¢9 112,90
T.148N., R.82w. .. ven ... ., .. vee 3.0 2g,oho 120.94 120.96
T.148N., R.83W. 4.6 ,351 25.72 .6 8,410 52,31 3.5 ,208 88'02 116.05
T.148N., R.8LW. L7 »150 ue.gz 4.8 3,281 22,0 3.5 9,906 0,67 131.39
T.148N., R.BoW.. i.o 5,451 L2, g .0 12,577 79.37 3.5 3,351 20.53 2,53
T.1,8N., R.86W. .g 5,26l %E.é N ,218 50.61 3.5 ’ 37.63 121.90
T,18N., R.87W. k. 3,954 .60 3.5 12,968 79.43 3.5 ly,6L2 28.43] 132.%6
g.itgg., g.gs&. 3 & e ﬁ.g %23 ;.01 3.0 zz,gzg iig'oﬁ 1§£.Bg
. ., R.89W, .0 1 0.27 . 2,857 15,57 3.0 22,67 . 134.
T.148N., R.90%. 2.8 103 0.50 2.8 *507 2.39 2.8 1,112 2.92 9.91
T.147N., R, 79W. vee vee ees vee ves . 2.6 08 1.40 1.40
T.178., R.8OW. o .. . o o . 2.7 1,612 69.%& 60.%&
T.147N., R.81w. e e . . e . 2.8 23,040 112,900 112.90
T.147N., R.82W, .es cee eee cee aee .ee 3.0 23,0%0 120.96( 120.96
T.147R., R.gﬁw. u.% 3,70l 24.,8 h.5 9,476 60.61 3.5 7,88l 48.29 133.38
g.%ﬁgg., g.asg. 4.5 2,327 23.8% 4.5 2,819 17.24 3.5 71 0.4 3;.;§
T.1,7N., R.86V. E:s 2,787 20.99 I8 3,768 2.8 O e O TN
T.47N., R.87W, 5.0 937 ‘7.32 5.0 7,543 25.3 h.0 1,380 2.66 72,
T.147N., R.88W, 6.0 2.56 5.0 ,211 .1 k.0 10,953 76.671 103.39
T.147N., R.8GW, ﬁ.o 1,67 .12 5.0 5231 31,25 Lo 1,079 7.55 52,92
T.147N., R.9OW. .0 7 0,54 ves aee ver cen ees ves 0.
T.146N., R.81W, v .o . . ves 2.7 963 23.49 23.45
T.16N., R.82W. . . .. e 2.7 115:2;61 5B.98)  ©8.48
T.146N,, R.83W, ver ees ves 2.8 58 0.28 2.8 17,565 86,07, 86,35
T.146N., R.8LwW. 3.5 8h1 5.15 3.5 20,621 126.30 3.5 1,233 7.55 139,00
Total 40,498 290.92 115,243 732.20 730,184 | 4,077.44] 5,100.56
Table 9,..-.Estimated driginal reserves of lignite in Fairman bed, Burleigh County, North Dakota
(in milllions of short tons)
Measured reserves Indicated reserves Inferred reserves
* Averagse Average Average Total
Location thickness| Acres | Reserves {thickness Acres | Reserves [thickness Acres |Reserves reserves
TLALLK,, R.TOW, ves ves “ee . .. [ 6.5 12,983 156,431  156.43
T.143N., R.79W, oo . . . . . 6.5 18,298 208.14 208.14
T.1l2N., R.79W. weo ces v JON ae e 6.5 693 167.13] 167.13
T.1i2N., R.GOW. 6.5 | gﬁz 2.87 6.5 Lbi2 6l 18 6.5 i&:7gs 13337 200.?2
T.12N., R.B1W, 6.5 5 2.79 6.5 2,250 25,68 6.5 1,113 17.66] 46,13
Total 497 .66 7,892 89.86 58,812 682,731 778.25
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Mercer County

Geography and geology. --Mercer County is in
the east-central part of the lignite-bearing area of
North Dakota, west and south of the Missouri River..
The population in 1950 was 8, 686, and about one-third
lived in the principal towns: Stanton, the county seat;
Beulah; Golden Valley; Hazen; and Zap. The principal-
industries are wheat growing and lignite mining. The
county has adequate rail transportation over a branch
line of the Northern Pacific Railway. (See fig. 11.)
The Fort Berthold Indian Reservation extends a short
distance into the northwestern corner of the county.

The surface is generally rolling except in the
valleys of the Missouri and Knife Rivers and their
principal tributaries. Elevations range from about
1, 680 feet in the Missouri River valley to about 2, 200
feet on the upland surface. The exposed rock in most
of the county is the Tongue River member of the Fort
Union formation of Paleocene age; however, the Golden
Valley formation of Eocene age (Benson and Laird,
1947, p. 1166) is exposed in the western part of the
county.

Lignite beds. ~-As the lignite beds in Mercer
County were not mapped at the same time, most of
them are known by different names in different areas.
In the discussion below, the basic nomenclature is that
used in the Fort Berthold Indian Reservation south and
west of the Missouri River (Bauer and Herald, 1921),
but as far as possible beds have been correlated through-
out the county and the names used in other sections are
given.

The lowest bed cropping out in Mercer County
is bed A, known in the eastern part of the county as the
Wolf Creek bed. This bed is 4.1 to 9.0 feet thick, the
latter figure measured in a well in Sec. 19, T. 146 N.,
R. 87W. InT 145 N., R. 86 W., the bed contains
partings 4 feet thick. In the eastern part of the Fort
Berthold Reservation, bed A is slightly above the water
level of the Missouri River, at altitudes of 1, 680 to
1, 700 feet, and is believed to underlie most of Mercer
County at minable thickness. Bed A is not exposed in
the northwest part of the county. ~

Bed B, or the Garrison Creek bed (Andrews, 1939)
is exposed in the northern and southeastern parts of the
county, its thickness ranging from 2. 7 to 8. 4 feet.
Apparently this bed thickens westward from its outcrop
in T. 147 N., Rs. 84-85 W. The Garrison Creek bed
is also believed to be equivalent to the Coal Creek bed
which crops out in the southeastern part of the county
near Stanton. The Coal Creek bed ranges in thickness

from less than 2.5 feet to more than 3.4 feet in T. 145 N.

R. 85 W.

Bed CC, which reaches a maximum thickness cf
6.5 feet in the Fort Berthold Reservation, is known by
the Northern Pacific Railway Co. (1923) as bed C and
in the eastern part of the county as the Kruckenberg bed
(Benson, 1951). InT. 146 N., R. 85 W., the bed prob-
ably averages less than 2 1/2 feet thick, but along a
line extending from the mouth of the Knife River to the
Fort Berthold Reservation it is relatively thick, thin-
ning from that area to both the northeast and the south-
west. Near the mouth of the Knife River a bed known
as the Stanton bed crops out at approximately the bed C
or Kruckenberg horizon and probably may be correlated
with that bed.

)
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Bed CC is also correlated with bed 1-A (Bauer
and Herald, 1921, p. 127) north of the Missouri River.

Bed DD of the Fort Berthold Reservation is
possibly equivalent to the Spaer, Hazen A, and other
local beds of the Knife River area. It is 6.7 feet thick
at one place in the southeastern part of the Reservation
and about 10 feet thick at one locality in T. 145 N.,

R. 85 W. (N. P. Ry. Co., 1923). It probably thins
generally south and southwest frorh the Missouri River
valley. In the area around the town of Hazen, the bed
is generally thin and at many places such as Tps. 142-
143 N., Rs. 88-89 W., it is less than 2 1/2 feet thick.

Bed EE, best known as the Beulah-Zap bed, under-
lies a large area in Mercer County, where it is the key
bed from which the stratigraphic positions of other
lignite beds are determined. It reaches its maximum
thickness in a north-south strip running through Tps. 142-
146 N., Rs. 87-88 W., the greatest measured thickness
being 22 feet in sec. 18, T. 145 N., R. 87 W. From
this area the bed thins rather uniformly to the east,
west, and south. In a few areas in Tps. 142-143 N,,

R. 90 W., and throughout T. 141 N., R. 90 W., itis
probably of less than minable thickness. However,
farther to the west in Dunn and McKenzie Counties the
bed thickens to more than 5 feet.

Bed F of the Fort Berthold area is probably equiv-
alent to the School House bed of Benson (1951)
in the western and southern parts of the county. The
maximum known thickness of the bed is 6 feet in sec.
25, T. 144 N., R. 90 W.; it thins in all directions from
that area. In the Fort Berthold Reservation the bed
is about 3 1/2 feet thick.

Bed G, or the Twin Buttes bed, crops out in the
drainage divides in the western part of the county. It
reaches a maximum thickness of about 5 feet inT. 143 N,
R. 90 W., and in scattered localities north and south
of that area.

The lignite beds in Mercer County through bed G
are in the Tongue River member of the Fort Union
formation. The next succeeding beds, H and I, are
in the Golden Valley formation, and are confined to
the high land in the western part of the county. Bed H
or the Alamo Bluff bed of Benson (1951) reachesa
maximum thickness of 10. 1 feet in Tps. 143-144 N.,
R. 90 W. (N. P. Ry. Co., 1923). The bed crops out
in the Fort Berthold Reservation, but in that area it
is thin and the lignite is of poor quality.

Bed I occurs in isolated erosional remnants in
western Mercer and eastern Dunn Counties; it is also
known as the Schafner bed. It contains only small
reserves.

Beds J, K, L, and O crop out over small areas
in extreme southern Mercer County and cannot be
correlated with beds in the northern part of the county
from data at present available. It is believed that these
beds are in the Tongue River member of the Fort Union
formation. Bed J ranges from 3.9 to 9. 4 feet thick and
is mostly in T. T41 N., R. 88 W. The other beds are
thinner and of little economic importance.

Reserves and production, --The reserves
of lignite in Mercer County are estimated at




29, 912 million tons. Estimates by townships are given
in table 25 and are summarized below.

Estimated original reserves of lignite in

Mercer County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

2.5 248 1,741 13,739 15,728
5-10 426 2,056 5,683 8,165
, 10+ 650 1,622 3,747 6,019

Total 1,324 5,419 23,169 29,912

The estimated original reserves of the Beulah-
Zap bed, which contains the largest reserves in the
county and in which most of the present-day mining
is concentrated, are given in table 10.

Reported production of lignite in Mercer County
from the beginning of mining through December 31,
1950 is 17, 630, 902 tons, of which 9, 034, 153 tons was
produced from 1941 to 1950. For the years 1947-50
production has averaged more than a million tons
annually and the county produces more lignite by far
than any other in the State, (See table 2.) Most of
the properties now being operated are strip mines,
although a moderate percentage of the production was
{rom the underground mine of the Knife River Coal
Company which recently began stripping operations.
Of the 92 mines that have been reported as operating
in Mercer County, the 13 that were active in 1950 are
listed below.

Mines operating in Mercer County in 1950

Name of mine Location Type Bed
gec. T. R.

Krause------- 30 146N 884 Strip--- Beulah-Zap,

Linke-em=-muo 8 146N 89W --do----- Do.

Walker----—-- 13 146N 89W --do----- Do.

Mittle- 31 145N 85W --do----- Coal Creek.
steadt.

Dakota Star-- 21 145N 86W ~-do----- Beulah-Zap,

Bauer's------ 26 145N 88W Slope-—- Do.

Moxley & 24 145N 88W --do----- Do.
Erickson.

Knife River 18 144N 87w Drift and Do.

Coal Co. Strip.
Beick--—=-—== 4 144N 884 Drift--- Do.
Dakota 24 144N 89W Strip--- Do.

Collieries.

Grishkowsky-- 11 143N 88W --do----- Do
Voegele~~—--- 18 141N 88W --do----- Do
Elder-------- 24 141N 89W --do----- Do

Oliver County

Geography and geology. --Oliver County is south
and east of Mercer County and west of the Missouri
River, in the east-central part of the lignite-bearing
area of North Dakota. The population in 1950 was
3,077; most of the people are supported by farms or
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ranches; only about 500 live in the towns. The county
is served by a branch line of the Northern Pacific
Railway paralleling the Missouri River.

Oliver County is part of the Missouri Plateau with
a gently rolling topography except in the eastern part,
which is deeply dissected by the Missouri River and its
tributaries. Altitudes range from about 1, 650 feet in
the valley of the Missouri River to about 2, 300 feet
in the western part of the county. The outcropping
rocks are mostly the Tongue River member of the
Fort Union formation, though the underlying Cannon-
ball formation is exposed in the Missouri River valley.
All of the lignite estimated is in the Tongue River mem-
ber.

Lignite beds. --Of the 15 lignite beds for which
reserves are estimated in Oliver County, ten are
comparatively extensive and seven are shown on the
map (fig. 11). The other five beds are local in nature
or are projected into Oliver County from adjacent Mercer
and Morton Counties. The bed designations are those
of the Northern Pacific Railway Co. (1923), which did
the only extensive mapping of lignite in the county.

The lowest important bed is bed B, which is
exposed in Tps. 142-143 N., R. 83 W., and reaches
its maximum measured thickness of 14 feet in sec. 24,
T. 143 N., R. 83 W. The bed probably underlies most
of the county at minable thickness, but thins toward the
west.

Bed C, equivalent to the Stanton bed of Mercer
County (Benson, 1951) is exposed in T. 143 N., Rs. 82,
83, and 87 W. In the last-named township the lignite
is more than 6 feet thick, but it thins locally in secs.
12-14, T. 143 N., R. 84 W.

Bed D crops out in the northeastern part of the
county in T. 143 N., Rs. 83-84 W., where it reaches
thicknesses of 6.0 to 7.5 feet. In the valley of Square
Butte Creek, southeast of Center, the lignite in this
bed is 11 feet thick, and its average thickness over its
outcrop area appears to be about 5 feet.

Bed E crops out over wide areas in Tps. 141-
143 N., Rs. 83-84 W., and T. 143 N., R. 87W. In
the southeastern part of the county the lignite is 5 feet
or more thick, reachinga maximum of 12 feet in sec. 2,
T. 141 N., R. 84 W. The bed thins generally in the
central portion of the county but thickens westward; from
measurements in Mercer County it is believed that it
may be as much as 14 feet thick in the western half
of Tps. 141-142 N., R. 87 W.

Little is known of bed F, which possibly underlies
the western half of the county. It is probably thin
throughout most of its extent.

Bed G crops out in the valley of Otter Creek in
Tps. 141-143 N., Rs. 86-87 W., where it is as much
as 7.2 feet thick (N. P. Ry. Co., 1923). The bed
probably averages about 5 feet in thickness over a
considerable area in the central part of the county.

Outcrops of bed H have been mapped in T. 143 N.,
R. 86 W., where it reaches a maximum thickness of
7 feet; most of the measured sections, however, are
less than 5 feet thick, and the bed probably averages
about 4 feet.
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Table 10.--Estimated original reserves of lignite in Beuleh-Zsp bed (bed E), Mercer County, North Dakote

(in millions of short tons)

Measured reserves Indicated reserves Inferred reserves
Total
& & A

Location tu;:;:g:a Acres |[Reserves w:::;:f:-‘ Acres |Reserves th;:l::f:s Acres [Reserves | FoSeTVes
T.147N., R.85W. 4.0 1,932 13.52 %;.52
T.147H., R. 5.3 1,408 13. 5.3 2 20.1,8 ces bes e .32
'l‘.:lllltﬂl., R.9OM 33 | 1388 9.% 3.0 &% us.lfe 3.0 2,692 wis| 4
T.146N., R.85W. I 5.5 01 135,00 | 135.00
T.&él!., R.60W. 9.0 596 9.26 1.E 53 67.40 78 %:Zzz 195.30 3%
T.1L6N. , R.ng. 5.2 1,408 17.46 8. 57 190.07 1.3 3,668 .30 | 301.83
MRS | WMl N0 | | RS M| s | | en| BER
T, 146K, R.9OW. - N nd E:s gl W 5| 227188 175171 161.88
T.14SN., R.B5W. . 6.0 1,8, 19.60 | 19.60
[T Ao 9.8 12,73 9.8 ,932 | 121.89 9.8 5:1315 0 | 20.68
T.145N. , n.sgn. 19.0 3,360 {111.72 19.0 ,loz 269.6: 19.0 66 2,19 383.53
T.145N., R.88W. 1.8 1,238 28.59 12,2 11,07 213.18 10.5 6,032 95‘52 g%o.:
T.145K,, R.89m, 7.5 130 .71 7.5 ,686 13,38 6.1 19,046 236.7 1,85
T.1l5N., R.QOW, 5.1 13 0.12 4.8 23,0 189,15 | 189.27
T 1N, R.85W, . cee . e .. .. .0 6,360 152 .52
TN R oon i lé.: 3:123 gf.gs léljt.qe
44N, R.O7W, 12.3 1,848 53.10 12,3 hzl 12,43 .0 1 1.55| 67.08
;.mhn., g.ggg. R gg E,og‘(: 22§§§ ?; lg.ﬁzg &g;g 335
.4 RIOW. 5.5 2:%10 27,08 S5 | 13,021 | 125.33 g2 2,170 26.52| 178.90
T.1438., R.88W, 9.8 2,123 .86 11.8 8,7 .69 16.0 3,642 101.98 | 400.53
'1‘.1”).:3!.: R. 8GN, 7.5 2:&,2 35,3 9.2 gkg‘% %geu &4 . l1‘51;.1@
.13, , R.9O%. L.3 1,31 7.02 b3 1922 52.35 4.3 9,596 63.07 | 1224
T,142N,, R,86W. 12,0 688 .45 12.0 5,58 117. .8 1 283,32 .10
T.ﬁzn.. R.89W. 5.5 2,53 2 .%2 10.0 108 | I 3 1000 :i‘% 82,51 %% .81
T.142N., R.QOW, 3.0 4,978 26.13 3.0 8,738 5.87 .. 72.00
T.141N., R.88%. . 6.0 77, 32.13 6.0 19,329 17h.5 | 206.6
T.1418., R, 89%, 3.8 1,081 7.86 .0 832 6.73 Te 0,09 ] 104.
r.iﬂ1n.: FR 2.7 1.58 39 1%:232 15:53 i 2,332 10,61 ?%.69
Total 43,334 | 850.69 169,443 p,325.99 190,005 | 2,125.79 |5,302.47

Bed I crops out in the upper part of the Otter
Creek valley and underlies the higher land in the
central and southwestern parts of the county. The
maximum thickness of the bed, about 10 feet, is
measured in sec, 35, T. 141 N., R. 86 W.; the aver-
age over 'the outcrop area is about 4 to 5 feet.

Bed J crops out in a. small area in the south-
western corner and in a narrow belt in the south-
central part of the county. It appears to be thin, of
an average thickness of 2. 5 to 3.0 feet.

Bed K crops out in Tps. 142-143 N., R. 85 W.,
in the highest part of the divide between Otter Creek
and Square Butte Creek. Its greatest known thickness
is 8 feet, its average about 4 feet.

Beds L, M, N, and O are believed to underlie
small areas in Oliver County, as they crop out in
adjacent Morton and Mercer Counties near the bound-
ary lines.

Reserves and producticon. --The reserves of

lignite In Oliver County are estimated at 17, 838 million

tons, as summarized below.
ships are given in table 25,

The estimates by town-

Estimated original reserves of lignite in
Oliver County
(in millions of short tonms)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

245 139 1,348 11,857 13,344
5-10 206 1,257 2,121 3,584
10+ 52 407 451 910
Total 297 3,012 14,429 17,838

Estimated reserves of bed E, the most wide-
spread bed in the county, are given in table 11,

Total all-time production of lignite in Oliver
County through Dec. 31, 1950, is 321, 1568 tons, of
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which 115, 954 tons was mined in the years 1941-50.
Most of the production has been from beds D and E.
In 1950 six mines were active, producing 7,938 tons.
These mines are listed below:

Mines operating in Oliver County in 1950

Name of mine TLocation Type Bed .
sec. T. R.
Hagel-------- 2 141N  82W Strip-- E?
Kuether------ 23 141N 84W --do---- E
Light--—=--=- 22 142N  84W --do---- E
Schenk------~ 25 142N B4W --do---- E
Schmidt------ 13 143N B4W --do---- A
Yaeger-——---- 21 143N  B4W --do---- B
Dunn County

Geography and geology. --Dunn County is in the
approximate center of the lignite-bearing portion of
North Dakota, south of the Missouri River and west of
Mercer County. The population in 1950 was 7, 212;
most of the people are supported by small-grain farming
and cattle grazing. The principal towns are Killdeer,
Dunn Center, Werner, and Halliday, none of which has
as many as 1,000 inhabitants, and all of which are on a
branch line of the Northern Pacific Railway which ter-
minates at Killdeer.

Most of Dunn County is about 2, 300 to 2, 500 feet
above sea level.  The surface is gently rolling except
where the Missouri and Little Missouri Rivers have
cut valleys as much as 500 to 600 feet below the upland
level.
sea level over 5 or 6 square miles in the western part
of the county.

The northern part of Dunn County is part of the
Fort Berthold Indian Reservation, which also includes
parts of Mercer, McLean, Mountrail, and McKenzie
Counties.

Most of the exposed bedrock is in the Tongue
River member of the Fort Union formation, but the

The Killdeer Mountains are about 3, 100 feet above



Table 11

original

of lignite in bed E, Oliver County, North Dakota

(in millions of short tons)

Indi reserves Inferred reserves

Total

Location Avarage Average Average reserves
thickness Acres Reserves| thickness Acres |Reserves |thickness Acres Reserves

g.ﬁﬁg., g.ga. I i o ﬁ.s e,?gﬁ ;g.gq ;ggg

LLi3N., R.83W. .. .0 7! X .0 . X .
T.143%., R.849. 4.0 254 1.79 .o 3357 23.50 L.o j%,-m 26.58 51.87
g.ﬂg{;., :.gz:. 3k Py b 3% e rli g; 3’235 12;.22 127.89
TI138.; RIG7Y. 53 1,1%42 351 B2 2305 | Bk 3] 219 Bis T
2.2\, , R, 824, 3.5 L6 .5 8,541 52,31 | 55.77
T.h2N., n.gﬂw. 5.5 2,240 22,22 7.0 10,53 92.%3 E.s 4,1 32.!29 150.95
T.1428., R.84¥. 8.0 1,399 21.53 7.0 Uy, 894 | 2i1. E.s 1,892 18.83 [ 282,02
e || | s 0| ol | a8 | 5| ER| uE| B
T.228], R.8TW. 5o 210 e io 126 | 28.88 7.8 18,553 | 183012 | 18347
%ﬁ}:' g.gz:. [ 2,162 12,61 i 10,499 66.61 38 5123 Kﬁ? Bo'gs

LALIN,, R.B3W. . 2,61 .1 0, .61 .0 . .
T.UK., R.84W, 1.5 2 uu 32,4 7.5 10,233 117,25 );.o 6,419 .92 l9ﬁ~6
T.141N,, R.85W. .0 23,040 120, 120.96
T.141N., R.86W. 2.7 23,040 | 108.86 | 108.86
T.11N,, R.87 3.0 23,040 120.96 120.96
Total 11,178 108.72 76,817 718,64 200,328 [1,207.98 {2,035.34

Golden Valley formation is exposed in some of the
buttes, and the Killdeer Mountains are capped by rocks
of the White River formation. Most of the minable
lignite is in the Tongue River member, the remainder
in the Golden Valley formation. Remnants of till, which
exist at most places as conspicuous boulders, cover
much of the county.

Lignite beds. --The lignite reserves of Dunn
County are contained in 14 extensive beds and 10 local
beds. The nomenclature is that of Bauer and Herald,
who mapped the Fort Berthold Reservation in 1921,
and of Gilles, who mapped for the Northern Pacific
Railway Co. (1923). Except for the doubling of some
of the letters in the Fort Berthold Reservation, and
the carrying over of a few bed names from Mercer
County into the southeastern part of Dunn County, the
same bed designations are used throughout. The out-
crops of the more extensive beds are shown in figure
12, which covers the entire county, and in figures 13
and 14, which show in detail beds in parts of the Fort
Berthold Indian Reservation., A number of local beds,
designated by letters and numbers, have not been fitted
into the stratigraphic sequence and are not shown on
the maps.

The lowest bed for which reserves are estimated
in Dunn County is bed A, which is inferred from data
projected from McKenzie and Mercer Counties, where
its average thickness over large areas is about 8 feet.

It is probably present under a large part of Dunn County.
The same is true of beds B, C, and D, which have been
identified in McKenzie County on the west and Mercer
County on the east.

Bed E or EE is correlated with the Beulah-Zap
bed of Mercer and southeastern Dunn Counties. It
crops out along both banks of the Little Missouri River,
where 14 feet of lignite are reported in secs. 3 and 4,
T, 147 N., R. 95 W. To the north, in the valley of
the Missouri River, the bed thins to about: 5 feet at
outcrops in Tps. 149-150 N., Rs. 92-93 W. InT. 142 N.,
Rs. 91-92 W., in the east-central part of the county,
it has a maximum thickness of 11 feet and averages
about 7 feet. The bed is free from partings and is
believed to be of minable thickness under most of
Dunn County; the only known area of thin coal is in
secs, 1-3, T. 149 N., R. 93 W.

Bed F crops out in the valleys of the Missouri
and Knife Rivers and of Spring Creek. The thickest
known exposure is 6 feet, in sec. 9, T. 142 N., R. 93 W,
The average thickness in the northern part of the
county is about 3. 5 feet. Although bed F nowhere attains
great thickness, it appears to be uniform and continuous
over large areas.
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Bed G, or GG, crops out in the valleys of the
Missouri and Knife Rivers and of Spring Creek. The
bed is thin in the northern part of the county where
the maximum known thickness is 3. 2 feet in sec. 6,
T. 149 N., R. 91 W. In the valley of Spring Creek-
(see fig. 12) it is 5, 3 feet thick in sec. 28, T. 145 N.,
R. 93 W. It thins locally in T. 147 N., Rs. 91-93 W.,
but is 12 feet thick in the Knife River area in sec. 33,
T. 143 N., R. 93 W., and east of that locality apparently
is about 9 feet thick for several miles.

Bed H, or HH, crops out in the valley of the
Little MlSSOU_I‘l River, where it is 2.5 to 6. 5 feet thick.
In the southern part of the county, in Tps. 141-142 N.,
Rs. 93-94 W., it is 5 to 8 feet thick. The bed thins
toward the north and west, and in T, 141 N., R. 96 W.,
the thickness range is 1.5 to 4.5 feet.

Bed I, or II, crops out in the Fort Berthold Res-
ervation in the northern part of the county and in the
south-central and southwestern parts, where it is
known locally as the Dunn Center bed. Over most of
its outcrop area the bed is 3 to 5 feet thick; in T, 147 N.,
R. 94 W., however, the range is 8 to 13 feet, East
of Dunn Center in secs. 27-30, T. 145N,, R. 93 W.,
the bed is 14 to 23 feet thick. At the only active mine
in the bed in this area, in sec. 30, 12 feet of clean
coal is overlain by only 16 feet of cover.  In south-
western Dunn County in T. 141 N., Rs. 92-93 W.,
the bed is b to 7 feet thick. Generally speaking, it
thins north and south from the Dunn Center area.

Bed J crops out in Tps. 141-142 N., R, 94 W.,
inT, 145N., R. 94 W., and in T. 147 N., Rs. 93-94 W,
It ranges from 4. 2 feet to 5.0 feet in thickness and
probably underlies the western and central portions of
the county.

Bed X probably underlies only the drainage divide
areas. ItS greatest measured thickness is 12 feet in
sec. 1, T. 14bN., R. 94 W. In the valley of the Little
Missouri River, in Tps. 146-149 N., Rs. 92-93 W.,
the maximum thickness of the bed is 4.9 feet.

Bed L, estimated from a few scattered mines and
measured sections in the western part of the county,
ranges from 2, 5 to 6, 8 feet in thickness, with an average
of about 4 feet.

Bed M averages about 3. 0 to 3. 5 feet in thickness
in a series of outliers in Tps. 144-149 N., Rs. 92-93 W.
‘Southwest of Emerson, in Tps. 142-143 N., Rs. 96-97W.,
the bed is 5.5 to 12.0 feet thick. It probably underlies
the southwestern part of the county.
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Figure 12. --Lignite outcrops in Dunn County and part of McKenzie County, North Dakota.
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BedNcropsoutinT. 147N., R. 97W., whereit
is 4to 6 feet thick, and probably underlies the west-central
portionofthe county. Itthinstothesouth andinT. 143N.,
R. 96 W., isonly 3, 0to 3. 2{eet thick.

Bed Qoccurs inthe same general areasasbedN,
and is from 2. 5 to 8.0 feet thick.

The highest beds in Dunn County, beds P, Q, R, and
S, cropoutinalowbuttein T. 143N., R. 97 W The
average thickness of thegroupis 2. 8 to 3. 5feet, and the
area of occurrence is small.

Local beds are designated beds A-1, B-1, D-1,
E-1, and G-1. Bed A-1 crops out in Tps. lT_' 14'3’N
R 96 W., where itis 5to 10 feet thick, probably a.veragmg
7feet. Bed B-1, exposed in Tps. 14'7 148N., R. 94 W.,
averagesabout 2 7feet inthickness. BedD- 1 inparts
of T.142 N., Rs. 96-97W., hasanaveragein thlckness
of 6. b feet, Croppmg outin the samegeneralareaas
bedD-1isbed E-1, about 3feet thick, Theaveragethickness
ofbedG-1, whichcrops out in thenorthernhalf of T, 142N, ,
R. 97W., is 2.8 feet.

Inthe extreme southeastern corner of the county, in
Tps. 141-143N,, R, 91 W., the Beulah-Zap, School House,
Twin Buttes, Schafner, and Alamo Bluff beds are mapped
under the names by which they are known in adjacent Mercer
County.

Reservesand production. —The lignite reserves of
Dunn Countyare estimated at 71, 042 milliontons. The
figures by townships are givenintable 25, andare sum-
marized below:

Estimated original reserves of lignite in
Dunn County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

215 772 3,255 60,000 64,027
5-10 304 1,575 3,377 5,256
10+ 194 919 646 1,759
Total 1,270 5,749 64,023 71,042

The estimated reserves of the Dunn Center bed and
ofbed Earegivenintables 12and 13, respectively.

Theall-time reported production of lignite in Dunn
County, throughDecember 31, 1950, is 278, 851 tons, of
which 69, 843 tons wasmined inthe years 1941-50. Recent
production hasbeen sporadic, ranging from 25, 000 tons
in 1922t0 3,000 tons in 1937. (Seetable 2.) Morethan
70 mines have been opened in Dunn County since 1920,
but only five, three of whichwere new operations, were
active in 1950. Practicallyall the county'sproduction
hasbeen from strip mines. Those operating in 1950 follow:

Mines operating in Dunn County in 1950

Name of mine Location

sec. T. R. Type Bed
Pelton--——cme—cecoean 30 145N 93W Strip- 21
Sampson-=m-mem——ama- 34 144N O6W --do-- L
Schollmeyer--------- 1. 144N 95W --do-- K
Skalsky--==--m==—r-- 11 144N 92W --do-- H
Semerad-----——--—-=- 29 143N 96W --do-- M

& Dunn Center.

%

McKenzie County

Geography and geology. --McKenzie County is
in the western part of North Dakota, south\of the
Missouri River and between Dunn County on the east
and the State of Montana on the west. The county
population in 1950 was 6, 840; most of the people are
engaged in farming and cattle raising. The largest
town is Watford City, the county seat, which had a
population in 1950 of 1, 370 and is the terminus of the
branch line of the Great Northern Railway that passes
through the towns of Charbonneau, Arnegard, and
Cartwright.

The county is in the Missouri Plateau, and the
upland surface is deeply dissected by the Missouri,
Yellowstone, and Little Missouri Rivers. These rivers
have cut wide valleys which, particularly along the
Little Missouri, are bordered by belts of badland topog-
raphy extending 2 to 3 miles on each side of the stream.
Altitudes range from about 1, 840 feet in the Missouri
River valley to about 2, 400 feet on the plateau and
2,600 feet in the Blue Buttes, a striking topographic
feature of the eastern part of the county.

The exposed bedrock is the Tongue River member
of the Fort Union formation except for some of the
higher buttes, which are capped by the Golden Valley
formation of Eocene age. In the northern part of the
county a thin cover of pre-Wisconsin drift remains
in some areas, but elsewhere it has been almost com-
pletely removed by erosion.

