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Figure 3. Annual coal production from Wy« ng (1970-1993} with forecasts to 1997.
Data from the Wyoming Inspector of Mines  \70-1993) and the Wyoming Consensus
Revenue Estimating Group (1994-1997).

In support of this latter view, there are many rumors that coal producers in
the Powder River Basin have alreadv sold most of their 1994 production
capacities. While there are some idle and proposed mines that can meet
greater demands for Powder River E in coal, this production cannot be
brought on line without lead time in whi  to acquire additional equipment and
manpower. While it remains to be see [ all demand can be met this year, it
is apparent that monthly deliveries of ' oming coal to power plants set new
records in October and December of 1993 and again in January of 1994 (see
Coal Update}. Monthly deliveries were ore than 19.3 million tons in January,
which is the most recent data available. if deliveries stay this high, our coal
production estimate for 1994 will likely :revised upward by next quarter.

In regard to energy prices, oil remained low in the first quarter, natura! gas
showed its seasonal dip and then sta d back up, and spot coal may have
firmed or increased slightly. Based on posted oil prices, the average first
purchase price for Wyoming crude was an estimated $11.00 in the first quarter.
By mid-April, the price was beginning its seasonal increase and was averaging
closer to $12.50 a barrel. For comp son, Sweet Crude Futures for May
increased by about $2.00 a barrelinm  April. Table 2 and Figures 4 and 5;
however, show that average Wyoming [ :es have notrecovered from a decline
which started in 1991,

Natural gas prices, whichwetrack  watching the spot sale prices at Opal
(Figure 6), have shown theirtraditional t-quarterdecline, but overall they are
holding strong compared to pre-1992 prices. QOur forecast, which shows a
gradual increase in price, seems on track {Table 2 and Figure 7).
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Figure 5. Average prices paid for Wyoming oil {1980 to 1992) with forecasts to 1997.
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Figure 6. Spot prices for methane at Opal, Wyoming, averaged by month (1989 to
prasent).
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T16N, R64W to a true vertical depth of 7,702 feet. Wilshire Oil Co. will drill
its 1-14H McConnaughey well from a surface location in SW SW section 14,
T16N, R65W to a true vertical depth of 8,083 feet. Production at Silo Field
in 1993 was 1.54 million barrels of oil and 587.43 million cubic feet of gas.
Production in 1992 was only 0.72 million barrels of oil and 289.43 million
cubic feet of gas.

C. Meridian Qil Inc. has reached totai depth at the 31-15H RE Manning well
drilled from a surface location in SW SE section 31, T35N, R67W to a true
vertical depth of 9,194 feet in the Turner Sandy Member of the Carlile Shale.
This is the second lateral drilled in this well and both laterals encountered
collapse problems. Itis unknown what, if anything, the company will do at this
well.

D. EP Operating piugged and abandoned its 1 H East Flank Unit weli drilled from
a surface location in SW SW section 30, T39N, R77W to a true vertical depth
of 5,000 feet. The well tested an objective in the Smoky Gap Member of the
Niobrara, but EP reported that fract. s in the Smoky Gap were filled with
calcite.

Helfh 1

Wyoming ranked second in helium production in 1993 and currently sup-
plies about one-third of domestic production. Production of salable helium from
Wyoming was an estimated 1.06 billion cubic feet. All of this helium came from
natural gas produced at Fogarty Creek and Lake Ridge fields and was pro-
cessed at Exxon's Shute Creek plant in western Wyoming. The natural gas is
from the Madison Limestone and cont: s approximately 0.5% helium, 66%
carbon dioxide, 22% methane, seven nitrogen, and 4.5% hydrogen sulfide.

I ‘erences cited

Petroleum Infarmation, 1994, Rocky Mountain region report: Newsletter edition,
v. 67, no. 5, p. 6.

interstate Oil and Gas Compact Corr ssion, 1994, Marginal oil: fuel for
economic growth: Oklahoma City, (  ahoma, 20 p.

COAL UPDATE

by P. Daniel Vogler
Stalf Geologist-Coal, Wyoming State Geological Survey

For 1994, the National Coal Assoctation predicts a 4.4% increase in the

production of western coal. They also indicate that most of the increase in
western coal production will come from mines on Federal leases. Wyoming
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Figure 17. Employment trends in Wyoming coal mines, by county (1970 to 1993).
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Casper. They also filed a $40 million lawsuit against the State, claiming that
their right to mine the limestone on that lease had been taken from them.