Lignite beds. --The eastern tier of townships in
the county (Lps. 149-154 N., R. 94 W.) is partly in
the Fort Berthold Indian Reservation, in which the
lignite beds were mapped by Bauer and Herald (1921).
The southern part of the county (Tps. 145-148 N.,

Rs. 98-105 W.) was mapped by the Northern Pacific
Railway Co. (1923). The remainder of the county has
not been mapped, and data for reserve calculations
are taken from mine informaticn and from sections

in the Bulletins of the North Dakota Geological Survey.
Because of the large unmapped area west of the Fort
Berthold Reservation in the northern part of the county
no attempt has been made to correlate the beds in one
area with those in the other. The beds, with their out~
crop areas, are listed in table 14, and are discussed
only briefly below, as most of the essential information
is embodied in the table.

Of the beds in the Fort Berthold Reservation
(fig. 12), beds A, B, and C appear to be relatively
extensive, Bed A is fairly uniform in its thickness
range of 5,7 to 10 feet, and contains only thin clay
partings. Bed B is vamable in thickness, the range
being 2.8 to 9. 5 feet; 3.3 feet are measured in T. 151N, s
R. 94 W., where the 11gn1te contains clay partings.
Bed C is also variable in thickness; in sec. 11, T. 150 N.
R. 94 W., it is split into three benches, each ot‘ which
is almost 4 feet thick, but in other localities in the
same general vicinity the lignite is largely replaced
by shale.

Bed D of the Fort Berthold Reservation is about
4 feet thick throughout most of its outcrop and usually
contains a thin parting of carbonaceous shale near the



Table 12.--Estimated original reserves of lignite in Dunn Center bed (bed I}, Dunn County, North Dakota
(in millions of snort tons)

Measured reserves Indicated reserves Inferred reserves
Total
Aversge Average Average

Location thickness Acres | Reserves th{ckngss Acres Reserves | thickness Acres Reserves reserves
T.140N., R.91W. 2.7 612 2.89 2.7 1,7 8,05 2.7 2,070 9,78 20.72
T.1i9N,, R.9Q2W, oes eee oo 2.8 2,22% 11.0% 2.8 650 3.19 .23
T.149N., R.93W. 3.0 877 .60 3.0 5,635 29.5 3.0 4,915 25,80 59.98
T.148N,, R.92W, 3.5 3,155 19. 3.5 3,288 20,1l ‘e ee cee 39.47
T.1488,, R.93W, 3.2 3,376 20.32 3.5 L, 350 26,67 3.5 1,559 9.25 52.28
T.148N., R.9Lw, 3.0 795 .17 3.0 13,79 72,112 3.0 1,021 73.61 150, 20
T.148N,, R.95W, 3.0 1,010 5,30 3.0 3,1l 16.50 3,0 11,043 57.98 79.78
T.1;8N., R.96W, e el vee .. eee .. 2.2 11,13 55,150 55,40
T.148N., R.Q7W, .. vee vee eee e . 2. 18,93 92,79 92.79
T.147N., R.91¥, 3,0 126 0.66 3.0 I, 026 21,1 3.0 7,01C 36.80 58,60
TN R.92W, 3.8 6,209 38,11 3.5 2,227 13,6l Sy e e 51.75
T.147N., R.93W, 3.5 4,733 28.99 5. 6,323 39.70 5.3 1,9hg 17.89 86.58
T.1;78., R.94w, 8.1 2,751 34.89 7. 4,979 57.20 7.8 1,23 16.43 108,52
T.17N., R.95W, vee eee ves 7.0 1,729 21,18 5.8 13,207 111.59 132.77
T.1478., R.96W. eee ven vee vee . ves 3.5 21,915 134.2 134, 2
T.147N,, R.97W. “ee aes vee aee e . 3.0 23,040 120.9 120,99
T.146N., R.Q1W, 5.2 373 2.38 5.2 6,512 47.3 5.2 15,6 3.50 143,21
T,146N., R.92W. 5.5 4,815 36,61 5,5 10,286 10%.22 7.5 5,75h 2.78 203.65
T.1468., R.93W, 3.5 183 1.12 5.5 2,543 28.16 10,0 19,8 281,77 311, 0
T.146N., R.9LW, 12,0 63 1,32 9.7 3,073 51.P2 9.0 2,02 27.52 0.1
T,146N,, R.Q5W, cee ves . 7.0 Lh2 5.0 5.8 23,076 227.28 232,69
T,146N., R.96W. oo vee . . ves .. 3.5 23,040 1.12 1.12
T.1L6N., R.G7W, ... cee oo ves . vee 3.0 23,040 | 120.96 120.96
T.Ui5N., R.91W, .es - ves 7.0 6 0.77 5.3 ,002 116,26 117.03
T.145N., R.92W. 7.5 6 0.08 10.0 1,18 16,78 10.0 ig,esa 187.06 203.92
T.145N., R.93%, 15.0 1,262 33.13 15.0 11,181 293.50 1.5 8,632 225, 8 552,52
T.1:59,, R.9lw. . .. ves 12,8 129 9.39 8.2 | 22,192 361, 5 370.97
T.1L5N. , R.9gw. . . . . 5.5 23,038 198,71 198,71
T.1458., R.96W, .es . . e 3.5 23,040 141,12 1,12
T,145%,, R.Q7W. . . 3.0 23,000 120.96 120.96
T LN, , R,9IW, . ves ves . ves s 3.0 8,272 13,17 «43.17
T.14N,, R,92W, 7.0 297 3.6 5.3 3,338 35,06 5.3 17,31 [ 107.09 145,79
TN, R.93W, aes ces ves 10,0 871 15,52 7.8 22,325 219,03 .F
T ULN,, R.OLW, . vee . 13.0 618 1. 06 ‘8.2 22,697 217.38 22 N
T.UN,, R.95W, . e cee .ee ves 8,5 23,038 16,2l 16,2
T, Ui, , R.96W, . e e 3.5 22,00 11,12 .12
T.14hN., R.97W. . . .. vee 2.8 23,040 112.90 112,90
T.1)30,, R.Q1W, . .e .e . P 2.8 14,39l 90.1 90,1
T,143¥,, R.J2V. . . . vee 3.0 18,217 95, 95.éﬁ
T,13%., R.Q3W, .. . .. ces 3.2 1,777 82,72 82.72
T,143N., R.OLW. iee cee . vee 3.1 9,907 155,13 155,13
T,13N., R.95W, .. cen 3.5 17,90l 109.46 109
T,1430,, R.96%, . .. . ves 3.0 23,040 126.96 120.96
7,130, , R.O7W, e eee 2.8 23,0010 112.90 112,90
T, 142N, , B.Q2%, Lo . L. .G 52 2.0l 3,5 I, 089 25,0 ?7.09
To1lon. ) RIG3W. P 8 0.8% Ba | 1008 | 10091 A 11333 773 s
T, 12N, , R.QW, . .. . . ves 3.3 17,712 91,47 91.);7
T,1,2N., R,95W, .en . . . . 2.8 22,0h0 112,90 112,90
T.1;24., R.96W, . . .. .. 2.8 23,010 112,90 112.90
T.12N,, R.9TYW. . . .. - 2.7 23,040 108.86 108,86
T.141N., R.9P%, ves ves vee .0 366 2.56 4.0 10,90l 76.33 78.89
Tihn. ) R.O3W, 6.0 5 7.82 &3 7,175 68.51 i 1,165 10.00 86.7
T.141N., R.O4W, . . N h.3 1,275 7.6 .3 20,628 113.10 120, 5!
T.141N., R.Q5W, ves e eee ves ves vee 2.9 17,788 90,27 90.27
T.141N., R.9bW, ven aes ves cee . 2.7 7,181 33,93 33,93
T.141N., R.97W. cee ver ees .o .o ves 2.7 Iy, 297 20.30 20.30
Total 31,476 246,35 104,553 [1,019.60 789,925 [5,647.49 | 6,943.4h
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Table 13.-.Estimated original reserves of lignite in Bed E, Dunn County, North Dakota

(in millions of short tons)

Measured reserves Indicated reserves Inferred reserves
Total

. Average A Average
Location thic;ngss Acres Reserves thzzigggs Acres Reserves thickngss Acres Reserves | Feserves
T,150N., R.91W, 2.8 225 1,15 vee ves vee “er eee o 1.15
T.150N., R.93W. 2.7 767 3.62 2.7 209 0.99 eee ves ves 4.61
T.149N., R.Q1W, 3.5 ,051 2. 81 3.5 14,530 .08 3.5 61 0.37} 119.26
T.149N., R.92W. 3.2 %,hOI 7.0 3.2 7,529 a%.83 - ... b .
T.149N., R.Q3W, 2.7 1,243 5.87 2.7 7,462 35,26 2.7 13,054 61,68 102.81
T,148N., R.91W, 3.0 2,130 11.18 3.0 3,633 19,07 ven ves eee 30.25
T.148N., R.92w, .6 3,303 23.27 .6 9,029 . 3.7 5,015 32,47 11'.g0
?.148N., R.93W, 3.5 31 NN 3.5 3,86 23.69 3. 18,500 113.31  139.6)
T.148N., R.94w, 7.0 25 0.31 7.0 1,68 20,65 5. 21,328 154,97 1g5.93
T,1,8N., R.95W E.e 8,051 8.55 E.S 5,351 L7.99 . 14,880 104.280 160.82
T N., R.Q6W, .0 32 0.22 .0 , 01l 7.10 .0 20.611 .28 151,60
T,148N., R.97% .es oes vee cee .es - 3.5 23,040 Uiy 1f1.12
T.147N., R.OLW, 2.6 1,908 8.68 2.6 7 43 2.6 10,949 49.821 102.93
T.147N. ) R.92W. .9 121 | 30053 3.8 3,76 2%.%6 .8 1,39 11.59]  109.6B
T.147N., R.93W, 5.2 3,385 27.0 5.4 13,840 100:19 %.o 2,511 17.5 .83
T.147N., R.94w. 8.8 2,225 32.70 7.3 10,962 1,0.99 .0 5,490 68.80] 242.49
;.iﬁgg., g.g . g.g 2,2;2 53.1 g.g ;,sgu 103.33 g.g 10,252 iig.gﬁ fgé' 0

. ., R.OBW, . .20 . 233 23. . 20,01 . .13
T.1478. ) R.G7W. o o . o ' . 3.5 | 23040 | h1i13 112
T.146M., R,91W e [ R . 3.5 23,040 ;1.1 a2
T.1L6N., R.9ZW. 8.6 e71 5.60 E'é i2s | h3l37 E.l 17,1160 37y 192.68
T.146N., R.93W, . .8 3,227 25,19 .8 19,128 135,871  161.06
T.146N., R.OLW, ves ces . cee oo . 5.8 23,039 19h.271 19k.27
T,146N., R.Q5W, ves cee vee . ﬁ.ﬁ 23,040 147.81 197.81
T.146N,, R.96W, cee . . . . .5 23,040 181,40 181,
T,146N,, R.Q7W eee . 3.5 23,040 U1.12]  141.12
T.145N8., R.91W, . . . . .5 23,040 1,12] 1.12
T 145N, R.92W. . . . . . ﬁ.o 23,3&0 161.28| 161.28
T.145N., R.93W, . wer . N . .. .5 23,040 141,12 1.12
T.145N., R.9Lw. . . . . ﬁ.o 23,040 161.28( 161.28
T,145N,, R.9SW, . . . . 3.5 23,040 141.12) 1.12
T.145N., R.96W, . . . . aee ees L.o 23,040 161.28| 161,28
T 145N, R.Q7W, . . . ces .. 3.0 23,040 120.96) 120.96
T.1N., R.91W. . . . .8 I,413 32.86 .0 18,583 130.08] 162.9
SRTHHIME WY - . . w3 .. %.5 23040 | 141.12 1u1.1g
TN, R.9ﬁw. vee .. een 3.2 23,040 129,02 129.02
T.UN., R.OLW, . . . : 3.0 23,040 120.96| 120.9
T.A4N., R.QSW, . .. .. 3.0 23,040 120.96] 120.9
T.144N., R.96W, . . .. . 3.0 23,040 120.96] 120.96
T UN,, R.OTW, . .. 3.0 23,040 120.96 120.96
T.143N., R.9L¥, 11.0 89 1.71 7.2 1,921 16.51 3.0 21,030 110.41] 128,63
T,143N,, R.92w, 9.3 120 2,08 5.7 l, 223 26.95 2.8 18,697 91.62] 120.65
T.143N., R.9iw. . ces ee ves . 3.0 | 23,040 120.96] 120.96
T.1}3N., R.94w, . ees . . ves 3.5 23,040 1,12 141.i12
g.iﬁgg.. ;.gzg. “es . oo . g.g 23,gﬁo 131.12 1&1.12

. «s R.OOW, cee . vee eer . 23,040 |- 1.1 1,12
T.1}3N., R.97W. o o . . 3.5 23,0h0 1,12l 1312
T.142N,, ‘R.91W, 8.82 6.8 032 21.74 2.8 1,7l 8.55] 39.11
T.1,2N. . R,92W. 17.96 5.8 %; 08 55,01 3.0 8:9%% 146.87 119. 8
T.142N., R.93W. .. eee 3.0 1,870 9.82 3.0 21,169 111,14 120.9
?,142N,, R.94W, . ves ves “es ver .5 23,040 11,12 1.12
T.142N., R.95%, . ves R ees . ﬁ.o 23,040 161.28] 161.28
T.142N,, R.96W, .. ves .es . vee cee h.0 23,040 161.28] 161.28
T.142N., R.97W. eee eee ves . “en eee 4.0 23,040 161.28| 161.28
T,141N., R.91W, | ces eee ves 2.5 1, 20] 5.27 2.5 5,668 .80 0.07
T.141N. ) R.92W. 20k o 2.6 | 15,39 &8 .8
T.1UIN., R.93W, eee .. . .0 15,360 ao.ég 80,6l
T.141¥., R.9Lw vee .. . . i.o 23,040 161, 2! 161.2
g.%hig., g.ggg. 1&’6 1 'éﬁ 1005 3 5%& 3'6' z.g ;g,gug 18&.17 18%.17

. ., R.96W. . . . .09 b. it 20l 295.07
T.141N., R.97W. 10.3 4,795 %31 6.0 w2 | 5% 6.0 I, 000 34.%% 270.82
Total 54,078 | 417.02 156.549 | 1,305.23 ,041,640 | 6,809.55[8,531.80
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Figure 15. --Lignite outcrops in McKenzie County and parts of Golden Valley and Billings Counties, North Dakota.
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top. Bed E, approximately 40 feet above bed D, is

6 feet thick in sec. 9, T. 1561 N., R. 94 W., but is
irregular in thickness, and a general thinning and
development of splits and bone partings is evident

in T. 150 N., R. 94 W. Leonard (Leonard and others,
1925, pp. 81, 104) recognized bed E as the Reservation
bed for a long distance in the Little Missouri River
valley. Bed F, though thin at most of its outcrops,
reaches 6.5 feet in thickness in sec, 36, T. 152 N.,

R. 95 W. Bed G is exposed in only a small area 1n
McKenzie County. In sec. 18, T. 151 N., R. 94 W.,

it contains about 3 feet of lignite with a 1-foot parting
near the base; its maximum known thickness is 6. 5 feet,
but the average is not more than 4 feet.

Bed H also crops out in sec., 18, T. 151 N,,
R. 94 W. 71t is thin, but apparently extensive, and
has been burned over much of its outcrop. Bed I
is thin, but is probably continuous over a modérate
area in the eastern part of McKenzie County. Beds
J, K, L, M, and O, although not known to appear at
the surface are consniered to underlie parts of the
county on the basis of outcrops in Dunn County. Bed
N is exposed south of the Little Missouri River in
T. 147 N., R. 98 W., where its greatest measured
thickness is 6. 3 feet, its minimum thickness 2. 7 feet,
and iss average thickness about 4 to 5 feet.

Of the beds that are mapped in the southern part
of McKenzie County (fig. 15), beds F, G, I, and J are
most important. The lowest bed, B, is projected into
the southern part of McKenzie County from outcrops
in Dunn County. The other beds, C through M, are
all apparently of minable thickness over considerable
areas, The thickest are beds I and J. Since these
beds are in the upland area, they may be covered with
only thin or moderate overburden.

The designations of the beds in the unmapped
northwestern part of McKenzie County, U to Z (table
14),are used for convenience only and do not represent
a regular sequence. The lowest extensive bed in the
group is bed Y, which is about 70 feet above the water
level of the Missouri River. Bed X is exposed in mines
and outcrops in the valleys of the Yellowstone River
and its tributaries, from water level to about 60 feet
above. The bed is minable wherever reported, but
does not exceed 6 feet in thickness. Bed Z is about
200 to 250 feet above bed Y and‘appears to underlie
a considerable area in the northern part of the county.
The uppermost group, beds U, V, and W, are possibly
the same bed, but data are too mcomplete to make a
definite statement to that effect.

Reservesand production. -~The lignite reserves
of McKenzie County are estimated at 32, 183 milliontons,
as summarizedbelow. Figuresbytownshipsaregiven
in table 25.

Estimated original reserves of lignite in
McKenzle County
(1in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total
2i-5 384 2,102 23,80k 26,290
5-10 761 2,116 2,665 5,542
10+ 26 309 16 351
Total 1,171 4,527 26,485 32,183
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The all-time production of lignite in McKenzie
County from the beginning of mining through 1850 is
about 117,000 tons, of which 70,000 tons was produced
from 1941 through 1950. The present annual production
averages about 7, 000 tons, most of which is recovered
by stripping. In 1950 there were 11 active mines in the
county, as listed below.

Mines operating in McKenzie County

in 1950
Name of mine Location Type Bed
sec. T. R.

Shelley-------=----aun 33 152N 98W Strip- U
Skogheim—~—--—cccemeun 24 152N 98W --do-- U
WOold-mmmmcmmmmm e 1 152N 98W --do-- U
Aagvik Bros.---—=-=cmc 24 152N 984 --do-- T
Nygard----——cee-meemeee 36 152N 98W --do-- U
Pederson------=-==—-—= 10 152N 98W --do-- T
Bond-===-mmmmmmmmmmem 30 152N 97W --do-- U
Edwardson---e~-=ee-—-q 23 152N 96W --do-- G?
Northfork Community--- 19 150N 97W --do— V
0'Kay--mmmmmmmmmmmmm e 7 149N 99W --do-- W
Johnson=---=-==-=acuuu 1 148N 99W Drift- W

Golden Valley County

‘Geography and geology. ~-Golden Valley County
is south of McKenzie County, along the western border
of North Dakota. The population in 1950 was 3, 487;
most of the people are supported by farming or farm
service industries. The largest town is Beach, which
has a population of 1,457, Other towns are Sentinel
Butte and Golva. The county is served by the mam
line of the Northern Pacific Railway.

Most of Golden Valley County is a rolling plain
standing about 2, 900 to 3,000 feet above sea level,
although the eastern part of the area bordering the
Little Missouri River is deeply dissected’ into badland
topography. Several buttes stand about 500 feet above
the plain; the most. prominent are Sentinel Butte, Square
Butte, and Camels Hump Butte in the central part, and
part of the western edge of Bullion Butte in the south-
eastern corner of the county. Elevations in the valley
of the Little Missouri River range from 2, 200 feet in
the northern part of the county to 2, 500 feet in the
southern part.

The lowest outcropping bedrock unit is the Ludlow
member of the Fort Union formation, which contains
four minable beds of lignite. Above the Ludlow is the
Tongue River member of the Fort Union, which contains
most of the estimated reserves. Overlying the Tongue
River is the Sentinel Butte shale member of the Fort
Union, which contains a small amount of lignite. It
is not known whether any Eocene deposits remain in
the county; but the highest buttes are capped by the
White River formation of Oligocene age, which con-
tains no lignite.

Lignite beds. --The central part of Golden Valley
County was described by Leonard (1908), and the southern
portion by Hares (1928). The entire area was mapped
by the Nerthern Pacific Railway in 1923, using the
same bed designations as those employed in southern
McKenzie County. As different designations were used
in the mapping of different parts of Golden Valley County,



Table 1...Lignite beds in McKenzie County,

North Dakota

Thickness at .outcrop | Approximate
Bed Outcrop locations in feet) area (in
Max. Min, Ave., [square miles)
Beds in northeastern part of county
01 (1) ces cee cee 110
N | T. 147.N., R. 98-99 W, 6. 2.7 k.5 1%0
M| (1) ces cee cee 180
L (1) e o LN LI 70
K (1) LI L ) s . 70
J (1) LN LN LN S 150
I| T, 151 N., R. 94 W. 2.9 2.6 2.7 250
H| T. 151 N., R. 94 w. k.1 2.6 3.3 250
G| T. 151 N., R. 94 Ww. %.7 h.o .3 600
F | T. 149-152N., R. 94 W, .5 2.5 | 4.5 oo
E | T. 150-152 N., R, 94-95 W, - 6.0 2.2 k.1 500
D | T. 149-151 N., R. 94-95 W, .o 2.0 3.0 loo
¢ | T. 150-151 N., R. 94 W. 11.2 2.8 Z.o 450
B To 150-151 N., Ro w. 9.5 2.8 .2 l‘.SO
A | T. 151 N., R. 94 w. 10.0 5.7 7.8 50
Beds in southwestern part of county
M| T. 148 N., R. 100-104 W. | 9.3 3.1 6.2 50
L | T. 147-148 N., R. 102-103 W, 5.2 3.0 .1 10
K| T. 145-148 N., R. 102-10, W, lﬁ.l 3.0 %.o 2l
J | T. 145-148 N., R. 100-105 W, 1. 1.5 .0 300
I | T. 147 N., R. 100-102 W, 13. 7.0 | 10.2 80
H | T. U6-147 N., R. 100-101 W. k.5 2.6 3.5 10
G| T. W47 N,, R, 101 W. 9.5 2.0 5.7 3
F | 7. 15-146 ¥., R, 100-104 W. |11.0 2.5 | 6.7 L5
E{ T, 145-146 N., R. 100-103 W, 6.0 4.0 5.0 10
D| T. 145 N., R. 100-103 W, 3.9 2.6 3.3 oo
¢ | T. 145-147 N., R, 101-104 W, 8.3 2.8 5.6 koo
B (1 e e . e s L N ) 20
Unmapped and uncorrelated befls
Z | T. 151-153 N., R. 97-101 W. 8.6 %.o 6.3 oo
Y| T. 152-153 N., R. 95-100 W, 11.8 .3 9.0 300
X | T. 150-151 N,, R. 101-104 W, 6.0 - 3.0 L.5 250
v | T. 152-153 N., R. 97-98 W, 5.2 5.1 5.1 N
W To 151"153 No, Ro 97‘99,95 W. 5.2 2.7 3'9 30
U| T. 150 N., R. 100 W, oo ces 3.0 3

;l/ Projected into McKenzie County from outerops in Dunn County.
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a certain amount of correlation is necessary in dis-
cussing the beds. The areas covered by the different
maps are shown in figure 5; the cutcrops in Golden
Valley County in figure 15 (northern part) and figure 16
(southern part).

The lowest exposed lignite in the county is the
Yule group (Leonard, 1908, pp. 77-80). Bed C of this
group (Hares, 1928) crops out in the southern part of
T. 136 N., R. 105 W. (fig. 16). Although in that
township it is too thin to mine, it apparently thickens
to the south. Bed C', about 3.7 feet thick, crops out
in the same township. The Yule bed, or bed E, is 3.0
to 10. 5 feet thick, probably averaging 5 feet, in T. 136N.,
Rs. 105-106 W. The Yule bed is the highest known
minable lignite in the Ludlow member of the Fort Union
formation in Golden Valley County.

The lowest bed in the Tongue River member of
the Fort Union is bed H, which crops out in the southern
part of the county, where it is 2. 3 to 9.0 feet thick but
contains a persistent parting 0.8 to 2.0 feet thick., The
next higher bed is the Harmon bed, which crops out
over large areas in T. 137 N., Rs, 103-104 W, It
ranges inthickness'from 2. 7 feet in sec. 19, T. 137 N.,
R. 103 W., to 9.0 feet in sec. 11 of the same township;
from that area it thickens to the southeast and to a less
extent to the northeast and southwest. It probably under-
lies a large area in the southern part of the county.

The Burkey bed is mapped in Tps. 137-138 N.,
Rs. 105-106 W., where it is 3.8 to 7. 8 feet thick and )
is relatively free from partings. It is possibly equivalent
to the Garner Creek bed, or possibly to a bed lower
than the Garner Creek (Hares, 1928, pp. 47, 63).

The Garner Creek bed probably underlies most
of Golden Valley County. In the southeastern part of
the county it is about 4 feet thick except in secs. 2 and
3, T. 138 N., R. 104 W., where it thickens to 7.0 feet.
It is correlated with bed K of Leonard (Leonard and others,
1925, p. 45) which cropsout in T. 139 N., R. 102 W.,
and Tps. 139-140 N., R. 93 W., and with bed C of the
northern part of the county (N. P. Ry Co., 1923) and of
the Beaver Creek area (Leonard and Smith, 1909).
Bed C in the northern part of the county averages about
5 feet thick and the lignite contains few partings.

Much of the northeastern part of the county is
underlain by bed B (N. P. Ry.Co., 1923),which is
possibly the equivalent of bed J of Leonard (Leonard
and others, 1925). Bed B, as estimated from outcrops
in Billings County, is probably about 5 feet thick.

Bed D (fig. 15) crops out in the valley of Beaver
Creek, where its average thickness is 3.0 to 3.5 feet.
In at least one outcrop, between sec. 25, T. 143 N.,
R. 105 W.,and sec. 1, T. 142 N., R. 1056 W., its
average thickness is more than 5 feet.

/Bed E crops out in the valley of Beaver Creek
not far above bed D. Its thickness ranges from 4.0
to 6.5 feet and is Tairly uniform over large areas.
Bed E is possibly the bed formerly mined at Beach.

Bed F crops out mostly in T. 144 N., R. 105 W.
It is only 2.6 to 5.5 feet thick in Golden Valley County,
though to the north in McKenzie County it is as much
as 11 feet thick locally.
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The highest known commercial lignite bed in the
county is the Sentinel Butte bed, or bed G, which is best
exposed in Sentinel Butte in secs. 5-8, T. 139 N.,

R. 104 W., and in Bullion Butte in the northeast part
of T. 137 N., R. 103 W. In Sentinel Butte the lignite
has an average thickness of about 20 feet; in Bullion
Butte, about 10 to 15 feet.

Reserves and production. --The lignite reserves
of Golden Valley County are estimated at 8, 319 million
tons, as summarized below. For reserves by townships,
see table 25.

Estimated original reserves of lignite in
Golden Valley County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 127 1,507 4,696 6,330
5-10 206 979 691 1,876
10+ 28 77 8 113
Total 361 2,563 5,395 8,319

The estimated reserves of the Garner Creek bed
are given in table 15,

Reported production of lignite in Golden Valley
County through 1950 totals 141, 409 tons, of which
58, 103 tons were mined in the years 1941-50. Present
production is about 3, 500 tons annually. Most of the
mining has been by underground methods, and compar-
atively little strip-mining has been done. The only
mine operating in the county in 1950 was the Mammoth
Coal Mine, located in sec. 5, T. 139 N., R. 104 W.,
in the Sentinel Butte bed.

Billings County

Geography and 'geology.,--Billings County is east
of Golden Valley County and south of McKenzie County.
The population in 1950 was 1, 769 perscns, most of
whom are supported by agriculture. Medora, the county
seat, is in the midst of the spectacular Badlands of
ithe Little Missouri River. The main line of the Northern
Pacific Railway crosses the county via Fryburg and
Medora.

The western part of Billings County is deeply
dissected into badlands by the Little Missouri River,
which runs north near the county line., Elevations
above sea level range from about 2, 200 feet in the
Little Missouri River valley to about 2, 900 feet on
the general plateau surface; the highest point in the
county is Bullion Butte, the altitude of which is 3, 376
feet. .In the eastern part of the county the drainage is
eastward, and the terrane is deeply dissected by the
Heart and Cannonball Rivers.

The oldest rocks exposed in Billings County are
in the Tongue River member of the Fort Union forma-
tion. Overlying this member is the Sentinel Butte shale
member, which is present in Bullion Butte. The higher
buttes are capped by the White River formation of
Oligocene age. All of the known minable lignite is
in the Tongue River member of the Fort Union, though
it is possible that detailed exploration might show that



;‘ """"""" 3y e iat cconhll €7t ‘..‘a“Ffs —————
i fu.8e06
T.
1401
BEACH s N v EXPLANATION
X |
K Coal outcrops
! . TN /H L Less than 2 172 et thick-—-
} $ a3 Fryburg o )
G o Ls . " " 139 2 172 10 5 feet thick ——~~~-~
5 to 10 feet thick
1<t
R More than 10 feet thick
MEYER BED 138| - Coal mines
] Underground mines.--------- %
| bandoned underg d mines- %
|
¢)  Strip mings coeereeeees s
'371 Abandoned strip mines------ ®s
foe
1364,y
%8 1.
«s ©
ns
AMIDON qs 13512
gul y _Butte j—
\ostape Center® !
134
P E
i Lo
»is
®e
»S 133 w
LYY
Iz
T sl '
‘ |32|
< _\HARMON BED |
| 3 gy - S lhgwuan |
: Y ¥
b i Yo HARMON BED % %o 131
! S (camonsaLL '\“ *: § < A L} =
D I Qi‘?‘coyne ]
i 23
e K 4
1 B A N [
N 130
| § s Q
!
<t
! |
| L, Concord [ 129
: SHaley N
w?r| __Riosw] _ 05 _ _loa | 3 ® 02 _ o _ 100 _ | Rogw L
! s 0 u T H D A K O T A
o] 6 12 Miles
L L J

Figure 16. --Lignite outcrops in Slope and Bowman Counties, and parts of Billings and Golden Valley Counties,
North Dakota.
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Table 15, .Rstimated original reserves of lignite in Gsrner Creek bed, Golden Vslley County, North Dakota'

{in millions of short tons)

Measured reserves Indicated reserves Inferred reserves
A A A Total
Losation thicknesq Acres |R ickneas | hores thicingss | Acres |Reserves freasrves |
T Uy, n.xg. 4.1 4,007 36. k. 1y, 25¢ 123.37 .6 1,536 10.88) 170.54
7.1l .5 R.IO4W. 3.0 237 1. 3.0 iy, 20! 22.08 .0 19,411 101.91 125.23
_r.u.uﬁ.. R.106W, 2 2.9 '5:3\:% 11.69 E.q zg,ésu 103.80| 115.49
T,143N., R.103W. %.9 2,792 | 26. .9 11,632 | 108,06 %.9 6, W12| 13432
71436, , R.lolw 10 . 20 | 11,90 26 10 1 0p| 158:71
130, Ri10sw. g0 HER IR .ég %.o aen | BB 3.0 15:;62 5.9 Re:dd
T,242¢,, R.103%. . 6.0 8 0.40 .2 22,940 205.12| 205.52
L STE n.mé:rr 6.0 166 | 1.7k 6.0 2,39 zs.]f E.o zoi%e %) B85
T,142%,, R.105W. Y.y 531 5.37 4y 3,725 27. Nt 17,510 8,78 122,01
P.141N., R.103W, .5 23,040 157,75 157.7!
T.UIN. RI10kW. o . 0 | 230b0 | 120.98| 120,
r.iﬁm.j n.zgg‘:. .- 2.1 ?3.%0 1o9.86| 1o6:46
T.140K., R.103%. 6.3 | 12, .51 .0 9,431 66.02| 206,53
;.&gg.ﬁ Koo s | o5 lzzé g:léég 1290 1309
T joR.} R 1088 ot Jobtl el IO Lo s | A | R el
T.1398., R.103%, 5 191 .17 . 5553 32.39 .9 17,552 6.9, 180.49
130w, Bilclw 13 o | 1le o] L B8 LR T o3| e
3.1308., k.lo6w. 2.9 fon 9.70 2o | 2oy | aos3z| 6.02
T.139¥., R,106w, s 2. 11,1k .1 s4.61
T.138N,, R.103%, .5 2,701 18,62 . 12,672 82,36 aes vge . 100.98
;.ggg.: g.ig. !§.o * 508 8.11 %é xz,ogg 2 %g 1s.v&z 163.22 igg:?
. 0 . . can e . »2! 19, . 18. .
T.138K., R.106W. 225 o9 3.0 e/t 18.87] 18.87
T.137K., R.103W. !5.9 2,355 | 15.30 6.3 410 .52 3.5 6,010 6.1 56.63
T.1378., R.104V. 3 333 1.92 o X . 8,128 6, N
T.137N., R,105W, 2 33 TS| e 33 517 ’293% 92‘5-32
Total 19,920 | 161.34 120,924 924,98 376,127 | 2,268.38)3,354.70

the underlying Ludlow member contains lignite beds
of minable thickness,

Li%nite beds. --Of the 18 beds in Billings County
for which reserves are estimated, six apparently under-

lie large areas. The lowest known lignite is the Harmon
bed, which crops out in the valley of the Little Missouri
River in Tps. 137-138 N., Rs. 101-102 W. (See

fig. 16.) Thebedinthat area rangesinthickness from

7.0 to 20, 5 feet and probably averages more than 10 feet.
It disappears beneath the river in the southern part of

T. 139 N., R. 101 W., and has not been identified in
the northern part of the county.

The Hansen bed crops out along the Little Missouri

River in the most southern part of the county; the thickest

exposure is in sec. 33, T. 137 N., R. 102 W., where
the bed is more than 20 feet thick but is separated into
benches 5.0 and 15. b feet thick respectively, by a
parting 17 feet thick, North and west of this exposure
the bed thins, but it probably has an average thickness
of more than 10 feet thick in its outcrop area in Billings
County.

The Garner Creek bed which, as discussed under
Golden Valley County, is correlated with bed C of

Leonard and Smith (1909) and bed K of Leonard (Leonard

and others, 1925), crops out near water level in the
valley of the Little Missouri River and disappears
beneath the water in sec. 32, T. 139 N., R. 101 W.
A bed which may be the same reappears, however,

in sec. 35, T. 143 N., R. 102 W. The Garner Creek
bed, which contains a few thin partings, thins east-
ward and northeastward from this area.

The Meyer bed is exposed in the lower parts of
Bullion Butte in T. 137 N., R. 102 W., about 200 feet
above the Garner Creek bed (Hares, 1928, p. 14), It
has also been mapped in a few places north of that area.
The bed ranges in thickness from 3.0 to 5.9 feet, but
the quality of the lignite is said to be poor (Hares,

1028, p. 66).

The HT Butte bed is exposed in Bullion Butte,
about 25 feet above the Meyer bed. It reaches a
thickness of 11 feet, but its area of occurrence is so
small that it has little commercial value.
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The Bullion Butte bed is found only in Bullion
Butte, which is mostly in T. 137 N., R. 102 W,, but
extends a short distance into R. 103 W., in Golden
Valley County. One measured section shows the bed
to be 11.9 feet thick, but, like the HT Butte bed, it
underlies only a small area.

In the northern part of Billings County, bed C,
the equivalent of the Garner Creek bed, crops out'in
the valley ofthe Little Missouri River. (See fig. 15.)
A lower bed, bed J, was recognized by Leonard and
others (1925) in this part of the county. It crops out
in the valleys of the Little Missouri River and Beaver
Creek in T. 139 N., R. 102 W., where it is as much
as 7.5 feet thick. Bed J may be correlated with a bed
at the same general horizon that crops out in Tps, 143-
144 N., R. 102 W., at thicknesses ranging from 2.7
to 6.0 feet.

Bed D of Leonard and Smith (1909) and of the
Northern Pacific Railway Co. (1923), which is probably
equivalent to bed L of Leonard (Leonard and others,
1925), is generally thin at its exposures in the Little
Missouri River valley. Bed E (N. P. Ry. Co., 1923),
which may be equivalent to bed M of Leonard, crops
out in T. 141 N., Rs. 98-99 W., in the southeastern
part of Billings County. It is 4.0 to 10.0 feet thick

.along its outcrop in Billings County, and even thicker

to the east in Stark County. Small isolated areas of
lignite that may be equivalent to bed E have been mapped
in the lower part of the Little Missouri River valley.

Bed F of Leonard and Smith (1909) and the Northern
Pacific Railway Co. (1923) is exposed in the northern
part of the county, where the maximum thickness of
the bed is 16 feet in sec. 12, T. 141 N., R. 101 W,

In several buttes within two or three miles of that
locality the bed is 10 to 12 feet thick. It probably under-
lies most of the northeastern portion of the county

and thins northward and southward.

Bed G probably underlies, 3 or 4 square miles in
T. 142 N., Rs. 101-102 W., at thicknesses ranging
from 4.5 to 6.0 feet. On the basis of data from Dunn
and Stark Counties, the same bed possibly underlies
a considerable area in the northeastern part of the
county.



Beds H, I, and J, which are mapped in Dunn and
Stark Counties, probably underlie a part of the north-
eastern portion of Billings County.

~ Reserves and production. --The lignite reserves
of Billings County are estimated at 17, 718 million tons,
as summarized below. Reserves by townships are
given in table 25,

Estimated original reserves of lignite in
Billings County
(in mil1lions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 63 759 9,198 10,020
5-10 252 1,066 2,442 3,760
10+ 213 1,304 2,421 3,938
Total 528 3,129 14,061 17,718

The estimated reserves of the Garner Creek bed
are given in table 16.

The all-time production of lignite in Billings
County from 1914:through 1950 is reported as 313, 000
tons. Largest annual production was 44, 773 tons in
1922; since that year production has dropped steadily
until in the late 1940's little or no lignite was mined
in the county. The 1950 production was 754 tons, from
the Garner Creek bed at the Little Missouri mine in
sec, 26, T. 140 N., R. 102 W. Most of the production
from Billings County has been by underground methods.

Slope County

Geography and geology. --Slope County is south
of Golden Valley and Billings Counties and is bounded
on the west by the State of Montana. The population
in 1950 was 2, 308; 102 lived in Amidon, the county
seat, and 626 in Marmarth. The Chicago, Milwaukee,
St. Paul,and Pacific Railroad crosses the southwestern
part of the county. The principal industry is cattle
raising.

The eastern part of Slope County is a rolling
plateau on which a few buttes stand above the general

level of 2,900 to 3,000 feet.
is located about 12 miles southwest of Amidon.

HT Butte,

and stands 3, 474 feet above sea level.

The highest of these,

Approximately

the western half of the county is in the drainage area
of the Little Missouri River and over large areas is
deeply dissected into badlands.

The lowest exposed formation is the Pierre shale
of Upper Cretaceous age, which crops out in a relatively

small area in the western part of the county.

(See pl. 1.)

The Pierre is overlain by the Fox Hills sandstone,

and the Fox Hills by the Hell Creek formation, both

of Upper Cretaceous age; these formations are exposed
in the low land in the western part of the county. Above
the Hell Creek formation is the Fort Union formation

of Paleocene age, which in
three members; the lowest

this area is composed of
or Ludlow, the Tongue

River, and the Sentinel Butte shale (Hares, 1928,

pl. 14).

It is possible that Eocene sediments lie over

the Fort Union, though none have as yet been identified;
the highest formation in the county is the White River
formation of Oligocene age, which caps HT Butte.

Most of the lignite in the county is in the Tongue River
member of the Fort Union formation, though the under-
lying Ludlow member also contains fairly large re-

serves.,

Lignite beds. --Four of the 24 known lignite beds
in Slope County (See fig. 16) underlie fairly large areas.
The lowest is the'Cannonball bed, which crops out at
minable thickness along Cannonball Creek in T. 135N.,

Rs. 105-106 W.

it is more than 5 feet thick,

to less than 2 feet. To the

In sec. 25, T. 135 N., R. 106 W.,

but 2 miles west it thins
east it disappears below

the stream level and its thickness is not known.

The next higher bed, the Beta bed, crops out in
T. 134 N., R. 105 W. It has a maximum known thick-
ness of 4.0 feet but over most of its outcrop area is
of less than minable thickness.

The T Cross bed, which underlies large parts
of Slope and Bowman Counties, crops out in the east

side of the Little Missouri River Valley.

Its thickness

Table 16 original of lignite in Garner Cresk bed, Billings County, North Dekote
{in millions of short tons)
Measured reserves Indicated ressrves Inferred reserves

Total

Loostion Average Average Aversge reserves
thickness Acres | Reserves| thickness Acres Reserves [thickness Acres Reserves

T.UhH., R.QBM. .5 23,040 181 181,
;.w.i JRigom ‘t‘g ggiéﬁg 101 g igl.é‘%
T i [ o ool N S Gl e | B2 | Bok) HEw Gk
T, 144N, , R.10Z%, 5.3 4,398 50.12 5.3 9,400 105.72 5.7 12513; 9.69 205,53

7,438, R.9%w, .5 23,0h0| 171, 181,

r.lltzn., R.99N. ﬁ.s z:ﬁ&o 181.& 181,

;‘.ﬂt%g., :.iggﬂ'. S ..o eee (’).6 N 5‘. 17“6 Z.g ;i,ﬂgg é?a. l‘?g‘
T.143N.) R.102¥. 9.5 7,086 | 111.90 95 m:la?ﬁ 140 7.0 11303 % %:g%

T.U2N., R.9BW, . 23,0k0| 181 181.
LTI 1 Rooqm. k;s. 3,3#0 161.}‘“ 1el.ﬁ
. UoN. ;) R.100w. (X1 23,0381 231, 231,55
,1428.;, R.10LM. 9.3 9.57 9.3 2 415 286.87 306.13;
TI22N., R.102W, 125 o | nlki| 100 8,861 | 169,83 | 101 13,728 182:55| 36429

T.141y,, R.98W. . . 23,040 181, 181..
TN, R.O9W o ‘g? :ohu 181.& 151.1;“1‘:
TN Briom “ 73 & oo |73 |oESR Rl &y

. oy Po . .. . o T 190 283, .
TR ® 102w, " 7.5 23,040 3oz.llio s
T.140N,, R.10CW, .. o 5.8 23,037 213,02 213.02

T.1,0N., R.101¥. 7.0 2,5 32.63 0 13, 5i 239.86 2.
T.1oN,, R.1024. 7.0 1,075 | 13017 7.0 1015% 128292 13 8828 R:3 222.22

T,139N,, R.100W, e .es “er s ee ces 5. 23,038 193,55 193.
T.13GN. ) R.100K. 83 i3 523 7.% 22:2122 270.25 22 d
T.139F., R.102W, 5.3 902 15.61 7. 7,073 | 123.65 9.2 4,653 53.32]  197.78

T.138N., R.100W, ses ves e e s .5 3 181, 181..
TI138N., RI101W. 48 96 0.8l 5.9 3,362 #.79 ‘§.9 ez 16 1 ﬁ

T.138N., R.102W. .3 14,353 b1y 5.0 10,256 201} 1132

T.1378., R.100W, .o .o vou e . .o . 12,81 100.: 100,
T.1378., R 101'4. 4.8 32 0427 4.8 250 2.10 l.‘.? 2 ..9. .?5 2-9%

T.137%., 0. L2 791 6.23 L.2 1,235 10,21 e 16.
Total 19,273 | 2%.06 67,305 | 895.82 564,566 | 5,461,27 | 6,611.15
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is notably irregular.from place to place, ranging from
2.5to 24 feet. In T. 134 N., R. 105 W. the general
thickness range is 3.0 to 9.0 feet, but at one locality,
in sec. 25, the bed measures 14.7 feet thick, North
of that township it appears to thin, To the southeast,
in T. 133 N., R. 104 W., the maximum thickness of
24 feet is reached, with an average thickness of'
15 feet over a considerable area.

Beds C, C’, and D are apparently of local extent
only. Bed C is largely confined to T. 135 N., R. 105 W.,
where it thickens rapidly from 3.0 feet in the southern
part of the township to as much as 13. 8 feet in the
central part. Bed C' covers a somewhat larger area
than bed C, at a relatively uniform thickness of about
4 feet. Bed D crops out in approximately the same
area as beds C and C' and is irregular in thickness;
the maximum is 7. 5 feet, but only a few localities
show as much as 5 feet, and at some outcrops-this
lignite bed is of less than minable thickness.

The Yule bed crops out in the northwestern part
of the county, in Tps. 135-136 N., Rs. 104-105 W.
In general the bed thickens from 2.5 to 3.0 feet in
the southern part of its outcrop area, to 5.5 to 8.1 feet
in the northern part,in T. 136 N., R. 104 W. Farther
south, in T, 134 N., Rs. 104-105 W., a bed named
the Ives bed, which is possibly equivalent to the Yule
bed, averages about 3.0 feet thick, and in T. 133 N.,
R. 104 W., the thickness increases to 4.5 feet. The
Yule and Ives are the highest known lignite beds in
the Ludlow member of the Fort Union formation in
Slope County.

The lowest bed in the Tongue River member is
bed H, which crops out in the western part of the
county. It is 2.0 to 8.0 feet thick, and east of the
Little Missouri River it maintains a fairly uniform
thickness of about 6.0 feet. It crops cut in Tps. 134-
136 N., Rs. 102-105 W., and thins to the east and
southeast.

The Hansen bed crops out in two areas,separated
by a belt about 8 or 10 miles wide in which the lignite
has been removed by erosion. The western outcrops
are in Tps. 133-136 N., R. 104 W. There the aver-
age thickness of the lignite is more than 5 feet. The
minimum thickness, in sec. 25, T. 135 N., R. 104 W.,
is 4.1 feet, but the bed is thicker in nearly all known
exposures and in sec. 2 of the same township reaches
13.7 feet. The eastern outcrop of the bed is in the
vicinity of Deep Creek and southward in Tps. 133-

136 N., R. 102 W. The thickness range in this area

is commonly 3.0 to 6.0 feet, and the maximum measured
thickness is 10. 6 feet. This bed thins to the southwest,
but in an irregular manner. In the southern part of

the county it crops out in small isolated buttes in

the divide areas at thicknesses ranging from 2.5 to

8.0 feet. The bed is probably present at minable
thickness in large areas in the west-central part of

Slope County.

The Harmon bed underlies large areas in Slope
County at thicknesses of 10 feet or more. It is exposed
in outliers in the northwestern part of the county, in
Tps. 135-136 N., Rs. 103-104 W, ; in these outliers
the lignite is 4.0 to 12. 7 feet thick along the western
side and 5.0 to 18. 2 feet on the east side. East of
the area mentioned above, in Tps. 133-137 N. ,.R. 102W.,
the bed is exposed for long distances at thicknesses
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of 10. 5 to 38 feet, usually 20 feet or more. In sec. 19,
T. 133 N., R. 101 W., the bed is only 5.5 feet
thick, but this measurement apparently represents
only a local thinning.

The highest bed in Slope County is the HT bed,
which crops out in HT Butte in the east-central part
of T. 134 N., R. 102 W. This bed is in the base of
the Sentinel Butte shale member of the Fort Union
(Hares, 1928, pl. 14.)

As only the western part of Slope County has
been mapped in detail, it is probable that additional
,mapping, particularly in the eastern part of the county,
would disclose additional beds of lignite and increase
the reserve estimates of the mapped beds.

Reserves and production. --The estimated orig-
inal reserves of lignite in Slope County are 20, 091 mil-
lion tons, which are listed by townships in table 25
and summarized below, The reserves are unusual
in that, about two-thirds of the total tonnage is in beds
more than 10 feet thick,

Estimated original reserves of lignite in
Slope County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 72 1,177 2,229 3,478
5-10 170 1,827 717 2,714
10+ 306 2,601 10,902 13,899
Total 638 5,605 13,848 20,001

Estimated reserves of the Harmon bed in Slope
County are given in table 17.

The total reported production of coal in Slope -
County through 1950 is only 23, 591 tons, of which
8, 887 tons were mined in the years 1941-50. In the
past, 30 or more mines have been opened in the county,
but in 1950 only the Gress mine in sec. 24, T. 136 N.,
R. 102 W. was active. In that year it recovered
340 tons of lignite from the Harmon bed by stripping.

Bowman County

Geography and geology, --Bowman County is
south of Slope County, in the southwestern corner of
North Dakota. Its population in 1950 was 3, 998, sup-
ported mostly by grain farming or cattle grazing., The
largest towns are Bowman, the county seat (1950
pop. 967), Gascoyne, and Rhame, all of which are on
the main line of the Chicago, Milwaukee, St. Paul,
and Pacific Railroad.

The county is part of the Missouri Plateau and
the surface is generally rolling except in the western
part, where the Little Missouri River has dissected
a wide area into badlands. A few buttes, notably the
Twin Buttes north of Bowman, rise 300 to 400 feet
above the plains surface. The exposed geological
formations are, in order, the Pjerre shale, the Fox
Hills sandstone, and the Hell Creek formations of
Upper Cretaceous age, which crop out in the valleys
in the western part of the county; the Fort Union forma-
tion of Paleocene age, which is exposed in most of



Table 17.__Estimated original reserves of lignite in Harmon bed, Slope County, North Dakota
(in millions of short tons)

Measured reserves Indicated reserves Inferred reserves rotal
o
Location Average sverage Aver reserves
thickneas beres Reserves [thickness Aorea Reserves |thickness Acres Reserves

T,136N, . 12.) 73,437 £o8,58] 508,58
1.1%6!. et :31’382 86, 82| g::a.ﬂz
1367, 15.8 23,283 %3 77| T
T.136E. 17.5 1,690 51,76 17,5 Q,ogl 276.76 17.5 12,278 375.92| 704 .
T.136%, 1;,0 i,601 | 139. 17.0 Iy, 8 !hs.p . 283,1
T.136N. N 3,0&6 3%. R 8.% 11,667 202,03 .. . 235,11
1368, 7id 21508 | 337 7. 30165 | 69088 i 501 BT 16T
T.1358, 15.9 23,01 sho.37)  Kho.3
T.135W, 18.7 23,20 800,03 800,03
T,135%, 23.5 z?,n% 934211 93kl
135N, 27.3 672 32.11 21.3 7,341 | 350.72 21.3 1, 0l 671,24 1,053.97
T.135¥., 28,0 29 U b1 28,0 5.235 256,52 “ae 270.
T.1350. 1%) 2,07, l;.g:ss 5.1 8,601 | 169.11 O - TN
T.135N, 7.3 1,530 16.77 7.3 3,368 46.02 62.79
TL1IN, 15.1 21,133 558. 558..
T.l%ﬁ-'.'.. 185 21,670 701.57|  701.57
LEEN N . 21.9 1,820 836, 836,011
TLNL OO 31 298 | 208186 | 2613 | 155942 733.73| 1,032,
.13 26,8 371 17.40 26,8 621 216,73 . 23&.13
3N, , 0.5 nz 13.18 0.5 ,853 70.80 .- lﬁ.ga
TN, 9.5 832 .12 .12
T.133N, - .2 23,066 573.19]  573.19
T.133K. - }%.5 23,18 750.%9 750.49
TI133K., 22,7 23,200 zfx. 2| 921.62
T.133K., 27.0 256 12.10 zz.o 8,38 | 396.1 27.0 13,555 0.47] 1,048.71
T.133N,, 26,9 0 19.30 . 19.30
Total 16,979 | W16.99 79,638 [?,526.9 329,330 | 10,B76.66{13,820.59

the county; and the Golden Valley formation of Eocene
age, which overlies the Fort Union in the eastern part.
The Fort Union formation is divided into the Ludlow
and Tongue River members; the latter contains most
of the lignite reserves.

Lignite beds. --Most of the data used in estimating

reserves for Bowman County are taken from the report
on the Marmarth lignite field (Hares, 1928), which
includes the western part of the county. In all, 17
lignite beds are included in the estimates; of these,
five are fairly extensive. (See fig. 16.) The Tongue
River member in Bowman County is thinner than in
Slope and the other counties to the north, and the re-
serves are correspondingly smaller; this situation
reflects the location of the county, which is not far
north of the southern limit of the Fort Union region
in South Dakota.

The lowest mapped lignite in the county is the
Cannonball bed, at the base of the Ludlow member of
the Fort Union in T. 131 N., R. 105 W. In that town-
ship the bed is 2. 2 to 3.2 feet thick, with an average
of about 2. 7 feet. The next widespread bed, the
T Cross, crops out over wide areas east of the Little
Missouri River. It is 2.7 to 10 feet thick, and local
variations are probably present. In Tps. 129-130 N.,
Rs. 102-104 W., the bed is generally about 5. 5 feet
thick along the outcrop, though in secs. 24 and 25,

T. 130 N., R. 104 W., it is thin and impure. In

T. 132 N.,R. 105 W., it reaches a thickness of

8.0 feet. In secs. 6, 7, and 18, T. 131 N., R. 104W.,
a split divides the bed into two benches, the lower of
which is less than 2. 5 feet thick,

The Ives bed crops out in the northern part of
T. 132 N., R. 104 W., at an average thickness of
6 feet thick. It is believed to underlie only a small
area in Bowman Conunty.

The Hansen bed is probably present only in the
northern parts of T. 132 N., R. 102 W., where it
is 3.5 to 7.0 feet thick. -South of that area most of
the bed has been removed by erosion.

The Scranton bed (Leonard and others, 1925,
pp. 59-62), is exposed in mines and outcrops in the
eastern part of the county. In sec. 29, T. 131 N.,
R. 99 W., 12 feet of lignite has been measured. The
bed thickens to the east and in mines in secs. 25 and
26, T. 131 N., R. 100 W., is reported to be 20 to
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Thickness of

21 feet thick, It probably underlies a large area in
the eastern and northeastern parts of the county.

The Harmon bed, known also in Bowman County
as the Bowman bed, reaches its maximum thickness
of 24 to 32 feet in T. 132 N., R. 102 W. It underlies
relatively small areas in the northern part of the county
in Tps. 130-131 N., Rs. 99-102 W. The bed occurs
also in isolated buttes in T. 131 N., R. 103 W., and
in Twin Buttes north of the town of Bowman.

Several uncorrelated local beds are known in
the county. One of these is about 6 feet thick in
T. 129 N., R. 100 W.; other local beds are inferred
from exposures in northwestern South Dakota.

Reserves and production. --The estimated lignite
reserves of Bowman County, totalling 7,021 million
tons, are listed by townships in table 25 and summarized
below:

Estimated original reserves of lignite in
. Bowman County
(in millions of short tons)

Category of reserves

beds (ft.) Measured Indicated Inferred Total

2i-5 47 311 1,056 1,414
5-10 53 472 1,297 1,822
10+ 167 4uh 3,174 3,785
Total 267 1,227 5,527 7,021

Estimated reserves of the T Cross and Harmon
beds are given in tables 18 and 19, respectively. These
beds probably contain large strippable reserves.

The total all-time production of lignite
from Bowman County through 1950 is reported
as 692,168 tons. Peak production was 60, 346
tons in 1927; since that year recovery has
decreased and for the years 1941-50 the annual
average was only 8,269 tons. Production in
1950 was 11,366 tons. Most of the mining was
formerly done by underground methods, but the

only two active mines in the county in 1950

were strip mines,
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Table 18._-Estimated original reserves of lignite in T Cross bed, Bowman County, North Dakota

{in millions of short tons)

Measured reserves

Indicated reserves

Inferred reserves

Total

Average Average Average
Location thickness Acres Reserves |thickness Acres Reserves |[thickness Acres Reserves reserves
T.132N., R.100W, vee ves . eee vee . 2.6 851 3.87 3.87
T.132N., R.101%, eee Pee vee cee i . ﬁ.s 20,275 117.09 117.09
T.132N., R.102W, e e e v ‘e ves .8 19,&90 158,44 158,04
T.132N., R.103%. . e ves ves ven .. S.2 19,450 177.00 177.00
T.132¥., R.104W. 9.2 787 13.09 9.2 5,337 77.01 9.7 12,979 167.82 257.92
T.132N,, R.105W, 7.6 1,00l 13,2 7.6 3,085 50,00 ces e cee 63.2)
T.131N., R.101W, v vee ces v .. . i.a 19,507 112,65 112,65
T.131N., R.102W. eee cee vee - ves - .8 22,835 190.99 190.99
T.131N., R.103%. . ves ves e .. - S.hy 22,829 215,73 215.73
T.131N., R.104W, le.ly 2,611 20.73 5.0 8,557 86.67 S.7 9,754 97.30 20h.70
T.131N., R.105W, vee e e 5.5 211 2,04 e ees . .ol
T.130N., R.101%, ﬁ.o 736 3.86 3.0 1,299 6.82 P.o 3,482 18.28 28.96
T,130N., R.102W, .z 7% s.gl 4.8 15,443 119,86 g.9 5,197 “ 4542 171.19
T.130N., R.103%, 5. 1,331 13,86 .6 9,300 Z nin .0 10,163 106.71 217.01
T.1308., R.10lw, 5.1 1,261 11.53 .8 7,009 2.29 6.0 179 1.88 75.70
T.129%,, R.101%, “ee cee cee .0 320 1.68 vee ves ee 1.68
T.129N., R.102W. h.z 800 6.85 &.g 1,542 12.94 ces . .es 19.79
T.129N., R.103W, %. 23% 2.%7 L. 1,101 9.25 vee . . 11.g2
T.129N., R.104W. .0 1 2.60 cee I eee ves .o er 2.60
Total 9,784 9l 53,204 525,00 167,091 |1,413.18 |2,032.32

Table 19...Estimated original reserves of lignite in Harmon bed, Bowman County, North Dakota
) (in millions of short tons)
Measured reserves Indicated reserves Inferred reserves

A Average Average Total
Location &JZ§2§35 Acres |Reserves | thickness Acres ]Reserves |thickness| Acres Reserves| reserves
T.132N., R.Q9W, vee cee . e s . 16.5 19,277 556,62 | 556,62
T.132N,., R.100W, ees ceo ey ves ves .es 21.0 19,091 201.59 701, 5
T,132N., R.101W. 25.0 18 22,66 25,0 3,296 .20 25.0 14,336 27.20 72L.o
T.132N., R.1l02W, 27.0 1,638 77.40 27.0 1,760 3.16 vee et cee 160.56
T.131N., R.99W. vee e “es ees eee . 18,1 11,846 75.22 75.22
T.131N., R.100W. .. e o . o . 21.0 11:2&9 12.30 12.30
T.131N., R.101W. . e e vee “es vee 2.1 1,722 72.63 72.63
T.131N., R.102W, ces ves ces 25.0 205 8.97 vee aee .o 8.97
T,131N., R.103W. 20.5 16l 5.88 20.5 960 344 vee vee ves 4o.32
T.131N., R.10hw. S ves vee 10.3 256 5.3k vee .es aes 5.3
T,130%,, R.1047, vee “ee . 5.5 179 1.72 ves ees ee 1.72
Total 2,320 § 105.94 6,656 | 277.83 77,491 |2, 745.56 |3,129.33




Mines operating in Bowman County in 1950
Type Bed

Name of mine Location

sec. T. R.

Gascoyne 34 131N 99W Strip-Scranton.
(now Peerless).
Lamb-—mmmmmmm e e 25 132N 105W --do--T Cross.

Adams County

Geography and geology.--Adams County is in
the southwestern part of North Dakota, east of Bowman
County; it touches South Dakota on the south. The
county population in 1950 was 4, 891, principally sup-
ported by farming and stock raising. The principal
towns are Hettinger, the county seat (1950 pop. 1, 755),
Bucyrus, Reeder, and Haynes, all of which are on
the main line of the Chicago, Milwaukee, St. Paul,
and Pacific Railroad. (See fig. 17)

The surface of the county is mostly rolling up-
land,from which a few scattered buttes rise,and into
which Cedar Creek, a tributary of the Cannonball
River, has cut a deep valley across the central part
of the county. The general slope of the terrane is
toward the east. The oldest exposed rock unit is the
Cannonball formation of Paleocene age, the approximate
marine equivalent of the Ludlow member of the Fort
Union formation, which crops out in the stream valleys
in the eastern part of the county. The Tongue River
member of the Fort Union, which contains all the
known minable lignite reserves, overlies the Cannon-
ball and forms the surface rock over most of the
county.

Lignite beds. --The lowest important lignite bed
in Adams County is the Haynes bed (Lloyd, 1914,
pp. 252-253; Leonard and others, 1925, pp. 31-34),
which has an average thickness of 3.0 feet at its out-
crops in the northeastern part of the county in Tps. 130-
131 N., Rs. 91-93 W. It is much thicker in buttes to
the southeast; north of Haynes, in T. 129 N., R. 94W.,
the bed underlies about 2 1/2 square miles (fig. 17)
at thicknesses of 10 to 13 feet. In other small buites
the thickness ranges from 9.6 to 12. 0 feet.

Bed D (N. P. Ry. Co., 1923) crops out in Tps. 130-
131 N., Rs. 91-93 W. It is irregular in thickness,
the maximum being about 5 feet; over large areas it
is too thin to mine.

Bed E (N. P. Ry.Co,, 1923) crops out in the
higher land in the northeastern part of the county,
in T. 131 N., Rs. 21-93 W.; the total area known
to be underlain by the bed is less than 1,000 acres,

The Scranton bed in Adams County averages
8.0 feet thick in mines and exposures between Reed
and Bucyrus in T. 130 N., Rs. 97-98 W.

The Harmon bed probably underlies the north-
west corner of the county; its extent and thickness are
inferred from outcrop information in Bowman and
Slope Counties.

Reserves and production. --The lignite reserves
of Adams County are estimated as 1, 856 million tons,
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as summarized below and given by townships in table
25.

Estimated original reserves of lignite In
Adams County
(in millious of short tons)

Thickness of Category of reserves
beds (ft.) Measured indicated Inferred Total
24-5 36 169 485 690
5-10 29 115 453 597
10+ 38 83 448 569
Total 103 367 1,386 1,856

The estimated reserves of the Scranton bed are
given in table 20.

From the beginning of mining through December
31, 1950, reported production of lignite from Adams
County is 1, 864, 552 tons. Since 1920 production had
been comparatively uniform; the peak year was 1922,
when 83, 435 tons was mined; production in the years
1941-50 was 657, 965 tons, and in 1950, 64,053 tons.
Until 1940 most of the production was from underground
mines; but at present 94 percent of the lignite is taken
from strip mines. Two mines operated in the county
in 1950:

Mines operating in Adams County in 1950

Name of mine Location

‘'sec. T. R.

Type Bed

Dakota Collieries 9
Co.

129N 94W Strip-Haymes.

129N 94W Slope- Do.

Hettinger County

Geography and geology. --Hettinger County is in
the south-central part of the lignite-bearing region
north of Adams County. The population in 1950 was
7,086 persons, most of whom were supported by farming.
The principal towns are Mott, the county seat (1950
pop. 1, 574),and New England (pop. 895),the terminus
of a branch line of the Chicago, Milwaukee, St. Paul,
and Pacific Railroad, which serves the county, A
branch of the Northern Pacific Railway also enters the
county from the east, terminating at Mott. (See fig.
17) )

The county is part of the Missouri Plateau and
is generally a rolling upland deeply incised by the
Cannonball River and Thirtymile Creek. A few isolated
buttes rise above the general land surface. Most of
the exposed bedrock is the Tongue River meniber of the
Fort Union formation, which probably contains all the
lignite in the county.

Lignite beds. --The reserve estimates for Hettinger
County are based largely on the maps of the Northern
Pacific Railway (1923). The lowest bed is bed C, or
the Haynes bed, which probably underlies the eastern
one-third of the county, although the nearest known
outcrops are in Morton and Grant Counties to the north
and east. The next higher bed, bed D, crops out in
Tps. 132-133 N., Rs. 91-94 W., and possibly underlies
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Figure 17, --Lignite outcrops in Adams, Hettinger, and Stark Counties, North Dakota.
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Table 20.._Rstimated original reserves of lignite in Serenton bed, Adams County, North Dakota
(1n millions of short tons) '

Neesursd reserves Indicated reserves Inferred reserves Potal

Tocation ornse Acres onse Acres Reservea i Aores Resarves Fossrves

nig R | U AR &8

T.1318., R,99¥. 2.8 ss .39 :39

HEER G| e | 8 #E) g

T.130E., R.G5%. . 3.0 g, 3 117: g 11;: 8

HEAE | o) | ) 8| ) |58 40 &

T,1298., R.96N. T gg 1,258 gﬁ 53’8

1% mobn X i i | e | oagee | aeiai | 28 | L3B| 8| 6

Total 2,561 43.15 1,817 | 201,20 104,295 | 2,013.44 | 1,257.79
the northeastern three-quarters of the county. present mining is from strip mines. Mines operating
1t is 10 feet thick in a mine in sec. 35, T.132 N., in the county in 1950 are listed below:
R. 93 W.; and to the east in sec. 33, T 132 N.,
R. 91 W., its thickness ranges up to 6. 4 feet. Mines operating in Hettinger County

in 1950
Bed E also probably underlies a large part of
the county.” Its outcrop in T. 134 N., R. 91 W. has Name of mine Location = Type Bed
a maximum thickness of 6. 1 feet a.nd averages about sec. T. R.
5 feet.
New England Coal 28 135N 96w Strip-Coal bank.
Bed H, which is probably equivalent to the Coal- Co.

bank bed of Leonard (Leonard and others, 1925, p. 92) Regent----—-vcmeeeeao 9 134N 95W---do-- Do.
crops out in the eastern part of the county and in Watson----ceccmaeaaa 28 132N 93W --do-- C°?
adjacent Grant County. The bed is 4.0 to 5.0 feet Lambile----cmccmamma 33 132N 91W --do-- C

thick in the southeastern part of T. 136 N., R. 92 W.,
and about 6 miles to the south, near the Cannonball

River in sec. 35, T. 135 N., R. 92 W., it is 4.5 Stark County

to 6.0 feet thick. At another outcrop in sec. 24

T. 135 N., R. 94 W., the average tﬁickness of the Geography and geology. --Stark County is north

bed is 4. 3 feet, Where it is known as the Coalbank of Heftinger County and south of Dunn County, in the

bed, in the valley of the Cannonball River between central part of i.;he lignite-bearing area .of North Dakota.

New England and Regent and in the valley of Coal- The population in 1950 was 16,121, of whom 7, 467

bank Creek in Tps. 134-135 N., Rs. 96-97 W., it lived in chkmsor.l,. the county seat. The main 11n§ of
the Northern Pacific Railway crosses the county via

is more than 10 feet thick close to the junction of . :
the four townships listed. ] Dickinson, Richardton, Taylor, Gladstone, South Heart,

and Belfield. The railroad follows the valley of the

Bed J, which crops out in T. 136 N., Rs. 94-95W., Heart River west of Gladstone. (See fig, 17.)
probably underlies an area of only about 20 square A R .
miles. yIts thickness ranges froni, 4.0 to 8. O%eet in The county is in the Missouri Plateau. The valleys
secs. 7and 8, T. 136 N., R. 94 W are broad and in some places show badland topography,

2 T . though not to the extent that prevails farther west in the
; PO Little Missouri River valley. Surface elevations range
. Reserves and production. --The lignite reserves N X
of Hetfinger County are 12, 653 million tqélns, as from about 2, 100 to 2, 700 feet, the higher land being
summarized below. Figures by townships are given in the western part of the county.
in table 25.

) ‘ Lignite beds. --Of the 10 beds of lignite in Stark
Estimated original reserves of lignite in County for which reserves have been estimated, the
Hettinger County seven lowest are in the Tongue River member of the
(in miITions of short tons) Fort Union; the three highest beds, beds H, I, and J,
are p0331b1y in the Golden Valley formatlon though
Thickness of Category of reserves their exact stratigraphic position has not yet been
beds (ft.) Measured Indicated Inferred Total determined.
23-5 36 398 8,723 9,157 Beds A and B are believed to underlie the north-
5-10 48 508 932 1,488 eastern quarter of the county, from outcrop data in
10+ 49 242 1,717 2,008 adjacent areas. Bed C is thought to be present in the
eastern third of the county from data in Morton and
Total 133 1,148 11,372 12,653 Grant Counties. In the western part bed K or L of

Leonard (Leonard and others, 1925, pp. 37-46) crops
out at about the horizon of bed C of the eastern portion,
It is correlated with the Garner Creek bed of Billings
County, and is probably the 22-foot bed of lignite
penetrated by the Northern Pacific Railway iwell at

The estimated reserves of the Coalbank bed
are given in table 21.

Dickinson.
Recorded all-time production of lignite in
Hettinger County is 716, 003 tons, of which 187, 783 Bed D (N. P. Ry. Co., 1923), which is correlated
tons were mined from 1941 to 1950. Most past and with the Fryburg bed of Leonard (Leonard and others,
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Tadle 21 original re: of lignite in Coalbank bed, Hettingsr County, North Dakota
{in millions of short tons)
d Inferred reserves

Averaga Average Average Total
Location ihlcknsss | Acres |Ressrves [tnickness | Acres |Reserves |tnickness| Acres |Reserves |®eserves
E . s . 10.57
Tl ol i S SR B P R )
T.136N., R.O6W. P e aes g.s 23,100 207.12 207.12
T.136K., R.9TW. . P .0 11,850 9594 95.94

aee e wae o L6 3.5 425 | 13 2. 3.
Tia ﬁ:%g: 7.5 @5 | 2k ég ﬂég ;‘g’,ﬁx ;é llz.zgg 1%8.'55 égg

;Zi;;::: aim 103 1% 1038 S 2,678 uolgg 5.5 120400 | w2098 | 1850
T.LIN., R.OLW. .. 3.5 525 5422 3.5 0.31 3.53
T.1N., R.9OW, 5.5 75 <97 5.5 9,125 88.10 5.5 5,100 38.24 132.2},

. . . R . 67. 7.2 9,200 106.49 B8.
PR | 83 | B ER| 38 | T hW | B | BB omM| 2
T.1338., R.95W. . 3.5 3,125 19.1Y 19.1

. ® 83, 53,
m s B b g g
Total 3,500 57.94 40,575 | sé1.14 135,750 11,189.90 |1,808.98

1925, p. 140) is exposed in the northwestern Reserves and production, --The estimated reserves
part of T. 139 N., R. 98 W., where the maximum of lignite in Stark County are summarized below; complete

thickness of 12.0 feet is exposed in sec. 8. A
syncline carries the bed beneath the level of the
Heart River east of this area. It is possible

that bed D is the same as the Lehigh bed; which
averages about 11.0 feet thick near the extinct

town of Lehigh, at the present site of the briquetting
plant a few miles east of Dickinson.

Bed E, or the Heart River of Leonard
(Leonard and others, 1925, p. 141), possibly
underlies most of Stark County. The lignite is
6.0 to 11.2 feet thick in the wvalley of the
Heart River in Tps. 139-140 N., Rs. 97-98 W.
It thickens northward from that area and in
sec. 6, T. 140 N., R. 96 W., is 18 feet thick.
It thins to the east and south. The bed is also
exposed in the eastern part of the county in
Tps. 139-140 N., R. 91 W.

Bed F crops out along the lower part of
the Green River, in parts of the Heart River
valley, and in a small area north of Richardton.
(See fig. 17.) The bed is 7 feet thick in sec. 11,
T. 138 N., R. 93 W., and exceeds 5 feet through-
out the northeastern part of that township. It
underlies parts of the northern and northeastern
parts of the county, where it is generally thin
and in some exposures is of less than minable
thickness.

Bed G probably underlies considerable areas
in the northern part of the county. At outcrops
in T. 140 N., R. 97 W., the lignite is 8.0 to
17.0 feet thick; but it thins to only 3.5 to 4.0 feet
to the east in R. 95 W. It may underlie a
portion of the southeastern part of the county,
where a bed at approximately the same horizon
is about 3.0 feet thick.

Bed H crops out in the northeastern part
of the county, where the maximum thickness of
7.0 feet is wexposed in sec. 11, T. 139 N.,

R. 92 W. The average thickness in that area is
less than 5 feet.

Bed I crops out in the southern part of T. 141 N.,
R. 93 W., where its thickness ranges from 2.5 to
6 feet. The bed underlies only a small area in Stark
County.

Bed J, which probably underlies parts of T. 140 N.,
R. 94 W., and adjacent townships,.has a known maximum
thickness of 6 feet, though the average is probably
less than 5 feet.
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figures by townships are given in table 25.

Estimated original reserves of lignite in
Stark County
(in millions of short tous)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total

23-5 105 1,078 15,407 16,590
5-10 151 836 3,077 4,064
10+ 136 1,093 3,815 5,044
Total 392 3,007 22,299 25,698

The estimated reserves of beds D and E are
given in tables 22 and 23.

All-time production from Stark County through
December 31, 1950 is reported as 3, 618, 578 tons of
lignite, taken from more than 100 mines. The 1941-50
production was 1,041, 528 tons; that of 1950, about
100, 000 tons. In that year 11 mines were active, as
listed below:

Mines operating in Stark County in 1950

Name of mine Location Type Bed
sec. T. R.
Andy'S———mmmmmmee oo 34 140N 99W Strip- D?
ThomAS —=m~=m=m— N 28 140N 99W --do-- D?
Marsh---—cm=meoceacee 26 140N 984 --do-- E
Karsky--———-—=————=u- 27 140N 98W --do-- E
Kuchenski----—=eacau 11 140N 97W --do-- E
b2 I S 3 140N 93W --do-- F
Polensky----———=——wum 4 139N 99W --do-- D
05 ) 17 S, 20 139N 99W --do-- E
Dakota Briquetting & 17 139N 95W --do--E or F
Tar Products Co. - -
Dickinson Coal 7,8 139N 95W --do-- F
Mining Co. -
Farm Coal Mine------- 22 138N 91W --do-- D

Morton County

Geography and geology. --Morton County lies
between Stark County on the west and the Missouri
River on the east. The population in 1950 was 19, 240,
almost equally divided between rural and urban. The
principal city is Mandan (1950 pop.. 7, 268); other
important towns are Hebron (pop. 1,414), Glen Ullin




Teble 22, original of lignite in Bed D, Stark County, North Dakote

{in mt1llions of short tons)

Measured reaerves Indicated reaerves Inferred ressrves
Total
A A Average by

Location thickness| Acres | Reserves|thicknsss| Acroes hick Aores eserves
T.141%., R.9IV. 2. 7,962 bo.la 4o
'r.ﬁm.: Riomw. 23 7,962 39.01f  39.01
T.141N., R.93W. . 2.8 7,962 39.01 39.01
T.1408., R.GIW, 2.9 23,0h0f 216,93} 116.93
T.ﬁc}l.: R.92¥. 2.9 23.dio| 116.93) 116193
T,1j08., R.93W, . . . 2.8 23,040 112,90 112.90
T.14OK., R.9hW. .. 2.8 23,0h0| 112.90f 112.90
T.140N., R.95¥, 9.0 82% 12.83 5.3 23,420 iﬁo.s; 163.36
T,140N., R.95%, 2zl 2.9l 7.3 3,540 | §1.75 7.3 19,561 2831 188,62
T Roh: il um | w5 | oais | exm | i | T hod i“"Z%
T.14ON., R.Q5W. . . . . . .
LN P99 32 039 20 1,55 .71 3.0 8.435) .28 Bh
T.139M., R. . 2.6 23,0b0 104.83] 104.83
T.139N., R . 2.8 ,0b0f 112,90 112.90
T.139F., R. . 2.5 5go 2.60 2.8 22,512f 1310.31] 112.91 .
T.139¥., P. 1,189 6.2 3.0 8,882 46.6; 3.0 12,601 66,16 119,83
T.139F., R. 1,297 21..2’3 9.3 6,782 | 128. 11.3 12.767 160.32( 314,25
.1 281 3. 7.5 5,975 92.63 7.5 16,007| 19.47 2&5-73
| gl i | ed | ma| iF| B Nk B8
71 o . 3 . . 3
T.1 77 126 50 1,847 13.91 2.9 119) 107.18( 123.10
T.138N., R.Q1¥, 109 0,53 2.8 1,78 87.36 2.8 20.160 98,78 186.67
1‘.13811.: R. 300 1.5 2,9 2:092 10.214 2.9 11,476 58.22 70.40
T.138N., R. . 2.7 20,077 3l;., B 94,86
T.136N., R.9Lw. . . 2.8 23,040| 112,90 112.90
T.138¢., R.95W, . . . 3.0 23,040 120.96 120.96
T.138N., R.96W. . . 3.0 23,040 120.9¢ 120.96
T.1388., R.O7W. . . 2.8 23,040 112.90| 112,90
T.138N., R,98W, . . 2.3 23,040 116.93| 116.93
T.138N., R.99W. . 2. 23,040| 112.90} 112.90
T.137N., R.91W. 2.8 12,345 59.89 59.R8
T.137., R. 2.7 51 0.2 2.7 15,317 72'33 72
T.1378., R, P 2.7 23,040 108, 108,
T.1378., R. »ﬂg 2.8 23,040 112.90| 112.90
T.137F., R.95W, 2.8 23,040] 112.90) 112.90
T.137N., R.G6W. 2.8 23,00 112.90( 112.90
T,137N., R.97W. 2.8 23,040 112,50 112.90
T.137N., R.98W, 2.8 23,040 112.90{ 112.90
T.1378., R.9O¥. 2.8 18,972 93.03 93.03
Tatsl 1,090 50.80 55,700 | S47.07 752,476 | 4,003.72 | 4,601.59

(pop. 1,318), and New Salem (pop. 875). All of these
towns are on the main line of the Northern Pacific
Railway. A branch of the same system runs north
from Mandan, paralleling the Missouri River. (See
fig. 18.) The principal industry of the county is farm-
ing, but clay products are manufactured at Hebron,
and a smail amount of lignite mining is carried on in
the western part of the county.

The county is in the Missouri Plateau and is a
rolling upland deeply dissected by the Missouri and
Heart Rivers and Muddy Creek. Altitudes range from
about 1, 600 feet in the Missouri River valley to 2, 200
feet on the upland surface. The edges of the stream
valleys contain some badlands, and at many places
the valley walls are steep.

The lowest outcropping rock unit, the Hell Creek
formation of Upper Cretaceous age, is exposed in the
valleys in the southeastern part of the county. Over-

lying the Hell Creek is the Ludlow member of the Fort
Union formation of Paleocene age, which is only 20 feet
thick and is composed of fine, cross-bedded sands,
clays, and some lignite beds of less than minable
thickness (Laird and Mitchell, 1942, p. 17). Above
this thin stratum is the Cannonball formation, which
over a large part of North Dakota is the marine equiv-
alent of the Ludlow member of the Fort Union. - It is
about 300 feet thick, consisting of fine-grained buff
sandstones and gray shales.

The Tongue River member of the Fort Union,
which contains all the known commercial lignite in
Morton County, overlies the Cannonball in the northern
part of the county. To the south and east much of the
unit has been removed by erosion, and although in
small outliers as much as 180 feet of the Tongue River
is preserved, the southern four townships contain -
little Tongue River and, correspondingly, little lignite.

Table 23...Estimated originel reserves of lignite in bed E, Stark County, North Dakota
{in millions of snort tons)

Maasured reserves Indicsted resarves Inferred reserves
Total
Location Average Average Average Teserves
talckness| Acres | Reserves | taickness| Acres | Reserves | taickness| seres |Reserves
. :.1!;1;:,. :.gg. z.g 1,;12 35.25 3 .2-:
SN, R.92w, 2, 7,878 .60 .60
TIUN.) RI43w] 3 Tels| dstiel s
;.}J‘tgg., ;.9;. 2.8 23,040 11?.92 112.92
L14ON,, R.QZW, N 23,050 | 120.9 120..
T.loN. ; R, o OO FE é.s R 112 (Rt
T.140N., R.9bW, . N 23,040 | 161.28 161,28
T, 0N, , R, ;2: e 5.6 23,034 171.39 171.39
T.1,0N., R.gbw, 9.56 10.3 3,816 | - 8l.3 R.3 16,479 | 266,87 360,79
T.14ON., R.97¥, 2.9 10.3 | 15,0 313.73 12.0 7,007 | 147.15
T.UON., R.98W, 13,25 10.0 | 11,3 200,52 10.0 10,38: 215,29 .06
T.1LOR., R.GOW, 8. 0.4 9.5 22,52& 340,65 341,10
T.139M., B.9IW, . . .0 23,040 | 120.96 120.96
/15085 RIgaW, n I .6 zglm‘g S| el
T.139N., R.9IW. - 3.7 898 .7 22,1 103.33 9.1
T.139K., R.GLw, . . .8 23,000 | 153.22 153.22
;g X, ROSH. s 0 RIH e i .5 230 162,50 152.'50
.139¥., P.9b%. . X 3 3,17 .3 15,62 191,67 257.43
T.1390.; ".97¥. 9.8 3,211 49.05 35 10,858 159.62 .0 465 48.51 Flt]
T.139K., R.98W, 7.5 1,185 hi?.ﬁ 7.5 ” zz 5. 7.5 57 gl_r 215.78
T.139¥., R.99¥. 7.5 1,077 . 7.5 8,81 1571 7.5 49! 130, 260.52
T.1386., R, . .. . .. 3.0 21,58 | 112.97 112.97
T.138N., o N . 32 1 '2“§ 111-2& 111.?!;
T.138N., R. 3.2 3.6 5,978 37.66 3 15, %.72 135.59
T,138N., &. s ?.e 23, 153.22 183,22
T.138N., R. . .3 23,040 § 173.38 173.
T,1388., R, 7.0 Ez 0.39 .8 23,002 | 19h.26 194,85
T.138N., R 7.0 s 0.55 .8 22,989 | 229.82 230.37
T.138N., R. . .8 23,251 ggg.aé 253 zlé
T.138N,, Rl . .5 23, .3 20l 31
T, 3.0 16, 87.h9 8
T, 3.2 21,333 | 119.47 19.47
T 3.2 23,000 | 120.02
T, 3.3 23,040 | 133,06 133,06
T, 3.5 23,040 | 1.2 112
T e.s 23,040 1.12
o, .0 23,040 | 161.28 161,28
T o 23,00 161.28 161,28
T, 3.0 18,912 20,29 90,29
8,640 131,40 67,927 736,001 [%,708.96 | 6,908.12
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Figure 18. --Lignite outcrops in Morton County, North Dakota.




Lignite beds. --The lignite-bearing part of Morton
County was mapped by Hancock (1921) and the Northern
Pacific Railway (1923). The outcrops are shown in
figure 18. The lowest bed, bed A or the Deep Vein,
is about 45 feet above'the base of the Tongue River
(Hancock, 1921), and crops out at minable thickness
in the eastern part of the county in Tps. 139-140 N.,
Rs. 82-84 W. The bed is 4.2 feet thick in sec. 18,

T, 140 N., R. 82 W.; it thickens to the northwest and
thins to the southeast to less than minable thickness.

At most measured sections it contains several partings.
In the southern part of the county bed A is the only
lignite in the Tongue River member, but it is less than
2 1/2 feet thick in that area.

Bed B crops out in Tps. 137-139 N,, Rs. 83-86 W.
The thickest outcrop measurement is 7.8 feet in sec. 14,
T. 138 N., R. 86 W.; however, the Deep Mine at New
Salem, where the lignite is 14 feet thick, is believed
to be in this bed. In the northern part of T. 137 N.,
R. 84 W., and in secs. 7and 19, T. 138 N., R. 84 W.,
where the bed was mined in 1949, the lignite is a little
more than 6 feet thick, There is local thinning one or
two miles northwest of that area.

Bed C underlies the northern and western parts
of the county. The maximum known thickness of the
bed is 6.0 feet in sec, 25, T. 138 N., R. 86 W., and
the average for the entire outcrop area is about 3 feet.

Bed D crops out over a wide area inthenorthern part
of Morton County. Inthenortheasternpart it probably
averages less than 4 feet in thickness; farther west, inthe
central part of the county, itaverages morethan 5feet,
the known maximum being 11feet insec. 19, T. 137N.,
R. 87W. Insec. 31, T. 138N., R. 86W., andsec. 19,
T. 138N., R. 87W., where the bed wasbeing mined in
1950, itisabout 7feet thick. Generally speaking, bed D
isvariable in thickness,but of good quality, and contains
onlya few partings (Hancock, 1921, pl. III). Inthe New
Salem area the bed is about 2, 150 feet above sea level.

Bed E crops out along the valleys of Muddy Creek
and its tributaries, in the western part of the county,
and is relatively thlck over large areas, In sec. 13,
T. 139 N., R. 85 W., its thickness is 15 feet. It
thins rapidly from that locality northeastward, and much
more gradually toward the west and southwest, In
Tps. 139-140 N., Rs. 88-89 W., measurements of
7 feet are common, and in the southernmost outcrop
area, in sec. 31, T. 138 N., R. 86 W., the bed is
2. 3 feet thick,

Bed F crops out only in T. 140 N., R. 90 W.,
where its maximum thickness is 10.0 feet The bed
is probably present also in the divide area north of
New Salem.

Bed G crops out in the western part of the county
in Tps. 138-139 N., Rs. 87-90 W.
R. 90 W., the hgmte is 11,5 feet thick; from that
locality it appears to thin regularly to the west a,nd
south. Ina small outlier in T, 138 N., R. 88 W.,
bed probably averages more than 6 feet thick,

Bed H occurs only in small areas of high land in
the northwestern part of the county, though it is rel-
atively widespread in adjacent Mercer, Stark, and Oliver
Counties. In sec, 22, T. 139 N., R. 90 W., the bed
is 5. 6 feet thick.
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Bed [ is in the divide area north of New Salem in
parts of Tps. 139-140 N,, Rs. 86-87 W. (N. P, Ry.
Co., 1923). In sec. 18, T 139 N., R. 85 W., the bed
is 9 to 15 feet thick. It thins to the north, but probably
has an average thickness of 7 feet over most of its
outcrop area. Near the border of Oliver County it is
only 3 or 4 feet thick. In addition to the area north
of New Salem, bed I probably underlies small areas
in T. 140 N., R. 88 W., and Tps. 138-139 N., R. 90 W.

Beds J, K, L, M, and O are believed to be present
in small areas near the borders of the county, on the
basis of data projected from Mercer, Oliver, and Stark
Counties.

Reserves and production. --The lignite reserves
of Morton County are estimated at 15, 251 million tons,
as summarized below, The complete estimates by
townships are given in table 25.

Estimated original reserves of lignite in
Morton County
(in millions of short toms)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total
23-5 217 1,435 11,156 12,808
5-10 339 1,302 468 2,109
10+ 42 286 6 334
Total 598 3,023 11,630 15,251

All-time production of lignite in Morton County
through December 31, 1950, is reported as 1, 708, 295
tons, of which 335, 369 tons was mined in the years
1941-50. The highest annual production was 67, 000 tons
in 1923; the output in 1950 was 31, 637 tons, In that
year ten strip mines and two underground mines were
in operation. As the cover over the lignite in large
parts of the county is thin, it is probable,that strip-
mining will increase in the future.

Mines operating in Morton County in 1950
Type Bed

Name of mine Location

sec. T. R.

In sec. 25, T. 139 N.,

Bethke-=-m-mmmmmmeue 8 137N 84W Strip- B
Herman Bethke--=---- 8 137N 84W --do-- B
ThOP==m=mmm e mm e oo 31 138N 86W --do-- D
Thiel-—=cmmo—mmemeem 34 138N 87W --do-- D
[ R 19 138N 87W --do-- D
Deep Mine Coal Co.--21 139N 85W Shaft--+ A
Timpe and Nellis----23 139N 86W Strip--C or D
Richter-=-=memmeuem- 13 139N 88W --do-- E
Flemmer--m-=--===m=m- 19 140N 85W --do-- I
Harnisch---~=ce-==mn 140N 9OW 'Slope-- E

Grant County

Geography and geology. --Grant County is in the

southeastern part of the lignite-bearing portion of
North Dakota, south of Morton County and north of the

Cannonball River.

persons, most of whom were engaged in farming.

The population in 1950 was 7, 109

The

principal towns are Garson, the county seat; Elgin,
Leith, and New Leipzig, none of which have as many

as 1,000 inhabitants.

Branch lines of the Chicago,



Milwaukee, St. Paul,and Pacific Railroad and the
Northern Pacific Railway serve the county. (See
fig. 19.)

The county is part of the glaciated portion of the
Missouri Plateau and the topography is generally one
of low rounded hills, though a few buttes rise above
the general level in the western part of the county.

The plateau is incised deeply by the Heart and Cannon-
ball Rivers and their tributaries, which have cut broad
valleys. Altitudes range from about 1, 600 feet in the
valley of the Cannonball River to about 2, 400 feet in
the western part of the county.

The Hell Creek formation of Upper Cretaceous
age crops out in the valleys in the eastern part of the
county. (See pl. 1.) It is about 350 feet thick and
consists of dark shales, yellow sandstones, and a few
beds of lignite which are generally less than 2 1/2 feet
thick. The Hell Creek is overlain by the Cannonball
formation of Paleocene age, which is of marine origin
and contains no lignite. Overlying the Cannonball is
the Tongue River member of the Fort Union formation,
which crops out over most of the western part of the
county and is composed of shale, clay, and a number
of thick beds of lignite. The highest formation is the
White River formation of Oligocene age, which caps
the highestibuttes in the western part of the county.

Lignite beds. --Of the nine lignite beds in Grant
County for which reserves have been estimated, the
lowest is in the Hell Creek formation, the others in
the Tongue River member of the Fort Union. The
unnamed bed in the Hell Creek crops out at minable
thickness in parts of secs., 33-35, T. 130 N., R. 88W.,
and secs. 2and 3, T. 129 N., R. 88 W. (Seefig. 19.)

The lowest bed in the Tongue River member of
the Fort Union, bed A, does not crop out in Grant
County but is believed to underlie parts of T. 137 N.,
Rs. 88-90 W., on the basis of data projected from
Morton County, and from mine measurements in the
Heart River valley. The next higher bed, bed B, is
also assumed to be present under the three northern-
most townships of the county, from outcrop data in
adjacent counties. The lowest outcropping bed in that
area is bed C or the Haynes bed (Lloyd, 1914, p. 268),
which is exposed in the western part of the county at
thicknesses ranging from 6, 0 feet in sec. 8, T. 131 N.,
R. 90 W., to 3 feet in sec, 36, T. 137 N., R. 89 W.

In the central and southwestern parts of the county the
bed is thinner; it is only 1.1 to 1.3 feet thick in secs. 11~
13, T. 133 N., R. 90 W., but increases in thickness

to 2.8 to 3.0 feet to the north.

Bed D is about 50 feet higher in'the section than
the Haynes bed. Its outcrop area is about the same;
its average thickness is 7 feet in T. 137 N., R. 88W.,
and thins westward to 4. 3 feet in sec, 12, T, 137 N.,
R. 90 W. In the western part of the county the bed is
generally less than 5 feet thick; in the northeastern
part of T. 133 N., R. 88 W., however, it is 8.5 feet
thick.

Bed F is probably present in a narrow belt north
of the Heart River, where its average thickness is
3 feet.

Bed G occurs in the northern parts of T. 137 N.,
Rs. 88-89 W., at an average thickness of 3.0 feet.

55

The bed occupies several small isolated areas in the
upland north of the Heart River.

Bed H crops out in the western part of the county
in Tps. 134-136 N., Rs. 89-90 W. Its thickness
ranges up to 6,0 feet in sec. 35, T. 135 N., R. 90 W.
The bed thins gently toward the north and is only
2.9feet thick in sec. 1 of the same township. Farther
south the average thickness is about 4. 5 feet.

Reserves and production. --The lignite reserves
of Grant County are estimated at 4, 657 million tons,
as summarized below. The complete estimates by
townships are given in table 25.

Estimated origlnal reserves of lignite in
. Grant County
(in millions of short tons)

Thickness of Category of reserves
beds (ft.) Measured Indicated Inferred Total
23-5 9k 689 3,055 3,838
5-10 181 457 149 787
10+ 21 11 - 32
Total 296 1,157 3,204 4,657

Estimated reserves of the Haynes bed are givén
in table 24.

All-time production of lignite from Grant County
is reported as 659, 631 tons, of which 248, 638 tons
was mined in the years 1941-50, In all, about 66 mines
have been reported as operating in the county, of which
eight, all but one strip mine, were in operation in 1950.
The names and locations of the mines were:

Mines operating in Grant County in 1950

Name of mine Location Type Bed
sec. T. R.

Davenport------- 34 134N 9OW Strip- Haymes.
Ketterling------ 26 134N 9OW Drift- Do.
Zeller-—-—------ 17 134N 88W Strip- Do.
Stelter-----—---- 6 1%3N 89W --do-- Do.
Comet--=——o—mmae 3 133N 884 --do-- Do.
Laheweee- —————— 1 133N 884 ~--do-- Do.
Kolbank-==m===m- 7 133N 87W --do-- Do.
Coffin Butte---- 35 132N 9OW --do-- Do.

Sioux County

Two thin beds of lignite are reported (Calvert
and others, 1914, fig. 1, pp. 41-42) in T. 129 N.,
R. 88 W., in Sioux County. Denson (1950, p. 18)
reported that only in one tract of about 40 acres in
"that general vicinity is the lignite thick enough tomine.
He also mapped a bed in T. 131 N., Rs. 83-84 W.,
which was nowhere more than 2 1/2 feet thick. On the
basis of data now at hand, the lignite of Sioux County,
all of which is in the Hell Creek formation, appears
too thin for economical development, and no reserves
for the county have been estimated.

Emmons County

Two lignite mines were reported in Emmons
County (Wilder and Wood, 1902). They were in



9g

EXPLANATION
| M - o R— T _0 N Coal outcrops Coal mines
@ w Less than 2 I/2 feet thick - Underground mines----- SIRRRY 3
l Rive, 2 1/2 to 5 feet thick —=—=~~~— Abandoned underground mines- ®
' s 5 10 10 feet thick =-—-—--=-=  SHrip MiN@Sg: - - - orreeeeo R
‘DI LA I More than 1O feet thick Abandoned strip mines -~ %5
|$Miles

m/ Cannon
Solen Ball

]

V\/&”osslﬁ
E
N

_

2SS
o

FT YATES p z
S
cree
Q'——-—g_g*ﬂq ‘\“& { - g,\lf Y Selfridge ¢
NK Rl 3
S S,
<29 s \ D
JLo_meow | es_ | _se | er | _ee _|_ s | s s s2_ o | _ s |_rzw
S 0] u T H D A K (o} T A
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Tablo 2j.--Bstimated original reserves of lignite in Haynes bed (bed C), Grent County, North Dakota
(in millfons of short tons)

Measured reserves Indlcated reserves - Inferred reserves
Total

Location Lotoreg2 | noros |Roserves |chickngss | Acres |Raserves hloences| cres |Reserves | T02OTeR

T,137¥., n.éew. 2.8 65 0.32 2.8 2,597 12,7 2.8 13, 66.98 80.0,

e oe 23 A I I N 0 I I e

T.136%,, R.88W, oes aee e 2.8 1,059 5.19 5.19

31 B RS sl B R SR o3| wah) W &R

HECHE | | B 8| 8 |3 B8R AR R G

T.134N., R.86W. 3.0 6 0,3 . 0.

T nom >3 2 2:?% ks ol B 15:3; R R

T Ao a IO B Y O o 7S Y -2~ Y I {4

T.133N., n.eg:l'. 2.6 5,820 2'6.!;8 26.48

T.133K., R.80W. 2.6 7,539 3430 34.30

BRERE | ove | e | om|om || s B | 2B B8 B4

i RS O B Rl IR - 3 B - B e O 3 B i R4

R BEOl LB sBY B | LB 2B oo sl un] &N

Total 5,221 30.54 2,h37 222,09 237,847 | 1,146.43 | 1,399.06
T. 135N., R. 75 W., where 2 1/2 feet of lignite was was produced. In all probability there had been some
recorded, and in R. 78 W., where the bed was 2.0 feet operations prior to that date, and it is almost certain
thick. The lignite is in the Hell Creek formation and that in the early years of settlement in the State, a
is not of commercial thickness by present-day standards. considerable amount of unreported mining was carried

on for domestic uses. The first fairly large-scale
The Turtle Mountains operations were opened to supply railroad fuel.

The Turtle Mountains are in northeastern Bottineau Total all-time production from Nerth Dakota,
and northwestern Rollette Counties, extending north- through 1950, is 70, 751, 824 short tons, The growth
ward into Canada. A three-foot bed north of Dunseith of the industry has been remarkably uniform, no one
was mined for a short time (Babcock, 1901, p. 71; year being far out of line with the general trend. (See
Wilder and Wood, 1902, p. 162). With the information fig. 20.) In terms of annual production, the 500, 000-
now available it is not possible to estimate the reserves, ton figure was passed in 1915; the 1, 000, 000-ton figure
if any, in this area. in 1922, Production held its own during the depression

years and reached &, 000, 000 tons in 1937 and 3, 000, 000
LIGNITE MINING IN NORTH DAKOTA tons in 1949. (See table 2.) Mining is, however, a
relatively minor industry in the State at the present
Production time, the number of miners employed in 1950 being
only 475 according to the report of the State Coal Mine

The earliest year for which lignite production was Inspector. This figure does not include many farmers
reported in North Dakota was 1884, when 35, 000 tons who mine lignite for their own use on their own land,
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Figure 20. --Chart showing production of lignite in North Dakota, 1884-1950, and number of operating mines, 1927-50.
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and the fuel thus recovered is not included in the
production totals.

Mining methods

The history of mining in North Dakota is largely
one of a shift from underground to surface methods of
recovery. No figures on the comparative totals mined
by each method prior to 1927 are available, though it
is known that most of the coal in the early days was
mined underground by drifts and slopes. In 1927, the
reports show that 146 underground mines produced
916, 690 tons, while 81 strip mines were producing
612, 464 tons. It will be noted that strip mining was
used on a large scaie in North Dakota long before it
became common in most other coal-preducing states;
the strip-mined coal of the State in 1927 was 40 per-
cent of the total production, as compared to 2 percent
for the nation as a whole. The percentage of strip-
mined lignite has increased since 1927, reaching,
in 1950, 86 percent of the total, as compared with
22 percent for the nation.

The reason for the growth of surface mining in
North Dakota is not hard to find, Most of the rocks
above and under the lignite beds are soft and uncon-
solidated, sc much so that in most underground mines
it is necessary to leave two feet or more of lignite in
the roof, and in some areas a comparable amount in
the floor, to furnish solid bearing surfaces for the
timbering. Comparatively large pillars are also
necessary, and low recovery of the lignite is unavoid-
able. By contrast, comparatively thick beds of lignite
lie not far below the surface over wide areas, and by
utilizing the great capacity of modern earth-moving
machinery large tonnages can be strip-mined safely
and economically. It is safe to say that in the fore-
seeable future a very large proportion of the lignite

mined in the State will be recovered by surface methods.

Recoverability

Few figures as to the actual recovery of lignite
from North Dakota mines are available, though one
company operating a strip mine reports that it recovers
1,200 tons per acre-foot, or approximately 70 percent
of the lignite originally in the ground. This recovery,
low as compared to many stripping operations, is
probably due to the necessity of leaving some lignite
in the floor of the pit to control mud conditions. As
stated in the preceding section, recovery from under-
ground mines in North Dakota is lower than the average
for the Nation because of the use of large pillars and
the leaving of coal in the floor and roof.

In the absence of definite figures applicable to
the State, it is assumed that the average recovery of
lignite in North Dakota, including both strip and under-
ground mines, is in line with the estimate of 50 percent
mining losses given by Averitt and Berryhill (1950).
On that basis, the recoverable lignite reserves as of
January 1, 1950, would be 50 percent of the 350, 768
million tons of remaining reserves as of that date, or
175, 384 million tons.

UTILIZATION OF THE LIGTTTE

Most of the lignite mined in North Dakota is used
for domestic heating, for industrial uses such as evap-
oration in the sugar refineries in the State and in
adjacent Minnesota, and for steam-raising in thermal
power plants, One large producer of lignite ships
about 75 percent of its output to industries, and, for
the State as a whole, Burr (1951, p. 8) states that
65 percent of the production of the State is used in
generating electric power. The fuel is generally used
on standard stokers and travelling grates, only a small
amount of specialized equipment being used.

Some of the lignite that is to be shipped is dried
before shipment, a process which, because of the high
moisture content of the fuel, potentially reduces freight
charges as much as 40 percent and alsc minimizes-the
tendency of the lignite to slack and to ignite spontaneously.
Drying methods are of two types: the flash-drying
process, in which hot flue gases are passed over the
lignite to drive off most of the moisture, and the steam-
drying process in which the lignite is subjected to steam,
under pressure followed by a rapid release of pressure.
In the second process the heat adsorbed by the lignite
drives off the steam at the reduced pressure; an ad-
vantage of the method over the flash-drying process
is that larger lumps can be dried. Another method
of processing lignite is by carbonization. The lignite
is heated in closed retorts and yields water, some gas
and light oils, moderate amounts of tar, and char. In
the briquetting plant near Dickinson the char is combined
with binder and pressed into briquettes. In 1950,
production was 35, 388 tons of briquettes, which com-
pare favorably in heating value with some of the higher
rank coals.

Although not now on-a commercial basis, gas-
ification of lignite has been accomplished and has
definite economic possibilities. The gas produced
is high in hydrogen and hence is suitable for use in
hydrogenation of fats and oils and the production of
nitrates for explosives or fertilizers. The gas may
also be used in the manufacture of synthetic liquid
fuels.

In addition to its obvious value as a fuel, the
lignite of North Dakota has possibilities as a raw
material which can be converted by chemical means
to a wide variety of products; in fact Burr (1951) thinks
that the greatest future usefulness of the lignite lies
in its chemical activity. Leonardite, apparently
produced by the natural weathering of lignite, is proc-
essed to form wood stains of superior quality and to
form a stabilizing agent for mud used in oil and gas
well drilling. Gas from the lignite may be used for
domestic purposes, and experiments are being made
in the reduction of the low-grade iron ores of Minnesota
by hydrogen or by the use of lignite char. As research
into the chemistry of lignite is still in the early stade
of development, it is reasonable to expect that many
additional uses will be found in the future.
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Table 25,--Estimated original lignite reserves in North Dakota, by county and township.

(in millions of short tons)

Measured reserves

Indicated reserves

Inferred reserves

Total in all categories

In beds In beds In beds In beds In beds In beds In beds | In beds In beds In beds In beds In beds
Township 2 1/2 to 5 to more than | Total 2 1/2 to 5 to more than| Total 21/2 to | 5 to more than| Totel 2 1/2 to 5 to more than | Towmsblp
5 feet 10 feet { 10 feet 5 feet 10 feet | 10 feet 5 feet |10 feet 10 feet 5 feet 10 feet 10 feet Total
thick thick thick thick thick thick thick thick thick thick thick . thick
Adans County
T,.132N., R.O7W.. cvee ceee cese esee cone 6.73 coes 6.75 6.73 ceee cove 6.73
T.132N., R.98W. cees ceve coee esee coee 19.56 49.10 347,90 19,66 49.10 279.24 347.90
T.131N., R.O1W. cese cone 2.61 8,60 senw 7.63 7.83 18.74 18.74
T.131N,, R.92W, cees cece 16.58 87.39 eeee 15.91 15.91 119.88 119.88
T.131N., R.93W. 0.06 coss 11.24 43.98 veee 59.29 59.29 114.45 114.51
T.131N,, R.94W. ceee seve cren 0.45 esee esee caes 0.45 0.45
T.131N., R.9SW. oo cees ceae cose cese 2.39 vens . 2.39 2.39
T.131N,, R.96W. veee cees ceee ) eeee cene 56.09 eves ceee 56.09 56.C9 56.C9
T.131N,, R.O7W. cese cese cess aeee cens cees 71.71 116.75 oo 188.46 71.71 cese 188.46
T.1318., R.98W, sees cesse e “eee ceee 7.28 0.32 185,80 168.89 356.11 0.32 214.19 407.69
T.130N,, R.92W. 4.14 0.85 0.79 0.07 coes vene 0.07 15.28 cees 16.82
T.130N., R.93W. 0.71 1.82 0.61 cere e ases cers 2.43 cese 4,86
T.130N., R.94W. ceasn 4,99 6.79 cese ceee cies ssee cere sees 11.78
T.130N,, R.95W. csee sese . 17.€8 sess cess 17.58 17.88 eves 17.58
T.130N., R.96W. seee cene 152.62 coae cees 152,62 152.62 ceee 152.62
?.130N,, R.97W. soee 3.03 41.39 59.21 98,72 cese 157.93 59.21 doee 202.35
T,130N., R.98W. coes 17.81 58.78 0.80 2.50 sees 3.30 4.10 54.07 137.26
T.120N,, R.94W. sese cese voee aens sese cere coes cese cene cees eeee 15.86 15.86
T.120N8., R.95W, cese veon cess 4.89 4.89 cees ceen cons cees vees aeee 6.10 €.10
T,120N., R.96W. P eses veee cere cene 5.56 ceee coen 5.56 5.56 ceae sere 5.56
T,129N., R.97W. cous sooa cees aese cees 1.00 cees cene 1.00 1.00 ceee ceve 1.00
T.129N., R.98W. coee 12.21 eses ceen 12.21 8.64 ceen ceuen 8.64 22,03 ceee cees 22.03
County total 28.56 1l68.72 115.64 83.13 367.49 485.01 452.97 448.13 1,386.11 690.13 597.17 569.46 1,856.76
Billings County

T.144N,, R.98W. veee cense 0.43 cone ceve 0.43 | 1,138.60 soes cees 1,138.60 1,139.08 ceee ceen 1,139.03
T.,144N., R.9OW. cene cess veea cane voee cese 491.81 caes seee 491.81 491.81 csee cone 491.81
T.144N,, R,100W, cene ceee coes aeee ceve coos 324.40 eoee cose 324.40 324,40 ceee cees 324.40
T.144N., R.101W. cees cess 5.09 1.20 vene 6.29 348.54 70.22 coes 418.76 353.63 71.42 seee 425.05
T.144N., R.102W. 7.15 53.62 80,77 73,51 126.60 cese 200.11 109.67 43.52 veos 153.19 190.33 223.74 cene 414.07
T.143N., R.98W. 0.06 4.97 cves 5.03 45.87 11.31 57.18 | 1,013.13 cern cees 1,013.13 1,050.06 16.28 saee 1,075.34
T.143N., R.99W. ceve cess seee ceas ceee 402.30 . 402.30 402.30 e cree 402.30
T.143N., R.100W. cova ceee ceee ceee cans veen cess 391.01 14,72 405.73 391.01 14.72 vees 4065.73
T.143N,, R.101W. 0.39 1.00 vere 1.39 19.64 19,73 3.42 42.79 249.59 259.51 509.10 269.62 280.24 3.42 553.28
T.143N., R.1C2W. 17.31 58.55 60.23 133.09 117.30 124.95 46.73 288,98 51.62 23.31 P 74.93 186,23 203.81 106.96 497.00
T.142N., R.98W. vaee vaes 4.61 4.65 cove 9.26 718.81 0.79 vees 719.€0 723.42 5.44 ceen 728.86
T.142N., R.99W. cvee cveo cese ceee cvee cene 442.72 vees cene 442.72 442.72 vean aees 442.72
T.142N., R.1O00W. 2.16 2.16 17.55 22.056 cese 39.60 377.06 .120.91 vose 497.97 394.61 145.12 cene 539.73
T.142N., R.101W, 9.27 11.86 27.94 34.78 8.05 70.77 144.97 288.446 8.41 441.84 175.49 332.51 16.46 524.46
T.142N., R.102W. vess 13.43 9.89 54.17 144.37 188.43 215.81 176.64 5.91 398.36 225.70 210.81 163.71 600.22
T.141N., R.98W. seee 13.69 15.83 cena 124.99 54.43 179.42 261.83 6.13 108.07 376.03 261.83 144.81 164.6€4 571.28
T+141N,, R.90W. 1,96 9.60 11.56 556.44 57.44 22.47 135.35 328.35 15.23 25.70 369.28 385.75 82.27 48.17 516.%2
T,141N., R.100W. 5.62 0.16 7.80 35.81 8.34 15.46 57.61 247.96 190,70 438,66 287.39 199.20 17.48 504.
T.141N., R.101W, csse 5.68 17.86 6.69 11.37 20,87 38.93 239.85 283.82 523.67 246,54 300.87 33.05 580.46
T.141N., R.102W, 2.24 6.99 9.23 1.97 17.94 cens 19.91 249.98 302.40 cees 552.38 254.19 327.33 cave 581.52




Table 25.--Estimated original lignite reserves in North Dakota, by county and township.--Continued.

. Measured reserves

Indicated reserves

Inferred reserves

Total in all categories

In beds | In beds | In beds In beds In beds | In beds In beds | In bedd | In beds In beds In beds In beds
Township 2 1/2 to 5 to more than| Total 21/2 to | 5 to [more than| Total |2 1/2 to 6§ to |more than| Total 2°1/2 to 5 to more than [ Township
5 feet 10 feet 10 feet 5 feet 10 feet 10 feet 5 feet 10 feet 10 feet 5 feet 10 feet 10 feet Total
thick thick thick thick thick thick thick thick thick thick thick thick
Billings County -— Continued
T.140N., R.100W. cove veve oo veoe cese cese sees coee 249.02 107.23 veoo 556.25 249.02 107.23 sees 356.25
T,.140N., R.101W. cees 0.08 cere 0.08 34.76 35.93 seen 70.6€9. 150.39 239.86 sses 390.25 185.15 275.87 “ees 461.02
T.140N., R.102W, 9.91 14.18 ceen 24.09 100,57 129.46 13.01 243.04 61.60 80.56 coes 142.16 172.08 224.20 13.01 409.29
T.139N,, R.100W. vee ceee ey 2.91 18.15| ceee 21.06 235.78 0.14 242.82 478.74 238.69 18.29 242.82 499.80
T.139N.,, R.101W. 0.87 0.14 1.01 25.22 4.86 core 30.08 116.98 166.77 240.98 524.73 143.07 171.77 240.98 5556.82
T,139N., R.102W. 4.38 10.49 33.98 60.84 75.97 119.36 256.17 85.82 49.78 52,51 188.11 151.04 136.24 190.98 478.26
T.138N., R.100W. seve seen cese “coe seee veoe seow veoe 218,69 sese 427,39 646.08 218.69 ceve 427,39 646.08
T.138N., R.101W, 0.81 cees cese 0.81 29.54 13.82 16.23 59.59 164.94 1.18 434.00 600.12 195.29 15.00 450,23 660.52
T.138N., R.102W. 6.53 55.74 23.04 85.31 34.48 114.47 179.35 328,30 0.60 ve-e 146.24 146.84 41.61 170.21 348.63 560.45
T.137N., R.100W, cess seee ceve seve cers seee 7.31 7.31 105.51 sene 629.76 655.27 105.51 cees 537.07 642.68
T.137N., R.101W, 0.27 cees 39.03 39.30 25.74 15.54 277.10 318.38 60.39 eeee 199.21 259.60 86.40 15.54 515.34 617.28
T.137N., R.102W. 2,65 8.22 42,27 53.04 25.34 .58.54 376.24 460,12 cess vese cese eoee 27.89 66,76 418,51 513.16
County total 62.63 251.54 213.45 527.62 750,14 | 1,066.26| 1,304.40} 3,129.80f 9,197.73| 2,441.88| 2,421.00| 14,060.61 10,019.50 3,759.68 ] 3,938.85 17,718.03
Bowman County
T.132N., R. 99W. vsee cees core oo ceen vece vave ceans esee 22,64 633,67 656,31 avee 22.64 633,67 656.31
T.132N., R.100W. seve ares snve cave 2.25 0,07 vese 2,32 51,03 84,54 703.18 838,76 53.28 84,61 703.19 841.08
T.132N., R.101W. 8.83 aese 22.66 31.49 76.75 5.48 144.20 226.43 177.1 4.82 627.20 809.16 262.72 10.30 794.06 1,067.08
T.132N., R.102W. eene cece 77.40 77.40 18.96 3.63 83.16 105.75 147.98 41.61 reen 189,59 166.94 45.24 160.56 372.74
T.132N., R.103W. ceve cese ceen seve vess cone veen veoe seee 177.00 cere 177.00 cere 177.00 svee 177.00
T.132N., R.104W. coee 4,15 8.94 13.09 12.73 67.25 30.68 110.66 evee 147.55 20.27 167.82 12.73 218.95 59.89 201,57
T.132N., R,105W, 1,81 8,58 3.14 13.24 10.21 8.01 38.46 56.68 ceee cees ceee ceee 11.72 16.60 41.60 69.92
T.131N,, R. 99W. esve 26.92 26.92 cene cens 19.€7 19.67 veen 662.02 662.02 sens 708.61 708.61
T,131N., R.100W. 2.94 17.84 20.78 ceoe 41.21 57.06 98.27 36.88 454.92 491.80 seee 81.03 520.82 610.85
T.131N., R.101W. seee eeee veve 13.70 0.44 ceee 14,14 63,32 72.63 326.91 204.66 63.76 72.63 341.06
T.131N., R.102W. ceen ceee sees ceos cvve 8,87 8,97 147.85 94,87 XX 242,72 147.85 94.87 B.97 251.69
T.131N., R.103W. cece cese 5.88 5.88 0.73 vese 34.44 35.17 cevs 215.78 cees 216.73 0.73 215.73 40.32 256.78
T,131N., R.104W, 12.55 8.18 cone 20.73 10.51 87.34 4.54 102.39 cens 97.30 cone 97.30 23.06 192.82 4.54 220.42
T.131N., R.105W, vese veee voes sesa 15.58 1.23 ceve 16.81 caee cese ceee cees 15.58 1.23 sese 16.81
T.130N.,, R. 99W. coee 0.13 3.74 0.27 26.80 28.14 25.48 64.13 ceee 89.61 25.75 91.06 121,49
T.130N., R.100W. coon veee cere seee 9.93 9.93 8l1.78 78.36 veee 160.14 81.78 88.29 170.07
T.130N., R.101W. 3.86 cose 3.86 6.82 cese 6.82 127.03 9.39 coes 136.42 137.71 9.39 147.10
T.130N., R.102W. 5.54 0.37 5.91 63.06 56.80 119.86 22,89 33.75 ceee 56,64 91.49 90.92 182.41
T.130N., R.103W. 3.35 10.51 13.86 24,10 72,34 96.44 106.71 cons 106.71 27.45 189.56 217.01
T.130N., R.104W. 2.38 9.15 11.53 19.03 44.98 64.01 1.88 coee 1.88 21.41 56.01 77.42
T.129N., R. OOW. cees ceve cens cevs 0.90 cees sese 0,90 eces coos 44.80 45.70 eeee cess 45,70
T.128N., R.100W. cene 6.26 veee 6.26 ceve 40.20 1.3¢4 41.54 16.44 case 47.75 31.31 62.90 1.34 95.56
T.129N., R.101W. enee 0.06 cees 0.06 3.65( 2.78 20.71 27.14 cone veen 4.22 7.87 2.84 20.71 31.42
T.128N., R.102W. 6.85 cese coen 6.86 22.24 4,05 seen 26.27 coee cose 0.22 20,31 4.03 eene 33.34
T.129N., R.103W, 2.47 oo seee 2.47 9.25 eree voee 9.25 cene seee 3.24 14.96 ssee “oan 14.96
T.129N., R.104W, cove 2.60 coas 2.60 sens ceee PR cens cees vees seee veee 2.60 cove 2.60
County total 47,34 52.94 166.39 266.67 310.74 472,52 444.30 1,227.56| 1,055.93| 1,296.92| 3,173.90| 5,526.75 1,414.01 1,822.381 3,784.59 7,020.98
Burke County
T.164N., R. 88W. cone vess vens coee wsee ceee eeee vees 5.50| ceee vees 5.50 5.50 cone s 5.50
T,164N., R. 89W,. cese sese X covse cove oreae sene cees 27.65 csee cees 27.66 27465 eves censy 27.85
T.164N., R. 90W. vees cens coee vese vees soee ceve cene 26.73 rrx cese 26,73 26.73 sess cees 26.73
T.164N., R. 91W. 2.88 1.67 vere 4.25 7.57 seee oo 7.57 15.69 seee cene 15.69 26.14 1.687 vess 27.81
T.164N., R. 92W. 1.37 1.98 vees 3.35 10.26 1.75 ceee 12,01 17.90 sone seve 17.90 29.53 3.73 ceee 33.26
T.164N., R. 93W. cone ceee cere soes 13.63 cene cees 13.63 15.16 sesse cese 15.16 28.79 cose ssee 28.79
T,164N., R. 94W. oo ceee ceee cese 5.15 vens “eee 5.15 34.98 vves ) 34.98 40,13 cere cene 40.13
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T.183N. R; B88W, cee cese ceee cens ceee oee enve ceee 7877 eoen csns 78.77 78.77 ceon cose 78.77
T.163N.: R. 89W, ...: coes eree sene coos 10.09 6.68 16.77] 114.32 14.72 e 129.04 114.32 24.81 6.68 145.81
T.163N., R. 90W. eses coee 11.05 11.05 evoe 10.90 52.21 63.11 57.28 75.37 29.17 161.82 57.28 86.27 92.43 235.98
T.163N., R. 91W. 0.241 1.67 cree 1.91 7.56 7.95 ceos 15.51 95.12 vone cone 95.12 102.92 9.62 e 112.54
T.163N., R. 92W. 1.28 1.67 eree 2.95 12.63 2.23 eses 14.86 71.88 ceee cooe 71.88 85.79 3.90 ceae 89.69
T.163N., R. 93W. 2.42 cese ceve 2.42 21.27 o cnen 21.27 69.24 cees cene 69.24 92:93 coes cese 92.93
T.163N.. R. 94W, eeee e cens veee 0.78 s ceon 0.78] 235.36 I ceee 235,36 236.14 ceee vese 236.14
T.162N., R. 88W.| 1.21 cese veee 1.21 14.75 eeen eoas 14.75 61.04 esss cees 61.04 7%.00 cese cene 77.00
T.162N,, R. 89W. cese eree coae ceae 1.78 3.61 5.04 10.43 102,23 20.51 PR 122.74 104.01 24.12 5.04 133.17
T.162N., R. OOW,] ceee cese cees esan 8.29 22,51 16.63 47.43 127.54 0.34 sevs 127.8 135.85 22.85 16.63 175,31
T.162N., R. 91W,| 1.58 2,08 cees 3.66 27.22 25.69 evee 52,91 94.83 sese PR 94. 123.63 27,77 ceae 151.40
T.162N., R. 92W.| 3.34 9.24 cone 12.58 9.62 12.68 PR 22,30 111.65 cees ceen 111.6 124.61 21.92 veess 146.53
T.162N., R. 93W.| eaee 47,35 cane 47.35 10.18 62.78 ceee 72.96 100.74 1.79 cees 102.53) 110.92 111.92 sees 222.84
T.162N., R. 94W. ceee 27.68 caee 27.68 “ree 76.07 vees 76.07 213.13 68.40 seee 281.53] 213.13 172.156 caee 385.28
T.161N., R. B9W.| cvee 17.04 cees oo 17.04 104.06 seee 104.06 121.10 ceee cene 121.10
T.161N., R. 90W, 3.65 9.63 27.63 cene 37.26 127.97 2.88 130,85 137.60 34.16 cene 171.76
T.161N., R. O1W,] 17.26 32.68 45,37 ceee 78.05 193.84 42.26 236.1 231.99 99.42 sees 331.41
T.161N., R. 92W.| 3.78 27.92 6.47 ceee 34.39 218.30 ceen 218.3 250,00 6.47 “eee 256.47
T.161N., R. 93W.] csee 0.11 13.97 cese 14.08 237.89 34.07 271.96 238.00 48.04 oo 286.04
T.161N,., R, 94W.| eren eese ceee ceee esen 259.48 15.33 274.81 259.48 15.33 cene 274.81
T.160N., R. 90W., seee ceoe ceee sese 125,91 coee ceee 125.91 125.91 oo 125.91
T.160N., Re BlW. cens ceae caes ceee 162.76 ) ceee 162.76 162.76 cees 162,76
T.180N., R. 92W.] PR eson PR seee 265.57 cees cees 255,57 255,87 cene 2556457
T.160N., R. 93W.| veee cese taese ceve 340,61 ceen 340,61 340.61 cene 340.61
T.160N., R. 94W. cers cese ceee ceee 343.99 PR 343.99 343.99 cans 343.99
T.159N., R. OOW, vase veae ceee 249.06 cees ceee 249.05 249.05 caee cons 249.05
T.159N., R. 91W.| ceee vens ceee 285.33 ceen csne 285.33 285.33 ceee cese 285.33
T.159N., R. 92W. ceee ceee ceee PN 303.93 oo cees 303.93 303.93 ceee ses 303.93
T.159N., R. 93W,| PR ceee PN ceee 314.51 cesn cree 314.51 314.51 cene cere 314.51
T.159N., R. 94W,| ceee PRI vees cees 313.561 enen ceet 313.61 313.61 ceee s 313.61

County total 143.40 238.07 329.70 80.56 648,33 5,513.55 275.67 29.17 5,818.39] 5,776.19 714.15 120.78 6,610.12

Burleigh County

T.144N., R. 78W,| cees csee ceee ceee caes cree cene vees 0.12 cess cese 0.12] 0.12 caee ceas 0.12
T.144N., R. 79W,| ceee eese cene cesn oo veee cree vaen 44.23 258.50 cene 302.73 44.23 258.50 ceee 302.73
T.143N., R. 79W.] S eees cees ceee cese “res 38.60 38.60 caee 289,31 39.24 328.55 cens 289.31 77.84 367.15
T.142N., R, 7SW,| ceee csee 27,47 27.47 ceee veae 33.67 33.67 eoee 167.13 coee 167.13) ceee 167.13 6l.14 228.27
T.142N., R. 80W, coes 2.87 8.73 11.60 eeee 64.18 3.80 67.98 cene 133.37 vese 133.37 “oee 200.42 12.53 212.95
T.142N., R. 81W,| cese 2.79 aeen 2.79 eree 25.€8 cees 25.68 cese 17.€6 T 17.66 ceee 46.13 cene 46.13

County total cene 5.€6 36.20 41.86 cses 89.86 76,07 165.93 44.35 866.97 39.24 949,56 44.35 961.49 151.51 1,157.35

Divide County

T.164N., R, 96W. ceas ceas e eses 4.23 cese cooe 4.23 43.26 csne o 43,26 47.48] eree sess 47.49
T.164N., R. 96W. oo caee 9.32 9.32 3.32 44.22 32.28 79.82 21.35 4.07 ceee 25.42 24.67 48.29 41.60 114.56
T.164N., R. 97W. sees esee cane veee I 0.76 seee 0.76 29.32 1.35 e 30.67 20.32 2.11 cese 31.43
T.164N., R. 98W, PN ceee cese sens cena caese o cees 7.88 cene ceoe 7.88 7.88 coee cans 7.88
T.163N., R. 95W. 1.86 22.34 4.10 28,70 105.81 80.74 46.26 232.81 3.95 ceee 3.95 111.62 103.08 50.36 265.06
T.163N., R. 96W. 2.18 4.59 40.43 47.20 44.74 118.23 221.54 384,51 T2.74 33.48 150.11 119,66 156.30 305.86 581.82
T.163N., R. 97W. ceee ceee 0.03 2.21 oo 2.24 142.84 16.96 159.80 142.87 19.17 162.04
T.163N., R, 98W. e veen Teeee 213.32 vess 213.32 213.32 cees 213.32
T.163N., R. 99W. cees cene ceee cese 170.10 cese 170.10 170.10 eses 170.10
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Table 25,~-Estimated original lignite reserves in North Dakota, by county and township.--Continued.

. Measured reserves Indicated reserves Inferred reserves Total in all oategories
21:{/ 3‘:’ Ig :oda In b:gx 211{/beda Ixsx :eda In beds I;/b.d.l In beds | In beds In/boda In beds In beds
Townshi ° 0 more than 2 to. 0 more than 2 1/2 to & to wore than| ; 2 1/2 to 5 to more than
P |"sTest | 10 feet | 10 rest | ToTnt 5 Teot | 10 faot | 10 reet | °°*' |5 Teet | 10 feet | 10 reet | U1 |5 feet | 10 feet | 10 reet. | TormBIP
thick thick thick thick thick thick thick thick thick thick thick thick
Divide County —— Continued
T.163N., R.100W. ceee eden cere oo cees csee cese seee 110.40 eoes vere 110.40 110.40 cose cene 110.40
T,163N,, R.101W. cese voss ceen s ceee cess cene eses 100.80 cess coes 100.80 100,80 s ceee 100.80
T.1638., R.102W. seee seee YR sene ceee eees ceee seee 100.80 cees ceee 100.80 100.80 e 100.80
T.163N., R.103W. csse coss oo sese sene csee vess v 44.98 cees cece 44.98 44.98 vove 44,98
T.162K., R. 95W. 342,68 37,60 1.50 381.78 360.13 102.55 1.50 464.18
T,162N., R, 96W, 268.29 39.93 8.97 314,19 269.27 54.60 5.97 329.84
T.162N., R. 97W. 226,55 sess sese 226.865 227.51 ceoe cces 227.51
T.162N., R. 98W, 222.23 3.17 ceee 225.40 237.77 88.35 sees 326412
T.162N8., R. 99W, 241.92 cens cons 241,92 241.92]. ) eoee 241.92
T.162N., R.100W. 201.83 cees coes 201.83 201.83 eeee sece 201.83
T.162N., R.101N, 122,49 cees caee 122,49 123,14 “ees cone 123.14
T.162N., R.102W. 79.39 ceee soee 79.39 121.60 cess ceee 121.60
T.162N., R.103W, 53.80 vene cees 63.80 63.80 seee cese 53.80
T.161N., R. 95W. 338.77 vese 338,77 338,77 338.77
T.161N., R. 96W. 301.02 301.02 301.02 301.02
T.161N., R, 97W, 196.79 196.79 106,79 196,79
T.1618., R. 98W. 221.12 veee 221.12 221.12 221.12
T.161N., R. 99w, 241.92 cees 241.92 241.92 241,92
T.161N., R.100W. 221.76 eeee 221.76 221,76 221.76
T.161N., R.101W. 129.66 coee cees 129.66 163.96 163.96
T.161N., R.102W. 81.93 veve esee 81.93 150.86 150.86
T.161N,, R.103W. 62.82 cene sede 52.82 52.82 52.82
T.160N,, R. 95W, 338.82 338.82 338.82 338.82
T.160N., R. 96W. 336,70 336,70 336,70 336.70
T.1608., R, 97W, 330.46 330.48 330,46 330,46
T.160N., R, 98W. 266.44 256.44 256.44 vove cene 256.44
T.160N,, R, ooW, 325.44 325.44 385.44 cese esse 325.44
T+160N., R.100W, 157.98 167.98 157.98 coee coes 157.98
T.1608., R.101W. 278.64 278.64 295.66 cees vece 296.66
T.160N,, R.102W, vees 24.79 165,30 vean 165.30 190,09 coes ceee 190,09
T.160N., R.103W. ceen eece 102.90 seee 102.90 102.90 R e 102.90
County total 21.24 63,41 53.85 138.50 374.48 1,038.32| 6,899.39 136.56 51.36| 7,087.31| 7,284.39 574.45 405.29 8,264.13
Dunn County

T.150N., R. 91W. 1.15 eee seee 1.15 cone vese ceee eese 16.11 ceee eose 16.11 17.26 sese e 17.26
T.160N,, R. 92W, 0.82 sese ssrs 0.82 0,06 seeel ceee 0.08 7.57 eose case 7,87 8.45 sese sons 8.45
T.1508., R. 95W, 35.18 3.12 cees 38.30 28.12 15.93 cese 44.05 76.66 0.90 even 77.66 139.96 19.95 cess 159.91
T,1498,, R, 91W, 44,19 rese vese 44,19 184.86 veee ceee 184.86 413,76 sees eose 413.76 642.81 vers ceee 642.81
T.1495., R. 92W. 104,32 ceee ceese 104.32 162.99 caee ceee 162.99 460,32 sese cves 450.32 717.63 csos sess 717.63
T.140N., R. 93W. 28.45 esee cons 28,45 171.69 9.54 vese 181.13 702.87 115.85 cene 818,72 902,61 125,39 ceen 1,028.30
T.148N., R. 91w, 13.80 evee 13.60 38.05 eoos 38.05 209.24 cree 209.24 260.89 cose 260.89
T.1,8%,, R, 92w. 40.00 5.74 45.74 96.07 1.53 97.60 730,49 730.49 866,56 7.27 873.83
T.148N,, R, 93w, 48.66 0.86 49.52 93.19 vess 93.19 959,93 959.83| 1,101.78 +86 1,102.684
T.,148N,, R. 94W, 5.82 0.31 6013 110.34 20.85 130,99 | 1,296.5) 1,325.25] 1,412.67 49.70 1,462.37
T.148N., R. 95W. 6.27 7.58 ceee 13.85 37.09 27.40 64.49| 1,084.53 0.29 ceoe ’ .82| 1,107.80 35.27 1,143.16
T.148N., R. 96W. 0.22 eeee csee 0,22 7.10 vese 7.10 989.47 cose csse 989.47 996,79 eese 996.79
T.148N,, R. 97, seee “ess cese eess] eeee cere cess esss| 1,062,30 “eve eses| 1,052.30| 1,052.30 cens 1,052.30
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T.1478., R. 91W. 23.51 caee ceee 23.51) 209.69 cese cese 209,69 790.30 ceen eees 790.30{ 1,023.50 vees sene 1,023.50
T.147N., R. 92W. 107.93 5.80 voee 113.73 192.76 21.72 ceee 214.48 404.44 6,40 ceee 500.84 796.13 33.92 eere 829,05
T.147N., R. 93W. 103.06 15.96 seee 119.01 268.86 13.18 esoe 282.04 589.27 11.98 ceee 601.25 961.19 41.11 e 1,002.30
T.147N., R. 94W, 29.39 23.66 35.81 88.85 92.74 146.48 30.62 269.84| 856.65 80.34 csee 736,99 778.78 250.47 66,43 1,095.68
T.147N,, R. 95W. 2.61 3.93 46.62 53.16 vees 58.60 99.77 168.27| 1,067.78 150.89 4.66| 1,225.33| 1,070.39 213.32 161.086 1,434.76
T.1478., R. 96W. 1.78 4.42 veoe 6.20 22.36 21.20 ceee 43.56| 1,508, 16.86 eses| 1,525,40| 1,532.68 42.48 esee 1,575.16
T.147N., R. 87W. 10.89 47.53 cese 58.42 77.26 68,79 cnse 146.06 1,244.85 seee esesl 1,244,85| 1,333.00 116.32 cene 1,449.32
T.146N., R. 91W, 1.96 0.42 cese 2.38 37.69 18.40 oo 56,009 1,183.48 osee 1,168.48] 1,193.13 18.82 coos 1,211.96
T.146N., R. 92W. 54.43 34.88 e 89.31 112.50 136.12 cees 247.62( 1,017.56 94.4 1,111.96] 1,184.4% 264.4C ceas 1,448.89
T.146N., R. 93W. 2.08 esee esee 2.08 48.48 32.68 evss 8l.16| 1,221.71 241.27 1,510.38| 1,272.27 273.95 47.40 1,593.62
T.1468,, R, 94W, 3,09 5,61 1.32 10.02 40.32 13.42 29,30 143.04 | 1,165.27 86.38 1,2564,90| 1,208.68 165.41 33.87 1,407.94
T.1468., R. 95W, sose cooe cees veee esee S5.41 sees 5.41] 1,691.60 173.38 1,764.88| 1,691.50 178.79 cese 1,770.29
T.146N., R. 96W. voos ceee cone esee esee ceen cons evss| 1,745.84 seve 1,745.84| 1,745.84 1,745.84
T.146N., R. 97W. 0.62 cese csee 0.62 14.35 eses caes 14.35| 1,329.06 cove 1,320.08( 1,344.03 1,344.03
T.145N., R. 91W, 0.82 evee 2.48 2.89 40.35 0.77 44.01 945.36 81.56 eves! 1,026,892 948.87 123.77 0.77 1,073.41
T.1456N., R. 92W. eoee 3.56 10.07 48.99 3.04 62.10! 1,002.24 138.47 51.49| 1,192,20| 1,012.31 191.02 54.83 1,267.86
T.145N., R. 93W. 33.13 33.13 0.27 core 285.50 293.77| 1,044.55 0.80 226.09| 1,270.44| 1,044.82 0.80] 561.72 1,697.34
T.145N., R. 94W, 1.45 1.45 6.86 oo 39.21 46.07| 1,122.07 197.88 180.32) 1,610.27| 1,128,93 197.88 230.98 1,567.79
T.145N., R, 95W, ceee ceee coes csee oo evse| 1,699,96 92,01 1.43( 1,693.40| 1,599.96 92,01 1.43 1,693.40
T,1458., R. 96W. vone cens coee cose cons eeee} 1,736.71 eren eeee| 1,736.71| 1,736.71 ceee cees 1,736.71
T.1458,, R. 97W, ores ceee veen coee ceee eses| 1,311.26 cooe eees| 1,311.28] 1,311.26 cone cene 1,311.26
T.144N., R. 91W. sees ceesn 7.56 38.17 66.06 vees 102.23 954,96 26465 cece 980,51 991.13 99,17 cees 1,090.30
P.1448., R. 92V, 1.61 coee 5.25 20.46 49.19 veen 69.65| 1,081.18 109.09 eeve| 1,190.27| 1,103.25 161.92 veee 1,265,17
T.1444,, R, 93W, 3.10 asee 7.07 39.45 27.26 114,74 181l.45| 1,135.93 132.94 16.98| 1,285,85| 1,178.48 164.17 131.72 1,474.37
T.144N., R. 94W. vese cese cone csee coes 14.23 14.231 1,261.66 121.48 31.92] 1,415.06] 1,261.66 121.48 46.15 1,429.29
T,.144N., R, 95W, 1l.44 4.16 5.59 8.456 30.685 48.69 87.79| 1,266.70 183.25 28.98| 1,487.93| 1,275.59 223.90 8l.82 1,581.31
T.144N., R. 96W, 0.24 vees 0.2¢ 34.22 0.15 esne 34.37| 1,562.16 65.38 eeee| 1,627.54| 1,506.62 65.83 cees 1,662,156
T.144N., R. 97W. cese ceee coes 6.57 coes veee 6.57| 1,380.55 eeee eeee} 1,380,56| 1,387.12 cese cees 1,387.12
T,143N., R, 91W, cons seee 1.71 1.71 -8.09 9.07 1.35 16.561( 1,075.64 45.15 eess| 1,120,791 1,081.73 54.22 3.06 1,1368.01
T.143N,, R. 92W. esve 7.56 1.58 9.14 21.83 82.85 8.49 115.17| 1,041.99 1,063.82 151,48 11.82 1,227.12
T.143N., R. 93W. 2.12 0.44 4.02 6.58 47.43 79,07 49,22 175.72 997,20 1,046.76 150.96 59.34 1,257.05
T.143N., R. 94W, 9.53 cese coee 9.53 58.99 0.13 59.12) 1,113.58 1,182.10 0.13 1,182.23
T.1434,, R. 95W. 2.79 cese eeee 2.79 9.98 soee veee 9.981 1,180.88 1,183.65 cooe eeas 1,193.65
T.143N., R. 96W. 5.10 2.07 6.08 13.25 57.90 19.87 36.69 1l4.46] 1,283.13 1,346.13 50.09 47.02 1,443.24
T.143N., R, 97W, 22.42 1.64 4.19 28,25 192.27 20.74 22.18 235.19| 1,319.85 37.91 1.2 1,350.06| 1,534.54 60.29 27.66 1,622.49
T.142N., R. 91W. 8.43 coee 0 .02 31.43 22.58 1.06 55.06 523.43 14.07 vosse 537.50 563.29 36.65 1.64 601.58
T.142N., R. 92W. 11.83 3.58 5 20.53 84.82 17.11 4.30 106.23 618.81 113.84 ceee 732.65 715.46 134.63 9.42 859.41
T.142N., R. 93W. 4.20 5.96 . 10.25 86.37 54.43 1.24 142.04 721.61 18.79 coee 741.40 812.27 80.18 1.24 893.69
T.142N,, R. 94W. 7.42 3.96 11.38 77.06 13.41 cone 90.47( 1,063.11 ceee sseef 1,063.11{ 1,147.59 17.37 seee 1,164.96
T.l42N., R, 95W, veoe ceee esee 20.59 ceee case 20,59} 1,416,.22 cese eess| 1,416.22] 1,436.81 ceve PR 1,436.81
T.1428., R. 96W. 3.18 10,93 14.11 31.74 17.80 ceee 49.64( 1,245.99 0.65 evee] 1,246.64| 1,280.91 29.48 esee 1,310.39
T.142N., R. 97W. 2.982 10.03 12,95 53.49 11.97 cese 65.46 971.48 ceee seee 971.48| 1,027.89 22.00 coes 1,049.89
T.141N,, R. 91VW. 0.76 4.53 caee 5.28 24.93 8,90 eeae 30.83 382.25 ceoe cees 382,25 407.93 10.43 ceee 418,36
T,141N., R, 92W, 1.32 0.50 eees 1.82 22,11 23.25 cens 45.36 680,44 43,91 coee 724.35 703.87 67.66 eses 771.63
T,141N., R. 93W,. 1.54 11.34 ceese 12.88 36.06 100.31 ceee 138.37 623,45 43.58 cees 667.03 661.05 1566.23 esee 816.28
T.141N,, R. 94W. 3.33 14.85 cens 18.18 68.46 29.47 cers 97.93| 1,083.65 18.18 eeesl 1,101.83] 1,155.44 62.50 coee 1,217.94
T.141N., R, 95W, 8.26 1.31 ceen 9.57 92.72 256.43 csee 118.15 872.59 167.27 seesl 1,039.86 975.57 194.01 esee 1,167.58
T.141N., R. 96W, P cene 17.54 17.54 13.94 10.49 62.60 87.03 473.29 402.60 30.45 906.34 487.23 413.09 110.59 1,010.91
T.141N., R. 97W. eean 44.69 31.62 76.31 4.34 97.94 §7.97 160.25 361.43 143.07 veos 505,40 365.77 286,60 89.59¢ 741,96

County totsl 772.27 303.78 194.93 | 1,270.98 ) 3,254.43 | 1,574.62 918,96.1 5,747.91160,000.32| 3,377.68 645.36] 64,023.36| 64,027.02| 5,255.98| 1,759.25] 71,042.25

Golden Valley County

T.144N., R.103W. 5.93 36.05 41.98 7232 103.50 176.82 156,85 157.38 235.10 140.08 375.18
T.144N., R.104W. 9.98 veee 9.98 62.81 veae 62,81 244,99 244.99 317.78 ceie 317.78
T.144N,, R,105W, 8.96 8.74 15.70 106.81 1.72 108.33 136.92 136.92 252.49 8.46 280,95
T.143N., R.103W. 1.92 25,34 27.26 26.11 94.09 120.20 287.39 35.93 PR 323.32 315.42 155.36 cses 470.78
T.143N., R.104W. 27.91 9.89 37.80 143.62 56.35 198.97 217.08 1.49 esee 218.857 388.61 €66.73 cace 456.34
T.1438., R.105W. 3.39 11.79 15.18 656.57 26.88 92.45 111.15 ceee coes 111.15] 180.11 38.67 coee 218.78
T.142N., R.103W. veas 2,52 0.67 3.19 4.61 .34 11.86 373.03 114.58 ceee 487.61 377.64 120.44 4.58 - 502.66
T.142N,, R.104W. 1.71 3.97 PR 5.68 46.72 50.17 96.89 426,31 45.20 ceon 470,851 473.74 99,34 soee £§73.08
T.142N., R.105W. 3.13 ll.84 ceee 14,97 36.26 32.86 69.11 288.93 6.77 cone 295.70 328.31 51.47 voee 379.78




Table 25.--Estimated original lignite reserves

in NortkL Dakota, by

county and township.-~Continued,

Measured reserves

Indicated reserves

Inferped reserves

Total in all categories

In beds | In beds In beds In beds In beds In beds In beds In beds In beds In beds In beds In beds
Towunshi 25142 :o to more than 1/2 to 5 to ore than 2 1/2 to 5 to more than 2 1/2 to 5 to more than
P th:ek loh{ele!c 10 feet | Total 6 foet 10 feet | 10 feet Total 5 feet 10 feet | 10 feet Total 5 feet 10 feet 10 feet Township
o thicl thick thick thick thick thick thick thick thick thick thick Total
Golden Valley County -~ Continued
T.141N., R,103W. sese eeesl cese cese cere cone eece . 301.90 73.58 376.48 301,920 73.58 375.48
T.141N., R.104W. sose sens ceve cone seve veesn e vees 560,64 sees 350.64 350.64 esee 350.64
T.141N., R.105W, soee 5.49 cees 5.49 1.12 57.35 veon 58,47 252.57 2.28 254.85 253.69 65,12 318.81
T.140N., R.103W. 3.12 2+ 3 5.50 140.77 cees 140.77 243.65 ecsee 243.65 387.54 2.38 I 389.92
T.140N., R.104W. 1.54 7.6 9.13 49.82 5,70, 55:52 286.10 oo 286.10 337.46 13.29 e 350.75
T.140N., R.105W. sene cenn voese oo sece esee cese 193.71 veee 193,71 193.71 sene 183.71
T.140N., R.106W. soee eses vaee seve cvee seon vaee 51,08 seen 51.08 51.08 cese eoes 51.08
T.139N., R.103W. 1.10 eens 5.87 6,97 38,99 13.87 48.41 101.27 147.20 8.18 245.81 187.19 104,40 62.46 554.05
Te139N., R.104¥, 5.12 0.08 17.41 22.61 -30.87 15.36 19.62 €5.85 105.82 seen 110.78 141.81 20.40 37.03 199.24
T.139N., R.105W. 0.49 ceve 2.50 2,99 8.70 sese 0.16 9.86 108.32 ceve 106.32 116.51 eese 2.66 119.17
T.1398., R.106W. sene oo saes sese ceee s s cees 54.51 “ee 54.61 54.61 eoee oo 64,61
T.138N., R.103W. 14.88 3.74 18.62 106.77 145.30 ceee 252.07 1.60 47.92 -123.25 195.36 318.61
T,138N., R.104W. 4.75 19,01 23,76 77.96 51.77 129.73 63.65 216.39 148.36 223.52 369.88
T.138N., R.105W. aene sese seee 72.98 11.42 84.40 156.56 201.80 229.84 56.86 286.20
T.138N., R.106W. cooe ases eres 32.79 e 32.79 19.31 19.31 52,10 sese 52.10
T.137N., R.103W. 22.38 36.86 1.17 60.41 140.00 115,47 3.95 2569.42 2.21 veeos csre 2.21 164.59 152.33 322,04
T.1378., R.104W. 10.89 22.48 seee 33.37 74.35 101.70 *enn 176.05 48.82 37.45 oo 86.27 134.06 161.65 295.69
T.137N., R.105W. ceoe “see eee ceee €5.62 36.14 cess 101.76 34.66 33.36 sese 68.02 100.28 €9.50 ceee 1€9.78
T.137N., R.106W. sese veas csee veee 25.99 sees cese 25.99 16.43 seee “ves 16.43 42.42 tese eess 42.42
Te1l36N., R.105W. evea 70.49 57.47 0.68 128.64 6.60 csee 6.60 77.09 57.47 0.€8 155.24‘
T.136N., R.106W. asse 4,33 teee veee 4.33 10.82 eens 10.82 15.15 vees esee 15.15
County total 127.20 - 205,77 27.62 380,59 1,507.17 979.46 78,73 | 2,563.36 | 4,695.81 690.96 8.18| 5,394.95 €,330,18{ 1,876,192 112.53 38,318.,90
Orant County

T.137N., R, 88W. 2.93 23.74 13.05) 39.72 57.80) 77,00 3.12 137.72 259.31 vosn asen 259.31 319.84 100.74 16.17 436.75
T.127¥., R. 89W. 9.52 5.30 sees 14.82 49.32 96.72 vaee 148.04 408.70 133,09 vere 541.79 467.54 235,11 seee 708.65
T.137N., R. 9CW. 4,87 2.28 e 7.156 55.44 3.06 seve 58,50 310.48 esen e 310.48 370,79 5.34 seee 376.13
T.136N., R, 88W, 1.C8 eeee 1.08 10.88 oo 10.85 13.10 seee 13.10 25.03 £5.03
Tel36N.,{R. 89W. 4,89 4.89 39. eese 39,46 84,82 e 84.562 128.87 128.87
T.13€K., R. 20W. 1.90 s 1.eC 32.95 eess 32.95 168.44 vese 168.44 203.29 sees cree 203.29
T.135N., R. 88W. 2.00 veos seen 2.00 21.63 “eee eeae 21.63 29.E cees sese 29.54 53,17 vere sese 53.17
T,135N., R. 89W. 2.91 cree vees 2.91 43.56 even ceee 43.56 269.15 seee vsee 269315 315.62 sees ceee 316.62
T.135N., R. 90W. 2.14 2.48 sees 4.62 15.82 8.70 eoss 24,52 446.37 cene seee 446,37 464.33 11.18 ceee 475.61
T.134N., R. 86W. 0,34 cees sese 0.34 euss vers e sees veae ceaed 0.34 coen aesed 0.34
T.134N., R. 87W. 2.58 vene seese 2.88 4,60 0.43 cere $.03 5.70 5.70 12.88 0.43 evae 13.31
T.134N., R. 8gW. 12.42 6.45 8.45 27.32 37.08 17.55 7.47 62,10 84.86 e4.8¢€ 134.36 24.C0 15.92 174.28
T.134N., R. 89W. 2.66 4.60 7.28 67.59 23.44 ceen 91.03 270,12 271.79 340.37 29.71 cese 370.08
T.134N., R. 9CW. eeee seee e cees 38.76 0.12 vors 38.88 379.€3 379.63 418.39 0.12 ceen 418.51
T.133N., R. 87W. .36 €4.84 vors 65.20 0.46 14.63 coee 15.09 26.48 vers aves 26.48 27.50 79.47 ceee 106.77
T,133N., R. 8SW. 1.76 28.08 oo 29.84 4,91 46.€8 e 51.56 38,74 “ess cess 38.74 45.41 74.73 sree 120.14
T.1338., R. 89w, 3.8 7.16 I 11.04 12.47 25.53 eese 38,00 25.18 senn vevs 25.15 41.50 32.69 tees 74.19
T.133N., R. 90W. 11.37 12.14 sess 23.E1 104.34 23.58 eese 127.92 117.08 0.22 “ase 118.20 233.69 35.94 aeee 269.€3
T.132N., R. 89W. 2.10 cens “eee 9.10 17.37 ceee esse 17,37 14.42 wren eres 14.42 40.89 vees cose 40.89
T.132K., R. 20W. 2.40 21,45 cees 23.85 20.17 119.96 wese 140.13 102.09 1l4.41 sese 116.50 124.66 155.82 eves 280.48
T

T,1318., R. 89%. 1.38 ceies 1.38 3.69 cien sree 3.69 5.07 veee 5.07
T.131N., R, S0W, 9.59 1.93 11,52 50.04 0. cone 5§0.10 69.63 1.99 €l.62
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T.130N., R. 86W. 0.54 ceee vose| 0.54 vers ceee ceee cens. ceee cers wene vees 0.54 ceee veee 0.54
T,130H.,, R. 87¥. 0.90 e cene 0.90 vese cere ceee vese eees aeee vers vees 0.90 cene cene 0.90
T,130N., R..8gW, 1.39 vees vers 1.39 1.15 cece vene 1.15 cere teee vere ces 2,54 veos eees 2.54
T.120., R. 88W. 1,24 ceee cers 1.24 0.18 vere vere 0.18 vess veee cees cees 1.42 cees cees 1.42

County total 24,15]  180.45 21,5 206,10 689.44| 457,43 10.59| 1,157.46 | 5,054.78] 149.39 veeo| 3,204,127 3,838.37] 787.27 32.0¢ | 4,657.73

Hettinger County

T.136N., R. 91W. vese ceus P vens vees P 382.04 vees vens 382,04 382.04 P vese 382.04
T.136N., R. 92W, 5.84 vese cees 5.84 24.19 24.19| 374.12 cens ceee 374.12 404,15 vess cees 404,15
T.136N., R. 93W, cove cess cees vees 2.76 2.76| 338.89 cene vees 338.69 341.45 cees ceee 341.45
T.136N., R. 94WJ] 1.83 12.78 vens 14.61 20.83 31.18| 349.53 veee vees 349.53 372.19 23,13 cese 395.32
T.136N,, R. 95WJ vous 2. 69| 17.84 26.44] 381.23 55.78 vees 437,01 399,07 67,07, cees 466.14
T,136N.,, R. 96W. 0.61 0.6 24,19 24,19| 330.03| 123.05 2.49 455,57 354,83 123. 05| 2.49 480,37
T.136N., R. 97V, ceee soes vees cees 331.30 6.56]  406.74 744,60 331.30 6.56 408.74 744,60
T.135N., R. 91W, cone TP sese ceas 10.92 P ceee 10.92| 446.96 P vees 446.96 457.88 cens vees 457.88
T.135N., R. 92W. 7.27 vees cese 7.27 60.48 vene cens 60,48| 343.98 cere ceen 343,98 411,73 cees vene 411,73
T.1358,, R. 93W, 0.39 cens ceee 0.39 11.88 cees vese 11,88| 403.69 cene cese 403,69 415,96 ceee cene 415.96
T,135N., R. 94W,| oo cees ceee cons 0.46 vere ceee 0.46] 367.46 cens cens 367.46 367,92 cese veoe 367.92
T,135N., R. 95W. cene 2.95 vens 2.95 2.60 95.81, 1.38 99.79| =248.77] 1a37.81 vees 386,58 261,37 236, 57] 1.38 489.32
T.135N,, R, 9€W. cese veee 20.08 20.08 cene 20.02 §8.91 78,93| 221.76 70.22 37.02 329.00 221.76 90.24| 116.01 428.01
T.135N., R. 97W, ceee veee 1.38 1.38 ceee 20,67 20.21 40.88| 242.15 91.22] 501,70 835,07 242.15 111,89 523.29 877,33
T.134N,, R. 91W. - 4.58 15.69 8.74 24.43| 332.76 vess 332,76 348.45 13.32 sees 361.77
T.134N,, R. 92W. 0.10 0.10 7.39 7.39| 406.70 veee 406.70 414.19 vees 414.19
T,134N., R, 93W. 2.32 2.32 33.20 33.20| 388.40 cees 388.40 423.92 cees 423,92
T,134N., R. 94W. ceen JON 5.82 5.82| 300.69 vees 300. 69 306.51 vees 306.51
T.134N,, R. 95W. 1,38 5.97 27.72 cees 88.,10| 246,87 vele 260,00 275.97 78,10 354,07
T,1348., R. 96W. ceos 14.70 14.70 vene 36.09| 131.38 167.47| 170.80 20,62 275,09 170.80 119.76 457.26
T,134N., R. 97W. vere 12.86 12,86 cees 53.81 29.86 83.67 56.30 42.99] 431.12 530.41 56.30 96.80 626,94
T.133N., R. 91W. 0.14 vens 0.14 12.06 vers 12.06| 323,02 vees 323,02 335.22 cees 335,22
T.133N., R. 92W. eeve cees cees cere veee eses| 363,04 cees 363,04 363,04 veus 363,04
T,133N,, R. 93W. 1,97 vene 1,97 20.56 cese 20.56| 404.10 404.10 426.63 cens 426,63
T,133N., R. 94W, 3.83 voes 3.83 31.70 voes 31.70| 272.40 272.40 307.93 307.93
T,133N,, R. 95W. sese cene 90.75 90.75 90.75 90.75
7,133§., R. 96W. vees 55,01 55.01 55.01 vees veee 65.01
T.133N., R. 97W, coee cens vens 13.02 330.1) 13,02 ceee 317.12 330,14
T.132N,, R. 91W. 9.13 eeee 22.16 39,19 94.42 wese | 133.61| 122.68 PO 196.50 171.00 181,27 cees 352,27
T.132N,, R. 92W. 0.82 cene 4.97 17,30 52.21 cees 69,51 130.89 cens 291,29 149,01 216.76 cons 365,77
T.132N,, R. 93W, coes ceee 3.19 10.02 47.46 cens 57.48| 215.09 vess 288,18 225.11 123,74 cees 348,85
T.,132N,, R. 94W. PO cees cees 1.11 vees ceee 1.11 69.16 vees 69.15 70,26 eeee sess 70.26

County total 35.63 49,02 132.61| 397.91| 508.56] 241.74| 1,148.21 | 8,723.38| 931.74]|1,716.81 |11,371.93| 9,156.92 | 1,488.2b} 2,007.57| 12,662.75

McHenry County

T,151N., R. 79W. 7.11 1.10 voes 8.21 3.33 voes vees 3.33 eeee weve coen vese 10444 1.10 vess 11.54
T.151N., R. 80W. 0.51 2,81 9.93 13.25 3.35 21.44 4.24 29.03 0.12 63.96 cees 64.08 3.98 88.21 14.17 106.36
. County total 7.62 3,91 9.93 21.46 6.68 21.44 4.24 32.36 0.12 63,96 PN 64.08 14.42 89,31 14,17 117.90
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Table 25,--Estimated original lignite reserves in North Dakota, by county and township.-~-Continued.

Measured reserves

Indicated reserves

Inferred reserves

Total in all categories

21?/3035 Ig :ods In b:gs 2Ix£/ beds Ig beds In beds In/beds In beds In beds In/beds In beds In beds
Townshi: o o more an | Total 2 to to more than| Total 2 1/2 to 5 to more than 21/2 to 5 to more than
P 5 feet |10 feet | 10 fest 5 foet 10 feet | 10 feet 5 foot | 10 feet| 10 feet | ~°°%t 5 Teot 10 feot | 10 feet | ~omoebip
thick thick thick thick thick | thick thick thick thick thick thick thick
McKenzle County
;
T.154N., R. 97W. cees PR cees U YT 2.13 ceed| 400 cees 4.09 cees 6.22 cens 6.22
T,153N., R. 94W. veee vees ceee veve vees vere 27.17 vene vees 27.17 27.17 ceen vees 27.17
T.153N., R. 95W. 3.09 8.89 ceen 11.98 29.97 88.67 118,64 150.74 89.63 ceee 249,37 192.80 187.19 vees 379.99
T.153N., R. 96W. veee|  23u77 JOOH: 23.77 23.37 ceee 23,37 34.48]| 319.5¢ cees 35¢4.02 57.85 343,31 ceee 401.16
T.153N., R. 97W. 3.76| 14.78 vees 18.54 23.74| 143.05 ceee 166,79 vee.| 305.08 vees 305.08 27.50 462.91 vees 490,41
T.153N., R. OBW. 1.67) 13.57 vees 15.24 14.64 83.55 ceee 98.19 3.85 18.74 ceen 23.59 20.16 116.86 cere 137.02
T,153§., R.100W. veee 3.99 veee 3.99 vees 12.33 veee 12.33 cees ceee veee cene cove 16.32 cens 16.32
T.153N., R.101W. vere O vene ceee cees 20,48 veee 20.48 5.99 11,41 cene 17.40 5.99 31.89 ceen 37.88
T.162N., R. 93W. 4.10 4.42 8.52 31.14 0.75 31.89 44.10 veee 44.10 79.34 5,17 84,51
T.152N,, R. 94W. 6.15 8.80 14.95| 113.44 14.81 128.25| 397.72 397.72 617.31 23.61 540,92
T.152K., R. 95W. 13.49 0.39 13.88 40.45 veee 40.45] 736.04 . 736,04 789,98 0.39 790.37
T,152N., R. O6W. cone cees ceen vees veee veee| 7B9.TE 34,08 823.83 789.74 34.09 823.83
T.152N., R. 97W. 1.38 veee 1.38 19.13 veee 19,13 361.24] 157.21 518,45 381.75 157.21 538,96
T,152N., R. 9SW. 11.47| 36.0¢ 47.51 64.85 | 159.40 224.23] 162.29 141.01 303.30 238.59 336.45 575.04
T.152N., R.1COW. 3.86 3.34 7.20 48.95 65.56 112.51 27.25| 196.52 223.77 80.06 263,42 343.48
T,152N,, R.101W, 2.00 ceee 2.00 34.62 12.31 46,93) 165.62| 154.77 310,39 192.24 167.08 359,32
T.152N., R.102W. vers ceee ceee vees eene eeee| 138,28 vees 138.28 138.28 vees 138.28
T.152N., R,103W, cees cere ceee ceee ceee ceen 35.14 cene 35.14 35.14 veee 35.14
T.152N., R.104W. vers caes veee vene ceen veee 0,33 vees 0.33 0.33 ceee 0.33
T,151%., R. 93W. 0.25 ceee 1.01 1.04 veee 1.04 2.30 veee 2.30
T.151N., R. 94W. 171,11 295.04 425.54 86.72| 196.64 283.36 280. 62 599.39 880,01
T,151N., R. 95W. 8.64 32.29 131.05| 791.63 39.15 830.78 896.95 73,52 970.47
T,151N., R. 96W. ceee eees| 898.70 ceee 898.70 898.70 veee 898,70
T.151N., R. 97W. ceee veeo| 921.26 cene 921.26 921.26 ceee 921,26
T,151N., R. 98W. 5.48 22.83 | 399.47 veie 399,47 427.78 cevs 427.78
T,151N., R. 99W, 0.92 3.01| 317.77 5.89 323.66 321.70 5.89 ceee 327.59
7.151N., R.100W. veee 8.35| 306.55 50,87 357.42 314.90 50,87 ceee 365,77
7,151N., R.101W. cees ceee 128.15| =261.59 1.13 262,72 389.74 1.13 vene 390,87
T,151N., R.102W. 0. ceen 10,97 139.41 vees 139.41 150.45 veee cees 150,45
7.151N., R.103¥. veoe e 7.85| 105.12 vees 103.12 110.97 veee veee 110.97
T.151N., R.104¥. 2.09 reee 13.38 5.55 ceer 5.55 21.02 ceee cene 21.02
T.150N., R. 94W. 37.39| 171.11 coos 208,50 vees 482.27 | 197.84 80.22 331.50 637.13 veee 968.63
7,150N., R. O5W. ceas 19.64 97.11 226.99 | 760.54 73,42 805.82 177.66 97.11| 1,080.59
T,150K., R. 96W. veen veee ceee vees | 1,113.47 1,113.47 ceee veee| 1,113.47
T.150N., R. 97W. cene vees cees ceee | 869,23 869.23 ceee ceen 869,23
T,150N., R, 98W. cees veee ceee vees | 386.64 386,64 vees ceen 386.64
T,160K., R. 99W. cees cene veer ceee veen eeee | 117.14 vees 117.14 cees vees 117.14
T,150N., R.100W. 1.13 vees cees 1.13 ceee veee | 134,85 vees 135.68 ceen cees 135.68
T,150N,, R.101¥, 2.02 veue cese 2.02 veee 21.56 | 124.15 vene 147.73 cens veee 147,73
T,150N., R.102W. 1.56 cone ceee 1.56 cees 10,19 41.81 veee 53.56 vene 53.56
©,150N., R.103W. vers ceee vees eens vers veee | 130.26 cess 130.26 vene 130.26
T.,150N., R.104W, 3.41 veee ceee 3.41 ceen 35,95 41.49 80.85 cens 80.85
T,140N,, R. 94W. 10.90 12,76 ceee 91.62 | 1,010.20 41.71 veee| 1,060.01| 1,120.46 veee|  1,165.29
T.149N., R, O5W. 3.08 coee 57.30 | 1,086.92 9.98 weee| 1,096.90| 1,146.47 eees|  1,157.26
T.149N., R. 96W. ceee cees eeee | 1,366,568 vess eeee| 1,366.56| 1,366.56 weee| 1,386.56
7,149N., R. 97W. veee cees vees | 1,066,687 veee | 1,066.67| 1,066.67 eees| 1,086.67
T.149N., R. 96W. cees cees eees | 362.36 ceee 352,36 35226 ceee cees 352,36
T.149N., R. 99W. cees ceee vees 65.32 veee 65.32 . cene 65.32
T.1498,, R.100W. 50,43 50,43 ceer vees 66,98 vees 66.98 116.41 ceee 116.41
T.149K., R.101W. 3.33 3.33 ceve 13.64 | 205,96 veee venn 205.96 222.93 ceen 222,93
T.1498., R.102W. ceve ceee ceee 1.17 | 116.74 25.83 venn 142,57 117,91 25.83 143.74
T,149N., R.103W. ceee ceee ceee eeee | 145,93 12.38 cere 168,31 145.93 12.38 158.31
T.149N., R.104W. cees cens cees vees | 148.97 cees veen 145.97 145.97 veee 145,97
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T.148N., R. 9 vere ceee ceee ceve cees coee vese | 724.65 cee cees 724.685 724,65 eeee cens 724,65
T.14eN.) R. ooW) JOPR IO cees vees cees cees vees | 141082 cees cees lal.91| 1s1.81 e cees 141.91
T,148N., R.100W 0.06 voss 0.06 22,47 eene cees 22.47 96.26 0,29 coes 96.55! 118.79 0,29 cene 119.08
T,148N., R.101W. 5.67 coes 5.67 17.80 38,26 cees 56.06 171.09 85.99 sees 257.08 194,56 124,25 318.81
T.148N., R.102W. 2.50 9.69 12.19 90.21 51.13 ceve 141.34 | 190,39} 226.590 cese 416.98 283.10 287,41 570,51
T.148N,, R.103W. 1.52 4.45 5.87 38.16 21.80 1.84 61.60 | 261.81F 197.17 2.18 461.16 301.49 223.22 528,73
T,148N., R.104W. 0.74 3.15 3.89 3,61 26.60| sene 30.21 | 126.41 14.17 eene 140.58 130.76 43.92 174.68
T.148N., R.105W. vens 0.17 0.17 1.58 cese ceee 1.58 9.54 cese 9.54 1.2 0,17 11.29
T.147N., R. 98W, 12.98|  47.21 cess 60.19 11.87 4.62 veen 16.49 | 684.22 cees cere 684,22 709.07 51.83 esee 760,90
T,147N., R. 994. 45.77 2.58 eess ] 48.35 34.01 Jo vess 34,01 | 179.45 coes cees 179.45 259.23 2.58 ceee 261.81
T.147N., R.100W. 12.44 8.31 3.66] 24.41 67.63 |  18.45 4.12 90.20 53.81 16.01 vers 69,82 133.88 42,77 7,78 184.43
T.147N., R.101W, 3.63 27.05 6.63 37.31 50.19| 186.06 56.41 292.66 27.89 41.32 T 69.21 81.71 254.43 63.04 399.18
T.147N., R.102W. 2.68 36.49 2.46 41.61 46.43| 129.89 16.87 192,19 | 108.75 34,91 2.87 146.53 157.84 201.29 22.20 381.33
T.147N., R.103W. 0.36 3.11 7.10 10.57 3.62 7.54 23.06 34,22 | 120.5¢ 5.90 7.91 134.35 124.52 16.55 38.07 179,14
T.147N., R.104W. cees 0.24 ceve 0.24 5.23 1.44 JOONN €.67 88.57 ceen cees 88,57 93.80 1.68 ceee 95.48
T.147N., R.105W. 1.31 cees vees 1.31 14.75 [N ceee 14.75 24.54 cees cere 24.54 40.60 ceee cene 40.60
T.146N., R. 9BW.| 0.17 cres cees 0.17 23.09 cees 23,00 | 846.92 846.92 870.18 ceee cees 870.18
T.146N., R. 99W, cove voss ceee 4.70 cese 4,70 | 353.69 353.69 358,39 vees 358,39
T.146K., R.100W. cese coss eise 16.98 sens 16.98 | 173.75 173.75 190.73 cese 190.73
T.146N., R.10IW.]  10.20 21.03 31.23 60.50 37.82 98.32 54.89 54.89 125.59 58.85 184.44
T.146N., R.102W. 1.13 4.69 8.38 0.45 1.13 66.30 85.43 88.81 87.01 5.82 163,49
T,146N., R.103W. 0.79 7.31 vase 8.10 4.30 28.54 71.35 | 150.17 153.62 155.26 39.30 233.07
T.146N., R,104W. 0.95 2.63 cees 3.58 15.12 16.21 31.33 | 145.84 170.78 161.91 43.78 205.69
T.146N., R.105W. cees 1.14 ceee 1.14 3.75 6.97 10.72 45.09 45.09 48.84 8.11 56.95
T.145N., R. 98W, cene cees cees vese cees vees | 990.17 990,17 990,17 cere ceee 990,17
T.145N., R. 90W. eese vees cose sese cese cees | 368,77 368,77 . 368,77 vese coes 368.77
T,145N., R.100W. o sess “res 1.33 ceee 1.33 | 223.64 223.64 224.97 cons ceee 224.97
T.145N., R.101W. 3.04 1.95 4,99 70.09 seve 70,09 | 199.01 200.63 272.14 3.57 ceee 275.71
T.145N., R.102W.| 12.08 34.93 46.99 30.71 51.64 88.42 64.46 71.54 107.23 93.65 6.07 206,95
T,145N., R.103W.| 15,32 116,16 131,481 122,19 57.11 179.30 | 149.38 165.50 286,89 189.39 ceosn 476.28
T,145N,, R.104W. 3.18 11.86 18.16 79.45 26.65 106.10 76,00 95.59 158.60 68.10 3.15 219.85
T.145N., R.105W. 1.35 veee 1.356 25.31 ceon 25.31 0,15 0.15 26.81 vese cees 26.81
County total 384.27 761.04 25.56 | 1,170,87 |2,102.23 |2,116.00 | 308.71 | 4,526.94 ks,eos.sl 2,665.46 16.34 [26,485.31 |26,200.01 | 5,542.50 350.61 | 32,183.12
McLean County
T,150N., R. 78W, 1.19 eens 6.02 7.15 7.16 14.36 N 14.36
T.150N., R. 79W. PO 40.58 79.47 79.47 130.82 vees 130.82
T.150N,., R. 8OW. 3.64 | 163.56 187.07 167.20 23.51 190.71
T.150N,, R. SIW, core voes cens 148.44 203.21 148.44 54.77 203.21
T.150N., R. 82W. cess vess 1.26 | 160.08 ceee 178.84 160.08 20.02 180.10
T,150N,, R. 83W, vees 6,67 96.76 | 129.72 vese 327.43 120,72 301.14 430.86
T.150N., R. 84W. cene s cees | 124,99 124.93 450.28 124.99 200,36 450.28
T.150N., R. 85, cose 6.18 58.32 84.91 143.23 | 116.93 180.47 356,56 116.93 123.64 505,95
T.150N., R. 86W. cene eee 96.31 | 112.90 176.00 398.27 112.90 109.37 504.11
T.1508,, R. a7W. coee vess 10.13 53.21 eees 329.86 53.21 286.78 339,99
T.150N., R. 88W. vere cene sees | 283.00 206.93 283.00 13.93 296.93
T.150N., R. SoW. eees voee cess | 145,72 145.72 145.72 145,72
T.150N., R. 90W. 2.42 vere 21.85 76.71 76,71 100.98 100.98
T.150N., R. 91W. 5.58 seee 0.63 ceee cose 6.21 6.21
T.149N., R. 79V, vone cene vees eeee veee | 112.90 112.90 112,90, cere evee 112.90
T.149N., R. 80W. vees ceee cone eree eees | 120,96 120.96 120.96 veee eeee 120.96
T,149N,, R. S1W. ceee cens ‘eee ceee eess | 141,12 141.12 141.12 cens cens 14l.12
T,149N., R. 82W. ceee ceee cese cese cees | 167.21 167,21 167.21 cene ceee 167.21
T.149N., R. 83W. cees vese cone cese cese | 407.57 407.57 407.57 vees vase 407.57
T.149N., R. 84W. Jop cees veae caes 4.36 | 135.47 477.55 139.83 213.36 128.72 481,91
T.149N., R. 85W. weee | 173.54 207.00 | 103.30 305.67 141.99 64.48 331.23 537.70
T.149N., R. 86W. aves 2.23 120.96 448.85 120.96 223,05 107.07 451.08
T.149N., R. 87W. 153,43 153.43 [ 120.96 251.34 120.96 303.05 ceee 424,01
T,1498., R. 88W. 6.92 6.92 | 253.38 310.34 253.38 63.88 317.%
T.149N., R. SoW. cees eeve | 176,74 176.74 176.74 voae 176.74
T.149N., R. 90W. ceee 9.64 38,60 38.60 52.74 2,13 54.87
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Table 25.--Estimated original lignite reserves in North Dakota, by county and township,--Continued.

Measurad reserves

Indicated reserves

Inferred reserves

Total in all categories

In/peds In beds | In beds® In/pedz In beds | In beds In/bods In béds In beds 21?/2325 Ig :eds In bz::
21/2 to 5 to more than 21/2 to 5 to more than 2 1/2 to 5 to more than i ] o more n
Township 5 feot | 10 feet | 10 foot | TO81 |5 foet | 10 feet | 10 feet | TO®81 |"5feet | 10 feet | 10 feet | o8l "5 feet | 10 feet | 10 feet | ToWREIP
thick thick thick thick thick thick thick thick thick thick thick thick
McLean County -- Continued

T.148¥., R. 79W.] 132.20 132.20 132.20 132.20
T,148N,, R. SCW.| 208,85 206.55 206.55 206.55
T.148N., R. 81W. 185.33 186.33 188.2 185.33
T.1488., R. 82W.| 138,01 138.C1 138.01 veee 138.01
T.148N., R. 83¥. 55.81 67.56 118.34 17.25 135.59
T.148N., R. 84W. 78.54 78,584 114,40 34.86 149.26
T.148N., R. 85W,] 20.53 85.232 118.42 88.90 207.32
T.148N., R. 86W. 37.63 131.69 117.10 98,76 215.86
T.148N., R. 87W.| 47.93 117.95 179.17 71.11 250.28
T.148N., R. 88W, 246,93 261.85 277.76 14,92 202.68
T.148N., R. S89W.| 197.32 197,32 239.71 43.22 282.93
T.148N., R. SOW.| 32,99 32.99 42.74 42,74
T.148N., R. 91W.| veee PR 0.94 0.94
T.147N., R. 79W. 142.52 142.52 142.52 seee sene 142.52
T.1478., R. 80W.| 210.16 210.16 210.16 aree vese 210.16
T.147N., R. 81W. 253.19 253,19 254,01 tene sees 254.01
T.147N., R. 82W. 302.74 302.74 305.10 veee eeve 305.10
T.,147N., R. 83W. 233.00 240,53 306.01 19.61 esee 326.62
T.147N., R. 84W. 36.38 41.36 87.12 50.95 138.07
T.147N., R. B5W. cese sece 2.83 sene 2.83
T.147N., R. B6W. 94,68 cess cers 55.94 67.58 123.52
T.147N., R. 87W. 87.19 9.66 9.66 88.29 32.45 120.74
T.147N., R. BEW. 48.80 76.67 76.67 136.01 7.62 143.63
T.147N., R. 89W. 31.37 7.586 7.85 41.186 24.88 66.04
T.147N., R. OOW.| cene vons seee 0.54 cees 0.54
T.146N., R. 79W,] sese e cens cess Py vees csse eree 140.14 141.66 140.14 1.52 oo 141.66
T.146N., R. 8OW. aens veas e cese vess 26.77 evae 26.77 83.14 197.03 83.14 140.66 cees 223.80
T.146N., R. 81W. 0.97 13.91 vere 14,88 23.58 72.54 I 96.12 108.72 143.91 133.27 121.64 ceee 264.91
T.146N., R. 82W. 3.98 3.71 cese 7.69 50,40 37.23 seee 87,63 263.10 277.43 317.48 56.27 ceve 372.75
T.146N., R. 83W. esne cees cean eese eose sese 0.90 308.42 410.84 309.32 102.42 “ene 411.74
T.146N., R. 84W. 5.15 11.29 eses 16.44 47.38 coes 173.68 21.07 141.4¢ 152.62 179.09 sene 331.61
T.146N., R. 78W. coee 86.30 180.12 86.30 93.82 180.12
T.145N., R. 79W. . cens veos 96.60 ceee 96.60 96.60
T.145N., R. 80W. 44,19 “ees 44.19 36.45 304.41 36.45 405.00 441.45
T.145N., R. 81W. 59.43 veee 66.76 125,91 370.87 133.24 306,84 439.88
T.145N., R. 82W, seee 108,59 “een 154.39 220,02 341.14 270.03 240.44 510.47
T.145N., R. 83W. veoe 67.59 ceen 87.57 244.52 363.51 264.62 194.60 459.22
T.145N., R, 84W, “ees 8.94 31.50 cena 44.06 5.45 63.92 21.34 85.58 106.92
T.144¥4., R. BOW. cess ceve ceee cevs cess veee cone sees 4€5.47 esee 465,47 465.47
T.144N., R. 81W. ceve 3.50 esee 3.50 o 23.58 23.58 vese 115.38 e 142.46 142.46
T.144N., R. 82W.| 3.87 2C,.34 vees 24,21 20.51 26.24 46.75 4.79 56.76 20.17 98.55 127.72
T.144N., R. 83W,| 2.88 19.28 sere 22.18 10.40 35.25 45.85 89,52 89.52 102.80 54453 157.33
T.144N., R. 84W.| “ese 8.58 cese 8.68 cone 31.21 31.21 37.18 39.97 37.1€ 42.70 79.86
T.143N., R. 80W. csee 6.07 2.42 8.49 veee 48.29) 7C.51 veee 368.95 cees 422.87 447.95
T.143N., R. S1W. ceee 9.02 case 9.02 aeee 52.02 52.02 esee 59.42 “ese 120.46 120.46

County total 262.13 305.87 31.75 599,751 1,078.73{ 1,205.48 379,21 2,664.42| 7,927.40| 4,433,365 855.49 [ 13,214.24 2,268.26 5,945.70] 1,264.45[16,478.41

Mercer County
To147X., R. 849%. cene 3.90 3,90 2,49 61,58 cose 64.07 2.39 18.29 cessw 17.88 4.88 80.77 cons 85.65
T.147N., R. 85W. 26.89 3.76 30.85 25.28 42.57 1.04 68.84 24.08 17.03 185.41 226,50 76.18 63.36 186.45 326.99
T.147N., R. 86W. 4.14 26.48 30,62 0.87 13.77 vree 14.84 4.23 sese 140.30 144.53 9.24 40.25 140.30 189.79
T.147N., R. 87W. e 10.65 10,85 vess 8.48 ceee 6.48 coee cess 74,51 74.51 e 17.13 74.51 91.64
T.147N., R. 88W. 0.0¢ 3.11 3.15 0.58 veae cese 0,58 2,76 12.38 50,54 65.58 3.38 15.49 50.54 69.41
T.147H,, R. 89MW. 5.27 30.77 36.04 48.90 46.61 ese 95.51 44.54 155.84 cess 200,38 98.71 233.22 e 331.93
T.147N., R. @OW. 1€.81 veen 18.61 97.25 4.00 voas 101.25 411,92 48.21 ecen 4€0.13 525,78 §2.21 veee 577.99
.
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T.146N., R. 84W, 3.28 2,07 coee 5.35 2.36 4.34 sees 6.69 veee “ese esee anne 5.63 6.41 veee 12.04
T.1484., R. 85W. 10.48 10.15 vese 20,83 68.84| 192.80 coen 261.44 100.31 434475 232.60 767.66 179.63 837.50 232.,60( 1,049.73
T.146N., R, 86W, veos 5.46 5.05 10.51 67.40 54.78 sene 122.18 393.80 184.24 524.16| 1,102.20 461,20 244.48 629.21| 1,254.89
T.1468., R. 87W. 2.28 25.01 12.87 39.96 18.74 92.87 341.22 452.83 193.32 243.92 457.57 804.81 214.3¢4 361.80 8l1.46{ 1,387.60
T.146N., R. 88W, 7.74 16.28 33.58 57.60 54.60 35.14 137.81 227.55 269,29 114.50 485.19 868.98 321.63 165.92 656.58{ 1,144.13
T.146N., R. 39W, 4.82 T7.72 cene 12.54 43.37 86.45 veen 129.82 559.73 382.55 ‘ 942.28 607,92 476.72 easey 1,084.64
T.148N., R. 90W, s cees ceve cees 7.17 eene e 7.17| 1,090.55 63.68 1,154.25| 1,007.72 63.68 esee| 1,161.40
T.145N., R. 84W. 0.32 0,56 eens 0.87 32.01 2.94 seee 34.95 3.62 5.98 e 9.60 36.95 9.47 oo 45.42
T.145N., R. 85W, 16.34 8.84 evnel 25.18 88.22 104.09 veee 192.31 68.84 243.01 9.45 321.30 173.40 355.94 9.45 538.79
T.145N., R. 86W.| 6.24 13.256 3.56 23.05 65.43 141.26 41.19 247.88 149.93 435.77 326.60 812.30 221.60 590.28 571.35 1,183.23
T.146N., R. 87W, veen esss 111.72 111.72 veoe 269.62 269.62 257.47 266.82 503.46| 1,017.76 257.47 256.82 884.80 1,399.09
T.145N., R. 88W. 5.32 23.27 28.59 71.06 213.18 376.09 362.86 356.20| 1,005.23 376.09 439.23 521.88 1,337.00
T.145N., R. 89W. cooe 1.71 vose 1.71 54.42 62.85 768.12 486.06 1,244.18 766455 542.19 ceee 1,308.74
T,145N., R. 9OW, 4.48 2.98 cere 7.46 26.96 48.06 860.71 99.26 959,97 886,29 129.20 o 1,015.49
T.144N., R, B4W. cene 3.53 3.31 6.84 0.80 17.10 20.14 37.84 139.20 ceee oo 139.20 139.80 20.63 23,45 183.88
T.144N., R. 85W. eese 10.36 14.85 25.01 1.51 134.59 36.83 172.73 269.89 £9.80 oo 369.69 271.40 244.75 51.28 567.43
T.144N., R. 86W, 0.51 25.22 eeve 25.73 0.68 126.16 cese 126.84 67.61 2568.11 ceoe 325.72 68.80 409.49 eoon 478,29
T.144N., R. 87W. esve 24,956 63.01 77.96 4.56 112.43 10.71 127,70 100.46 364.20 cees 464.66 106.02 501.58 63.72 670.32
T.144N., R. 88W, 3.48 4.08 292,83 300.37 25.70 48.24 31.48 106.42 176.75 554.07 cene 710.82 205.93 586.37 324,31 1,116.61
T.144N., R, soW, 1.18 44.36 7.96 53.47 45.96 60.56 7.07 113.59 349,18 321.89 case 671.07 396.30 426.81 15.02 838,13
T.144N., R. 90W,. e 38.81 1.17 39.98 5.72 228,55 2.44 236.71 611.65 81.36 ceee 693.00 617.37 348.71 3.61 969.69
T.143N., R. 88W. 8,931 1.72 51.55 62.20 62.77 16.43| 243.18 322.38 362.43 296.96 101.98 761.37 434.13 315.11 396.71 1,145,956
T.143N., R. 89W, 3.42 35.34 0.92 39.68 32.49 45.64 72.65 150.78 6l2.82 1.8 cene 614.42 648.73 82.58 73457 804.88
T.143N., R. SO0W. 19.15 0.25 4.80 24,20 130.90 30.62 16.92 177.44 792.01 31.03 csen 823.04 9l2.06 61.90 20.72 1,024.68
T.142N., R. 88W. 14.20 3.87 19.26 37.52 124.68 10.66| 130.74 266.08 760.33 64,980 228.19 | 1,053.42 899.21 79.43 378.18 1,356.82
T.1428., R. 89W. 11.86 18.65 cose 30.51 160.11 85.84 90.94 336.89 712.48 11.33 71.18 794,99 884 .45 115.82 1s2.12 1,162,390
T.142N., R. 9OW, 34.17 eoee coes 34.17 102.80 sees cees 102.80 624.52 sene evae 624.52 761.49 ceee v 761.49
T.141N,, R, 88W. 10.79 30.38 10.32 51,49 134.10 67.60 26,99 228.69| 1,117.80 55.80 ceen 1,173.60| 1,262.69 163.78 37.31 1,453.78
T.141N., R. 89W, 16.05 6.4 cene 22.48 174.14 20.83 sese 203.97 711.02 0.09 cene 711.11 901.21 36.35 cens 937 .56
T,141N., R. 90W, 15.36 cene cose 15.36 8l.61 cece eeee 8l.61 768.77 sese caee 768477 865.74 ceoe cees 865.74
County total 248.01 425.94 649,61 | 1,323.56| 1,741.31| 2,056.17(1,621.89 5,419.37{13,738.60| 5,683.27 3,747.43 | 23,169.30| 15,727.92| 8,165,538 | 6,018.93 29,912.25
Morton County
T.140N., R. 82W. 2.84 cees 2.84 26.61 vese 26.61 35.74 cece 35.74 65.19 eese cees 65.19
T.140N., R. 83W. 4.85 coee 4.86 73.33 cose 73.33 299,93 ssen 299,93 378.11 esee seee 378.11
T.140N., R. 84W. 15.70 ceve 15.70 119.48 14.11 133.59 439.09 14.71 453.80 574.27 28.82 cone 605,09
T.140N8., R. 85W. 1.73 1.94 3,67 28.68 5.40 34.08 741,69 122.23 863.92 772.10 129,57 eoee 901.67
T,140N., R. 86W. 10.08 0.66 10.74 88.06 1.26 89.31 888,67 78.89 967.56 986.81 80.80 esee 1,067.61
T.140N., R. 87W. 8.48 0.39 8.87 70.22 3.21 84.02 470.40 3.88 474.28 549,10 7.48 567.17
T.140N., R. 88W. 8.02 23.13 31.15 58.30 64.89 123.19 845.65 845.65 911.97 88.02 999,99
T.140N., R. 88W. 14.08 11.87 25.95 77.61 9.06 86,66 496.65 496.65 588.34 20.92 609,26
T,1408., R. 90W. 12.19 13.71 25.90 11.42 49.75 61.17 524.14 524.14 547.75 63.46 ceee 611.21
T,139N., R. 82W. eres coee cese ceas oo esee eses 5.42 “see s 5.42 5.42 eene cene 5.42
T,139N., R. 83w, S.41 vese PR 5.4 28.48 aese 28.48 36.75 PR eoee 36,75 70.64 eese eeee 70.64
T.139N., R. B4W. 2.35 2,08 sene 4.43 40.32 1.68 42.00 41.66 erae ceee 41.66 84.33 3.76 e 88.09
T.139N., R. 85W. 16.42 11.34 32.86 60.62 105.34 155.39 504.7%8 549.74 664.44 671,50 275.89 282.45 1,220.84
T.139N., R. B86W. 3.66 93.97 ceee 97.63 21.47 104.97 216,44 487.27 487.27 512.40 288.94 801.34
T.139N., R. 87W. 1.02 36.74 vese 37.76 6.11 69.79 76.90 559.81 359.81 366.94 106.563 473.47
T.139N., R. 88W. 13.45 20.27 veos 33.72 32.55 55.52 88.07 326.12 326.44 372.12 76.11 448.23
T.139N., R. 89W, 7.23 14.50 0.39 22.12 60.17 18.21 78.38 486.63 486,83 554.03 32.71 587.13
T.139N., R. 90W. 1l.14 15.15 5.39 21.68 101.63 43.28 170.11 877,77 - 677,77 780.54 58.43 30.69 869.56
T,138N., R. B84W. 8.79 2.41 cees 11.20 49.38 8,97 vees 58.35 58.77 eoossn coes 58.77 116.94 11.38 vene 128.32
T.138N., R. 85W. 42.88 1.59 sene 44.47 113,14 20.99 seee 134.13 160.48 5.39 cone 165.87 316,50 27.97 ceae 344,47
T.138N., R. 86W. 10.12 18.98 oo 29.08 22.30 57.73 eceos 80,03 173.64 57.33 eeee 230.97 206.06 134,02 340.08
T.138N., R. 87W. cece 20.33 eses 20.33 8.35 97.95 eess 106.30 519.20 14.74 vooe 533.94 527.55 133.02 660.57
T.138N., R. 88W. case 28.09 coen 28.09 43.02 306.92 cose 349.94 477,33 seee vose 477.33 520.35 335.01 cone 855.36
T.138N., R. 89W. veee 0.37 ssee 0.37 32.14 21.04 ceee 53.18 750.86 seee eone 750,86 783,00 21.41 e 804.41
T.138N., R. 90W. 7.28 1.93 TS 9.21 84.45 13.26 cese 97.71 723.89 cere ceow 723.89 8156.62 15.19 ceee 850.81
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Table 25.--Estimated original lignite reserves in North Dakota, by county and township.--Continued.

Measured reserves

Indicated reserves

Inferrsd reserves

Total in all categories

In beds In bedsa| In beds In beds In beds| In beds In beds In beds|{ In beds In beds | In beds | In beds
2 1/2 to 5 to |more than 2 1/2 to to |more than 2 1/2 to o more than] 21/2 to 5 to more than Township
Township feet 10 feet| 10 feet Total 5 feet 10 feet] 10 feet Total 5 feet 10 feet 10 feet Total 5 feet 10 feet 10 feet Total
thick thick thick thick thick thick thick thick thick thick thick thick
Morton County -- Continued
T.137N., R. 83W. 9.44 cees ceee 9.4 20.15 aaes asee 20.15 0.05 cese ssee 0.08 29.64 cons esee 29.64
T.137N., R. B4W, 4,51 sees ceso 4,5 31.24 veee cene 31.24 cone seee veoe seee 35.76 eees YTy 35.75
T.137N., R. 85W. 1.684 veen cees 1.6 6.63 seee ceee 6.63 e ee seee ceee oo 8.27 eene ceee 8.27
T.137N., R. 86W. 0.48 4.50 veee 4.9 34.85 2.08 cene 36.93 116.28 61.70 csse 177.98 151.61 68.28 aecee 219.89
T.137N., R. 87W, 2,90 14.71 3.18 20,7 39.98 86.31 6.37 132.66 460.41 ceee veee 460.41 503.29 10l1.02 9.55 613.86
T.136N., R. 83W. csse e coedl asee cees 1.97 voes 1.97 1.97 cene eses 1.97
T.136N., R. 84W. 0.35 cese 0.3 veee cere eeee eeoe seee 0.35 eeee 0.35
County total 217.04 338.64 41.82 597.54 1,435.41] 1,301.75| 286.21 3,023.37}11,156.01 468.35 5.54f 11,629.90| 12,808.46| 2,108.74 333.57| 15,250.77
Mountrail County

T.158N., R. 88W. voae 288.65 288.65 288.65 288.65
T.158N., R. 89W. cese 269.43 269.43 269.43 269.43
T.158N., R. 90W. cens 338.69 338.€9 338.69 338.69
T.158N., R. 91W. 338.69 338.69 338,69 338.69
T.158N., R. 92W. 338.69 338.69 338.69 338.69
T.158N., R. 93W. 338.69 338.69 338.69 338.69
T.158N., R. 94W. 353.50 cene seve 3563.50 363.50 353.50
T.157N., R. 88W. PP vene 367.99 ceee reon 367.99 367.99 367.99
T,157N., R. 89W. cece csee 395.82 cses “eee 395.82 3985.82 395.82
T.157N., R, 90W. vere aese 358.856 seee veee 358.85 3568.85 358,85
T.157N., R. 91W. cene ceee 353.92 cone 353.92 353.92 353.92
T.157N., R. 92W. ceoe sees 337.57 sese 337.57 337.57 337.57
T«157N., R. 93W. ceve eese 310,17 cues 310.17 310,17 310.17
T.,157N., R. 94W. cees cees 291.87 cese 201.87 201.87 291.87
T.156N., R, 88W. vees 318.41 cese seee 318.41 318.41 318.41
T.156N., R. 89W, ceos 366491 . cere 366,91 366,91 366491
T.156N., R. 90W. cene 352.29 aees asee 362.29 352.29 seee sene 552,29
T.156N., R, 91W. 4,33 289.29 4.16 eove 293.45 289,29 8.49 cove 297.78
T.156N., R. 92W. 5.58 296.90 3.68 coes 300.56 296,80 9.24 acse 306.14
T.156N,, R.. 93W. cose 302.40 case cose 302.40 302.40 seee voae 302.40
T.156N., R. 94W. cese 262,08 ceve ceee 262,08 262.08 sees seee 262.08
T,155N., R, 88W. ceee 338.69 338.69 358.69 ceee veeo 338.69
T.155N., R. 89W. cees 365.16 365.16 365,16 e sees 365.16
T.155N,, R. 90W. veen 3€9.38 369.38 369.38 cees seee 369.38
T.155N., R. 91lW. 48.61 268.99 279.40 268,99 44.37 17.94 331,30
T.155N., R. 92W. 61.76 267.20 276,27 267.20 43.27 22.74 333.21
T.155N., R. 93W. reey 302 .40 302.40 302.40 vese cese 302 .40
T.155N., R. 94W. eves 302.40 302.40 302.40 seve veee 302.40
T.1548., R. 88W. caee cease 319.55 319,55 319.565 cees cese 319,56
T.154N., R, 89W. cree cvee 263.35 263.35 263.35 sevs sees 263.35
T.154N,, R. 90W. o csee 302.40 302.40 302.40 coese cove 302.40
T.154N., R. 91W. oen cena 310.46 310.46 310,46 sose cses 310.46
T.154N., R. 92W. e 76.64 246.91 246.91 267.78 61.36 vee 329.14
T.154N., R, 93W. vese 20,95 286.83 286.83 300.70 10.31 seee 311.01
T.154N., R. 94W, 9.63 89.60 159.81 159.81 253.36 7.94 vese 261.30
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T.153N., R. S&W. eoos coee cone 241,59 coes 241.59 241,59 cene 241.59
T.153N., R. S9W, 0.61 1,33 vees 294,54 9.73 304,27 296.15 11,06 306,21
T,153N., R. 9OW. coes 23,13 17.28 219.25 101.5¢ 320.79 219.25 124.67 361,20
T,153N,, R. 91W. eone 0.35 woee 293.57 32.77 326,34 293,57 33.12 326469
T.,153N., R. 92W,. ceas 13.98 20.10 242.99 110.28 353,27 242.99 124.26 387,35
T.1538., R. 93W. 9.75 6,07 ceee 164,95 5.78 170.73 174.70 17.13 191.83
T.153N,, R. 94W. 4,39 4.88 Sese 1.13 eone 1.13 5.48 7.15 12.63
T.152N., R. 88W. veoe coee ceee 224,28 eese 224,28 224.28 caee ceee 224.28
T.152N., R. 899, 18.'5¢ eese cees 153,02 cene 153.02 175.20 cees cose 175.20
T.152N., R. 90W, 10. 42.50 40,19 121.16 5.89 127.05 135,67 54,85 48,22 238,54
T.152N., R. 91%. 8.2 29.47, 97.81 142,14 9.38 161.52 158.01 43.76 145.38 347.15
T.152N., R. 92W. vessl, 51.82, 13.13 14.12 7.08 21.17 31,00 67.66 122,10
T.162N., R. 93W, 13. 54| 1.4 12.85 35.96 0.92 36.88 57.41 73.79
T.151N,, R. S8W. ' 227.48 esee 227.48] 227.48 227.48
T.151N., R. 89W. 98.17, 98.17 98,17 98.17
T.151N., R. SOW. 90.01 90.01 114.17 114,17
T.151N., R. 91V, oo 33.87 vese 33.87 51.10 cees 51.10
T.151N,, R. 92W. e 121.07 eous 121,07 154.80 cnas 154.80
T.151N., R. 93W. 30.95 cese 77:45 111,55 veee 111.55 146.48 75.22 226,31
T.150N., R. 92W. 50.62 cove cose 50.62 1.87 roas [N 1.87 87.33 aeas cese 87,33
T.150N., R. 93w, 33.80 PO ceee 33.80 6.82 reen cese 6.82 81.57 eees coae 81,57

County total 356.03 368.05| 233,57 957.65|13,813.88|  310.64 eesef 14,124.52§ 14,318.03|  746.66| 313.09| 15,377.78

Oliver County

T.144N., R, 81W. ceen PP ceee eose cese cose cone 0.06 cees eoee 0.06 0.06 eone vees 0.06
T.144N., R. 82W,] veee rees PRS 1.83 eoes vese 1.83 36.10 23,90 0.25 60.25 37.93 23,90 0.2 62.08
T.144N., R. 83W,| rers cees cees 5.22 ceee cese 5.22 16.10 I 4.39 20.49 21.32 veve 4.3 25,71
T.143N., R. B1W, PPN ceve oo ease 2.28 cess 2.28 8.44 eeve cnes 8.44 10.72 ceee vees 10.72
T,143N., R. 82W. 0.09 5.79 vees 5.88 29.63 8.10 84,80 | 222.89| 122.63 121.62 467.14 252.61 134.52 170.6! 557.82
T,143N., R. 83W, 2,76 6.44 19.57 28,76 34.99 60.83 235,07 222,00 94,72 110.50 427,22 259.74 161,99 269,32 691,05
T.143N., R. 84W, 10,29 36.04 vene 46,33 73.81 149.73 223.54 501.63 18.24 585,63 204,01 Ceees 789,64
T.143N., R. 85W.| 4.41 6.26 ceve 10.67 26.93 52.49 79.42 | 1,101.46 115.53 1,132.80 174,28 1,307.08
T.143N., R. 86W.,  14.04 17.62 31.66 108.54 105.95 214.49 470.21 456,75 592.79 580,32 1,173.11
T.143N,, R. 87W,| 13.78 6,91 20,69 81.43 140,96 234.36 241.35| 361.20 336.56 509.07 887.95
T.142N,, R. 81V, 1.70 0.82 PV | 2.52 13.56 12.66 ceee 26.22 35,75 veen 51,01 13.48 cees 64.49
T.142N., R. 82W. 2.03 6.33 cos 8.36 48.01 63.16 cess 111.17 | . 356.59 230.88 406,63 300,37 vese 707.00
T.142N., R. 83W. 7.35 14.87 §.41 28,63 83.06 85,66 55.09 173.81 456,51 253,90 54,98 765.39 526,92 324,43 116.48) 967.83
T.142N., R. 84W. 2.07 24,81 cone 2€.88 15.37 265,31 15.14 295,82 566,76 148.55 19.50 734.81 584.20 438.67 34.64] 1,057,.51
T.142N., R. 85W. 7.79 7.22 2.43 17,44 93.38 62,58 27.80 183.76 | 1,132.96 119.58 20.86 | 1,282.40| 1,234.13 189,38 60.09| 1,483.60
T.142N., R. 86W, 21,73 10.45 soss 32.18] 213.21 26,37 oo 239.58 |  774.73 52.30 oo 827.03 | 1,009.67 89.12 eees| 1,088.79
T.142N., R, 87W, 22,72 eee Cees 22.72 206,42 cess cere 206.42 972,30 41,74 eees | 1,014,04 | 1,201.44 41.74 cess| 1,243.18
T.141N., R. B1W. caes cere ceee cens R 199.73 coen cose 199.73 199,73 cees ceve 199.73
T.141N., R. 82W, cves JO cees 0.28 0.28 | 223.96 14.24 cene 238.20 224,24 14.24 coue 238,48
T.141N., R. 83W. 9.62 2,99 12,61 40.97 68.95 401.56 evoe ceee 401.56 452.15 30.97 coee 483,12
T.141N., R. 84W, 3.08 21,81 9.52 34,41 45.60 141.47 652,43 veee eees 652.43 701.11 98.76 28.44 828,31
T.141N., R. 85W. 3,70 cees 7.26 10.96 42.14 134.91 997.20 65,98 79.20 | 1,142.38( 1,043.04 100.96 144.25| 1,288,25
T.141N., R. 86W. 5.85 30.54 7.02 43,41 92.54 226.13 {1,013.33 1.21 ease | 1,014.54 | 1,111.72 133,05 39,31 1,284.08
T.141N., R. 87W. 6.09 7.35 ceee 13.44 108,23 122.38 | 1,253.39 veee eese | 1,253.39| 1,367.71 21.50 eesel 1,389.21

County total 139,09 206.25 52.21 397.55 | 1,347.43 3,011.91 11,857,34 [ 2,121,356 | 450.65 | 14,420.34 | 13,343.86 | 3,584.76 910.18] 17,838.80

Renville County

T.162N., R. 86W. caee e ceee ees ees 8.60 8.60 8.60 8,60
T,162N., R. 87W. P ceee ) . ceen 46,92 46.92 46.92 46.92
T,.161N., R. 86W. esee eoes 8.46 9.46 23.06 1.44 cese 24,50 64.09 eses cere 64.09 87.15 98,05
T.161N., R. 87W. 0.25 5.29 cese 5.54 22.48 5.43 cess 27.91 82,82 vees . eees a2,.82 105.55 10,72 116.27
T.160N., R. S5W, vees cees eoee voss vose eoes ceee cone 2.25 PR coes 2.25 2.25 cone veee 2.25
T.160K., R. 86W, cons oo 9.11 9.11 ] 19.42 28,14 cose 47,56 72,75 cone vaee 72.75 92,17 28,14 9.11 120,42
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Table 25,--Estimated original lignite reserves in North Dakota, by county and township.-~Continued.

Measured reserves

Indicated reserves

Inferred reserves

Total 1in all categories

212/2.:3 Ig :eds In beds In/beds In beds | In beds In/b,d. In beds | In beds In/bod; In beds In beds
Townshi; o o more than 21/2 to 5 %o mere than 2 1/2 to 5 to |more than 2 1/2 to 5 to more than Townshi
P 5 feet 10 feet | 10 reet | —o®! 6 Test | 10 feet | 10 feet | 0%t § feet | 10 feet | 10 feet Total 5 feet |10 feet 10 feet vt
thick thick thick thick thick thick thick thick thiok thick thick thick
Renville County -- Continued

T.150N., R, B5W,) eene cees ceee vees ees 9.7 e 9.79 49.79 ceee 149.79
T.159N., R, 86W. cess vene cose sene cone 100.38 ceee 1%0.30 100.80 cess 100.80
T.158N:, R. 84W. cens eeee vaee cses cess . 9.11° ceee e 8.11 9.11 cee 9.11
T.158N., R. 85W. s 2.88 45.08 . O 45,06 65.95 e IO 65.95 113.88 s 113.88
T.158N,, R. 86W, ceee 0,63 7.03 oo e 7.03 100.03 cree rese 100.03 107.69 seee 107.69

County total 3.76 5.29 |  18.57 27.62 117.04 35.01 cees 152.05 603,11 conse seee 603.11 723.91 40.30 18,57 782,78

Sheridan County

T.148N., R. 77W. cooe ceee ceee ceve eore 1.89 veee coee 1,88 1.89 eoss vees 1.89
T.1488., R. 78W. csen cose cees PO 49,06 cone oo 49,06 49.06 coes ceee 49.06
T.1478., R. 77W. ceee coee ceee cose PN 104,23 cone 104.23 104,23 104,23
T.1478., R, 78W. cese eose coee ceee cens 141.12 cese 141,12 141.12 141.12
T.146N., R. 77W, coee ene cene vere PN cose cees eosn 88,24 esee vees 88.24 88.24 cese ceee 88.24
T.146N., R. 78W. vene ceee vese ceee csve vone ceee cone 141.12 core eooe 141.12 141.12 cese veee 141.12
T,1458., R. 77W. cone PP cees R eeee veee ceos eese 13.42 veee cove 13.42 13,42 veue veee 13.42
T.145N., R. 78W. esee vese cees ceee cese rene eeee oo 120.98 coee eoee 120.98 120,98 caee ceee 120.98

County total ceee coee vees voee vees veee cees rene 660.06 avee ceee 660.06 660,06 ceee cons 660.06

Slope County

T.136N., R. 98W. cees ceue sees veee cese csee . ceee 168.22 vooe 508.58 676.80 168.22 eeee 508,58 676.80
T.136N8., R, 99W. eose veen ceee cene cone cene ceee res 7.56 cees 586,82 594,38 7.56 ceee 586,82 594.38
T,136N., R.100W. cnee aees eree seee coee [ coee eeee 38.95 esee 643.77 682.72 38.95 seee 643.77 682,72
T.136N., R.101W, coss coee 51,76 51,76 31.76 1,98 276.76 310.50 100,74 ssee 375.92 476.66 132.50 1.98 704,44 838,92
T.136N., R,102W. 4.15 8,60 139,56 152.31 97.96 86,17 143,57 327.70 cose eore eooe cens 102.11 94,77 283.13 480.01
T.136N., R.103W. 7.49 16.52 16.03 40.04 62.78 168.53 124,55 355.86 J 28.46 ceoe 28,46 70.27 213,51 140.58 424.36
T.1368,, R.104W, 2.68 23,57 21,13 47,38 49,28 297,11 23.89 370.28 2.51 cass vene 2.51 54.47 320,68 45.02 420,17
7,1358., R. 98W. veve eree ceee 640,37 808.49 168.12 640.37 808.49
T7.135N., R, 99W. cove ceee coss 800.03 804.01 3.98 800.03 804.C1
T.135N., R.100W. cone sers cese coes 834,11 1,044,61 110,50 934.11 1,044.61
T.135N,, R.101W. evee cone 32.11 32,11 34.50 1,31 671.14 801.39 164.75 1,053.97 1,220.03
T.1358., R.102W. 8.32 eves 14.41 22,73 59.24 129.54 ceve 43.31 110.87 283,38 525.79
T.1358,, R.103%. 3.81 ceve 47,55 51.36 37.60 232,15 coee 139,48 96.43 184.44 597,48
T.135N., R.104W. 9.38 43.32 2.84 55.54 97,11 189.80 coes 46.40 150,90 32.88 418.80
T.135N., R.105W. coee vese eene o 201,79 116,50 - ceee IO 201.79 29.36 347.65
T.135N,, R.106W. 2.98 12,59 cese 15.57 52,95 33,05 eose 0.68 56.61 eose 102.25
T.134%., R, 98, 568444 558,44 ceee 558,44 558.44
T.134N., R. 99W. 701.57 707.96 6.38 701.57 707.95
T,134N,, R.1004. 836.41 959,81 123,40 836,41 959.81
T.1348,, R.101W. 733.73 978.69 247.90 1,63 1,025.59 1,273,12
T.134N., R.102W. wees 133,38 212.29 92.33 234,13 638.75
T.134N,, R.103W. eeve 289,34 197.05 288.00 83.98 569.03
T.134N., R.104W. ceee 191.16 226.71 184.94 9.17 420.82
T.1345., R,105W, 30.66 ceue 0.18 153.73 75.81 . 256.18
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T,133N., R. 96W. coss coee ceee cees sees ceee ceee cove cons esse 573.19 573,19 cors sese 573.19 573.19
T.133K., R. 9¢W. cenae, ceee sece veee “ose ceee veee ceee cass veos 760.49 750,49 ceee eese 750,49 750.49
T.133N., R.100%. ceee seee coen ceee eees cees vose eiee 109.34 voee 921.62| 1,030.96 109.34 coes 921.62 1,030,96
T.133N., Re101W. coes eone 12.10 12,10 28,71 11,70 396.14 436.55 270,05 0.13 640,47 910,65 298,76 11.83) 1,048.71 1,359.30
T.133N., R.102W. coss csne sese veee 29.19 84.64 20.21 134,04 150,60 34,62 186,22 179,79 119.26 20,21|" 319.26
T.133N., R.103W. case eore e coes 11,37 4.79 vore 16.16 17.31 256.69) 274,00 28.68 261.48 voos 290.16
T.133N., R.104W. cees 1,92 22,1¢ 24.06 38.80 66.26 192,02 297,08 3.27 125.59 154.56 42,07 193,77 239.86 475,70
T.133N., R.105W, 1.87 1.92 cene 3.79 11,77 7.32 vees 19,08 FN ceee sese 13,64 9.24 rees 22.88

County total 72455 169,68 396.08 638.31) 1,176.62] 1,827.30| -2,600.45| 5,604.37| 2,288.60| 716,96/10,902.36| 13,847.92| 3,477,77] 2,713.94] 13,898.89] 20,090.60

Stark County
=

T.141N., R, O1W. vees R cons e veee ceen eees veed] 214,56 veed 214,56 214.56 cees 214.56
T.141N., R. 920 eors eoee e eoes 4,54 seee veee 4,34 260,69 casd 260,69 265.03 “ees 265,03
T,141N., R. 93W. 1,87, 4.42] P 6.29 18.18 2,75 vees 20,93 289.67 . 289,67 309,72 7.17 316.89
T.140N., R. 91W.| vese esee 3.41 ceen 3.41 653,27 seesl esedl 653,27 656,68 656,58
T.140N., R. 92W. 3.961 3.91 19,55 vees 19,55 712,16 cene cous 712,16 735,62 oo 735,62
T,140N,, R, 93W] 1,51 3,05 reee 4,56/ 49.84 3.69 53,53 814,12 vese eree 814,12 866.47 6.74 872.21
T.140N,, R. 94W.] 1.26 4,51, vene 5.77 38.68 6.88 45,56 915.04 eeee voed 915.04 954.98 11,39 966.37
T.140N., R. 95W. 9,78 coee oove 9.78 121,42 5.79 134.25) 473.11 59,62 2,39 535.12 604,31 65.41 679,15
T.140N., R. 96W.,| 3.60| 3,07 16.08 22,75 49.47 39.45 278.28 330.25 540.34 540.4 1,411.04 383.32 582.86 1,712,07
T,14QN., R. 97W.| cons 10,96, 44.19 55.15 9.90 60.02 514,88 229,95| 277.82 301.¢ 809,64 239.85 348.80 1,379.67
T.140N., R. 98W.| vese 13.10 1,74 14.84 3,95 96.88 122,93 223.76 349.51 216.36 188, 62| 754,49 353.46 326.34 993,09
T.140N., R, S9OW.| veee 0.39 eore 0.39 7.05 3.11 cens 10.16 331,56 247,83 92,8 672,21 338,61 251.33 682.76
T.139N., R. 91W. 4,96 12,97 cvee 17.93 61,03 51.91 soes 112.94]  698.27 veoe cees 698.27 764,26 64.88 ceve 829.14
T.139N., R, 92W. 1.26 12,72 caee 13.98 57,40 24,23 eese 81.63] 861.43 vees ceee 861.43 920.09 36.95 cese 957.04
T.139N., R. 93W. 0.62 0.07 cose 0,69 53,75 2.63 veee 56,38 753,30 coss reee 753,30 807,67 2,70 rees 810,37
T.139N., R. 94V, 8.50 csen coee 8.50 85,97 “see cone 85.97] 496.47 cene ceee 496,47 590,94 eeen ceoe 590,94
T,139N., R. 95W. 21.67 vees 24.97 46.64 79.18 7.55 121,41 208.11 2e8.38 119.29 4,18 411.85 389.20 126.84 150.56 666.60
T.139N., R. 96W. 1.26 6,28 7.95 15,49 9.89 91.34 161,82 263.05| 187.26 273.87 213,53 684,66 208,41 371.49 383.30 963.20
T.139N., R, 97W. 1,78 35.59 13.46 50,83 woee 134.48 30,69 165.17] 117.13 298.87 131.71 547,71 118,91 468,94 175.86 763,71
T,139N,, R. 98W. cees 17.56 5.91 23,47 4.70 142.05 14,51 161,26/ 183,75 259.16 16.30 459,01 188,45 418,77 36.52 643,74
T.139N., R. 99W, cone 15,15 cese 15.15 6.16 124.46 soes 130.62] 288.62 130.67 141.04 560,33 294,78 270,28 141.04 706.10
T.138N., R. 91W. 17.51 4,63 22.14 44,28 160,66 28.54 N 190,20 569.01 ceee 569.01 747.18 34,17 22.14 803.49
T.138N., R. 92W. 5.61 cose seee 5,61 42,42 cses reee 42.42] 443,10 vere 443.10 491.13 voee vess 491,13
T.138N., R. 93W. 12.23 6.47 cees 18.70 91,91 8.62 sees 100.600 318.65 ceee 318.65 422,79 15,16 coee 437.95
T.138N., R. 94W. cone sene Cevee vose 1.54 ceee . 1.54] 371.64 cone oo 371.64 373.18 rese PN 373.18
T.138N., R. 95W. vese tene PN vese veee veee eeue vees| 306,71 wens veee 306,71 306.71 vons coee 306.71
T.138N., R. 96W, e csee cees reee ceee ceee 0,39 = 312.36 56.56 cens 368,92 312,36 56,95 voove 369431
T.136N,, R. 97W. eees cese ceee cses seee 0.53 227.01 286,03 81,68 594,72 227,01 286,68 81.68 595,27
T.138N., R. 98W. vees cene rees core sees 347,81 209,86 373.10 930,77 347.81 209,86 373,10 930.77
T.138N,, R. 99W, voue cies veen cene eene 398.06 100.66 413.16 911.88 398.06 100,66 413.16 911.88
T.137N., R. 01W, cees ceee 3.74 cess . 204.72 eoee _xan 294.72 298.46 S cone 208.46
T.137N., R. 92W, e eons 49.37 veoe “enn 303.94 cons eses 303.94 353,31 ceve aose 353.31
T,137N., R. 93W. coee 7.37 44,83 coee veee 347.37 vese ceee 347.37 399,57 cens o 399,57
T.1378., R. 94W. cees oo sene cose cess 341,08 e coee 341.08 341,08 cese cere 341,08
T.1378., R..95W. sone coes cove eeen ceve 254,02 I sens 254,02 254,02 cere sree £254.02
T,137N,, R. 96W. cove cene ceta veae vese cene 264.02 ceee 19.19 273,21 254.02 RPN 19.19 273,21
T.1378., R. 97W. core veee eoee ceee cees eoee 274.18 veee 360,16 634,34 274,18 csee 360.16 634.34
T.137¥., R. 98W. coee vooe e cees . vere 307.77 cene 452,76 760.62 307,77 cene 452,75 760.52
T.137N., R. 99W. veoe esee evee vese eveed ceee 276.54 ceee 482.02 758.56 276,54 cses 482,02 758,56

County total 104,70 150,94 136.44 392,08 1,078.31 836.39 | 1,092.72 | '3,007.42[15,406.49 | 3,076.94 | 3,814,77| 22,298,20| 16,589.50| 4,084.27| 5,043.93| 25,697.7C

Ward County

g.}géﬁ., R. 8aw. 7.55 1.87 asae 8.92 49,22 0.80 veee 50,02 50,59 esee cese 50,69 107.36 2.17 . 109.53
T.160N., R. 87W. 0.41 cres [ 0.41 23.23 1.76 24,99 92.87 . oo 92.87 116.51 1.76 vees 118,27
T.160N., R. 88W. 23,14 oo P 23,14 100.08 ceee 100.08 2.75 vese eeee 2,75 125,97 eeos cese 125,97
T,1608., R, SOW, 1.58 0.94 cens 2.62 36.10 aree 36.10 96.5¢ reve cvee 96.54 134,22 0.94 ceee 135.16
T.150N., R, 87W. veve coee seee 2,13 PN 2,13 109,50 vorn 109,50 111.83 . 111.€3
T.156N., R. 88W. 1.93 7.92 9.85 37.71 1.43 39,14 82.47 eoee 82.47 122,11 131.46
T.156N., R, 89W, eoes vese ‘eus 4.42 even 4.42 187,12 veer 187.12 191,54 191,54
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Table 25,~-Estimated original lignite reserves in North Dakota, by county and township,--Continued.

Measured reserves

Indicated reserves

Inferred reserves

Total in all categorieés

elil/ge:l Ig :oda In b:g: Blti/ge:l In beds In beds In/bods In beds In beds In/bedn In beds In beds
Township o 0 mors nl  TPotal o S to more thanl frogal 2 1/2 to 5 to more than| Total 21/2 to 5 to more than 1
& Teet | 10 feet | 10 feet 5 foot | 10 fest| 10 feet 5 Teet | 10 feot | 10 fest | o 5 feot | 10 feet | 10 feot | Dopar’
thick thick thick thick thick thick thiek thick thick thick thiock thick
Ward Counpy —- Continued

T.158N., R. 87W, 4,57 vers cees B ] cees | 28.26 202.54 Teee Tiees 202.54 244.97 ees vees 244.97
T.1578., R. 84¥W, 0,13 20,76 15.51 . 18.561 36,40 0.33 . 36.75
T.157N., R. 85W, 8.20 50,94 30.46 . 30.46 83.62 6.24 . 89.86
T.157N., R, 86W. 1.87 20,67 76.75 . 76,75 99.29 csss csee 99.29
T.157N., R. 87W, cees eees 276.80 veee cees 276.80 275,80 cees cees 275.80
T.156N., R. 83W. P vess cees vees 9,43 ceee veus rens aves 6.52 2.91 ceus 9.43
T.156N., R. 84W. 5,54 3.02 seee vese 36,68 vere 12.30 ceee 12,30 10,08 47.46 cees a7 .54
T.156N., R. 85W. cses 2,29 cens cess 81:12 39.26 55,83 vees 95,09 47.95 130,56 vere 178.50
T.156N., R. S6W, vees cens ees cons sere 125.83 ceee ceee 126.83 125.83 vens ceee 125.83
T.166N., R. 87W, cene caee oo cons ceee 207.62 cens vers 207.62 207.62 reee reen 207.62
T.155N., R. 83W.| 10.13 cere 32,56 vees vene 42.69) 42.69
T,156N., R. B4W, vees 55,07 42,91 42,91 108,40 111.31
T,155N., R. 85W. 9.14| 150,21 150.21 159.35 159,35
T.155N,., R. 86W. 154,36 154,36 154,36 154.36
T.155N., R. 87W. 232,11 232,11 232,11 232.11
T.154N., R. 83W. vooe vees cees coes cees 29,43 cees cene 20.43 29,43 ceee eeoe 29.43
T.154N., R. B4W. vess cess cees cove cese 169,52 vees ceee 169,52 169.52 P cens 169.52
T.154N., R. 85W. ceee cees 5.73 7.22 39.94| 226.66 0.25 cees 226,91 239.78 19.85 12.95 272.58
T.154N., R, 86W. cone cons cese vess cees 249.98 cees cees 249.98 249,98 cene vers 249.98
T.1548., R. 87W. vene vees cees P vere 262,84 cove cene 262.84 262.84 eeee ceee 262.84
T.153N., R. 82W. 36,36 36.36 43,07 23.56 66.63
T.153N., R. 83W, 226,48 226.,8| - 226,48 226.1,8
T.153N., R. 84W, 262,08 262.08 262, 262,08
T.153N., R. 85W, 179.55 319433 188,75 369413
T.153N., R. 86W, 138,66 359.60 138.66 221,03 359.69
T.153N., R. 87W, 248,49 299,09 248,49 50, 60 299.09
7.152N,, R. 81W, vees veve 98,53 63.92 veve .o sons eses eeee]. veee 162,46 162.45
T.152NK., R. 82W, cees 3.83 9.65 131.26 30.78 71.61 55,15 157.54 30,78 101,64 195, 96| 328.38
T.152N., R. 83W, sese coen cese cere 301,85 33.54 cose 335.39 302,17 36.15 ceee 338.32
T.152N., R. 84W.] PODYS cens cors vees 238,41 7.50 veoe 245,91 238.41 7.50 245,91
T7.152N., R. 85W. cese coee eees sees 212,16 102,07 cens 314.23 212,16 102.07 314.23
T.152N., R. 86W, cese caee ceee . 108,86{ 291.84 eons 400,70 108.86 307.09 415,95
T.152N., R. 87W, vees cons vees eeeel 121,08 207.89 PRGN 328,97 121,08 207.89 328.97
T.151¥,, R. 81W, cens 11.05 74.00) vens 167.90( 135.52 303.42 voss 170,62 220,57 391.19
T.1518,, R. 82W, vees eese vess 114,34 160,74 65.21 340,29 114,34 160,74 65.21 340.29
T.1518., R. 83W, cees 4.37 cees 174.04| 144,73 vers 318.77 190.40 220,63 4,37, 415.40
T.151¥,, R. 84W, ceee eese cens 161,34 173.47 vese 334.81 161.34 173.47 cone 334.81
7,151N., R. 85W. cees eres vese 167,32 143.12 vors 300,44 157,32 171.24 cese 328.56
T.151N8., R. 86W. 11.98 58.12 112,90 148.81| 112.08 373.79 112,90 203,50 182,15 498,55
7.131N., R. 87W. cens cees cers 153.79| 172.85 eons 326.64 153.79 172,86 cons 326.64

County total 76,54 37.43| 145.55 259.62] 538.50 340.93| 1,260.79| 6,091,92 367.96| 8,765.74| 6,706.96| 2,724.65 854.44| 10,286.05

2,305.86
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Williams County

T.1598., R. 95W. e voue 393,09 393.09 395,09 vere 393.09
T.150N., R. 96W. voud cone cees 436.84 436.84 436,84 eves soss 436.84
T,159N,, R. 97W. oo vons cess 382.00 382.00 382,00 cess coee 382.00
T.159N., R. 98%. cerd oo 286.22 286,22 286,22 286.22
Te159N., R. 99W. oo voes caee PO 328.05 328,06 328.05 228,05
T.1598., R.100W. coos oo csse 19,07 188.66 188.66 207.73 vore 207.73
T.15¢N., R.101W. 56.01 sean 61.90 oo 120.87 196.95 196.95 260.60 veee 379.72
T.1598., R.102W. 31.07 2.92 33.99 101.19 113.42 82.06 149.61 94.29) 2.92 297.02
T.159N., R..0O3W, cece veoo cees vese sesae ssee 5.19 5.19 5.19 eves veee B.19
T,158N,, R, 95W. eoee eseol voes 485,97 485,97 485.97 485.97
T.,158N., R. 96W. esss o oo vese cese P vors 534.24 534.24 534.24 P 634.24
T.158N., R. 97W. eeee eese veee sece ssee seee ceee 495.89 505.08 495.89 2.19 505.08
T.158N., R. 96W. vese cenel eose sese cane esss voos 317.42 415.03 317.42 97.61 415.03
T.158N., R. 99W. veoe v es oo sees seee PO vese 249.36 367.66 249.36 118.30 . 367.66
T+1568N., R.100W. vose eone 5.80 csve 5.80 407.88 432,84 413.68 24,96 438,64
T.168N., R.101W. sene esss eece csens 26.21 2.49 28,70 305.46 395.46 421,67 2.49 424.16
T.158N,, R.102 ceee cese Y 1,95 1,06 3.01 351.67 352.82 353.62 2.21 355.83
T.158N., R.103W. e eoee o s eee P 118.01 118.01 118.01 oo 118.01
T.,1578,, R. 95W. eses e sevs ceee sees] eceee 393.00 393,00 393.00 caee 393.00
T.167N., R. 96W. e eeee §.. oo cacs esee 483,84 483.84 483.84 vaoe 483,84
T.1578., R. 9. coes esee seee vees e 444.96 654.39 444.96 209.43 654.39
T.1578., R. 98W. veon sene oo oo 412.41 714.81 | 12,41 302,40 714.81
T.157H., R. 99W. 0.20 1.50 1.70 ceos 266.37 558.77 266.92 303.90| 670.82
T.1587N., R.lo0W, 1.88 7.01 8.89 15.51 35.00 50,51 222.26 342.22 239.65 161,97 401.62
T.167N., R.101W. 0.35 0.7 1.06 23.54 19.11 42.65 428.51 446.62 452.50 37.83 490,33
T.167N., R.102W, esee coes ceee seee eeee coes 388.87 388,67 388,67 ceee X 388,67
T.157N,, R.103W, seee eree cees saes sece coes even 183.28 183.28 183.28 esee vese 183.28
T.156N., R. 95W, oo aecs coes cses vose seee sess sene 373.76 cose esee 373.75 37375 cese 373.75
T.156N., R. 96W. sese eeee cons oo cese veeso sene cove 508.40 cese Jeoe 508.40 508.40 ense 508.40
T.156N., R. 97W. 3.16 eeee o 3.16 42.80 cene vese 42.80 459.80 188.03 esee 645.83 505.76 186.03 691,79
T.156N., R. 98W. Iy cese sees cees 8.14 cooe cese 8.14 389,77 531,37 23.10 944.24 395.91 531,37 950,38
T.156N., R. 99W, veas enow ceee vese eees seee eosee 371.03 505.95 111,13 988,11 371.03 505.95 988,11
T.156N., R.100W, 0.13 9.05 ssse 9.18 47.79 24.03 71.82 177.87 273,60 451.37 225.79 306.58 532,37
T.156N., R.101W. 2.89 20.10 vens 22,99 6.46 121.20 127.66 163.84 60.84 224.68 173.19 202,14 375.33
T.156N., R.102W, 4,80 4.80 §.72 2.67 8.39 366,30 35.87 ceve 402.17 372.02 43.34 415.36
T.156N., R.103W. sece eses sene sees eeee cese 386.44 cess voes 386.44 386,44 sees 386.44
T.1568., R.104W, soes veos eves esas seen veee 95.34 “eee seee 95.34 95.34 vees 96,34
T.155N., R. O5W. cosa oees eee 12.80 12.80 249.35 vese 249,35 262,15 cers 262.15
T.1558.,, R. 96W, 3.29 1.17 9.63 14.09 53,05 35433 8493 97.31 265.25 seee e 265.25 321,59 36.50 18.56 376.65
T.155N., R. 97W. c.86 sese coee 0.86 80,68 ceee ceee 80.68 495,22 126,48 576.76 126.48 oee 703.24
T,155N., R. 98W. sese vevs sess evee 19.07 228.13 12.57 259.77 361.18 203.45 380.25 431,58 290.76 1,102.59
T.1558.,, R, 9oW. 2.54 8.81 35.13 46.48 58,39 98.74 £292.20 449,33 245,04 175.89 305.97 283,44 963,27 1,552.68
T.156N., R.100W, 0.6) 12.11 sees 12.72 38,05 74.92 1.38 114.32 131.60 351,75 170.26 438.78 1.3 610.38
T.1558., R.101W. 4,62 12.67 vees 17.29 42.35 133.65 vene 176.00 100.33 45,38 147.30 191.70 cene 339.00
T.155N., R.102W, 1.69 11.85 13.24 1,99 6.58 cene 8.57 308.71 85.16 312.39 91.74 11.85 415.68
T.155N., R.103W, 0.21 .o 0.91 21.83 eees cens 21.83 373.86 vess 396,60 venef esen -396.60
g.lssx., Re104W, 9.32 2.94 seee 12.26 16.75 3.52 oo 20,27 71.67 soee 97.74 6.46 ceee 104.20
T.154N., R, O5W. l.21 saee sene 1.9 28.78 seen 28.78 47.30 18,57 77.99 18,87 sese 26.56
T.154N., R. 96W, eeve eese veas ceee 0.55 cens 0.56 3.62 veve 4.07 evee vece 4.07
T.154K., R. 97W. 16.15 oo ssee 1€.15 60.76 eees 60.76 164.00 0.20 240.91 0.20 esee 241.11
T,154N., R. 98W. 6.31 tove seee 6.31 78.30 ey 78.55 528.46 83.54 813.07 83.54 5.10 701.71
T.154N., R, 99W. 2.92 6,10 seee 9.02 85.29 32.69 198.61 336.44 339,88 424,656 378.67 399,84 1,203.16
T.154N., R.100W. 72.14 34.72 4.64 111.50 140.78 127.94 459,21 72.36 56.52 285.28 218.18 784 .45
T.154N., R.101W, 3.47 12.35 15.82 28,94 53.20 62.14 22.00 6.87 54,41 72,42 126.83
T.154N., R.102W. 15.34 C.05 15.39 102.20 28.37 130.87 222,14 43.90 339.68 72.32 412,00
T.154N., R.103W. 2.83 seee 2.63 52.02 seee 52,02 319.09 seee oo 319.09 373.74 cose 373.74
T.154N., R.204W, .62 1.18 8.70 29.40 3.31 82.71 18.84 seee vene 18.84 53.76 4.49 58.28
T.153N., R. 96W. ssse eoee seee e sees eene cene oo 176.79 .ea cece 176.79 176.79 eees cene 176.79
T.153K., R. 9oW, sone eees cene saee 2.56 e ens 2.56 370.33 59.80 cees 430.13 372.89 59.80 cese 432.69
T.163K., R.100%,, 16.85 9.98 csee 26,83 58.17 39.00 sese 97.17 72,28 10.91 cees 83.189 147.30 52.89 X 207.19
T.153N., R.102W.| 12.66 9.568 ceos 22.24 28.38 16.40 sees 44.78 7.21 SN 7.21 48.25 25.98 cses 74.23
T.163N., R.103W.| 12,57 coee “eee 12,57 63.36 vesn vese 63.36 95,26 vaes 95.26 171.19 veen 171.19
T.153N., R.104W, 3.49 vees ceen 3.49 41.53 cese cioe 41,83 3.94 cave 3.94 48,96 case 48.96
County total 210.30 241.91 516,08 | 1,427.31| 1,251.84 586.42 3,265.37 [17,223.07 | 4,471.82 | 1,458.28 | 23,153,117 | 18,860.68 | 5,965.37 2,108,657 26,934.62
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