The National Park Service's (NPS’s) plan to use aggregate sources within
Grand Teton National Park for road construction projects (Wy oming Geo-nofes
No. 47, p. 30 - 31) was withdrawn because of public opposition. The NPS had
argued that using in-park sources would save the government more than $25
million in hauling costs associated with bringing aggregate into the park from
outside sources. According to the NPS, the withdrawal of the plan will give them
time to further study the environmental impact of each possible aggregate
source,

Decorative stone

Wyoming's potential to become a major decorative stone producer is
nearer realization. Richard Cosgrove and Dean Cummins of Mesa Marble
Company announcedin mid-February thatthey had enough sales commitments
to open a marble quarry near Tensleep in Washakie County (Figure 18).
Cosgrove said initial sales would be flagstone and slab for high-end fe.g.
expensive) homes under construction in the Jackson area of Wyoming. The
marble deposit is in Triassic rocks northwest of Tensleep. The upper layers are
brown, gray, buff, and green hard tlagstone. Beneath this zone are thick beds
of dark brown marble and brown wood-grained marble. Mesa Marble's stone
is illustrated in the Wyoming State Geological Survey’s 1991 publication on the
decorative stones of Wyoming (Harris, 1991, p. 23). Production should begin
in May.

Mesa Marble’s quarry will be the third dimensional stone quarry to open in
Wyoming since the State Survey's publication on decorative stones. The other
stone quarries are Sunrise Stone’s “Wyoming Raven” black granite quarry and
its adjoining “Fantastica” swirled pink granite quarry, both in northeastern
Albany County (Figure 18). Sunrise Stone is currently building a fabricating
plant southwest of Wheatland (Figure 18). Toby Ser Voss, owner of Sunrise
Stone, says he has enough orders for the quarries and plant to keep the current
crew busy for two vears. Mr. Ser Voss anticipates that a crew of four, quarriers
and fabricators, will be employed when the facility reaches full operation this
summer.

A fourth dimensional stone quarry may open this spring. As noted in
Wyoming Geo-noles No. 41, the Arbor Rock Company of Longmont, Colorado,
will produce flagstone from a quarry south of Douglas (Figure 18).

There are atleast five decorative aggregate quarries active in Wyoming this
year, with two more possibly opening later this summer. Georgia Marble
produces about 80,000 tons of white marble aggregate a year at its Wheatland
plant. This stone is quarried west of Wheatland (Figure 18), and marketed
throughout the U.S. as “Wyoming White”. Pacer Corporation of Pringle, South
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Table 7. Sales activities involving coal producers in Wyoming during the fourth quarter of 1994 (Continued).

Utility Power Plant Coal Ml or ReglonActivity Tonnage Comments
Ingiana-Michigan Power Rockport Belle Ayr/Eagle Butte Sp 735,000t
o.
Lower colorado River Fayette Power Cordero C 1.2 million t Existing contracts is > 1.8
Authority Project Unit No. 3 million tpy. This tonnage
is above that requirement.
Midwest Power Systems Council Bluffs Eagle Butte Sp 1.0 million t
Rawhide Sp 300,000 t
Neal Units 1 & 2 Medicine Bow c 500,000 t
Nea! Unit No. 4 Balle Ayr Sp 800,000 t
Northern Indiana Public Dean H. Mitchell Cordaro Sp 40,000t Januear-February
Service Co. (NIPSCO) Antelope Sp 99,000t March-April
Belle Ayr Sp 11,000t March
Michigan City Black Thunder Sp 111,000 t January-February
Shoshone C 261,000t January-March
Belle Ayr Sp 99,000 t March-April
R.M. Schahfer  Shoshone c 288,000t January-March
Cordero Sp 33,000t February
So N.D. Spot coal for second-quarter.
So 0.5-2.0 million t Two five-year contracts.
Northern States Power Unspecified plants So 0.75-1.25 million t A short-term contract for 1994,
Otter Tail Power Co. Big Stone So 1.5 million t Contract for 2-5 years.
Portland General Electric  Boardman Caballo Rojo Sp N.D.
Springfield [MO) City Southwest Antelope T 40,000 t
Ultilities James River So 0.4-0.5 million t
West Texas Uility Oklaunion Caballo Rojo Sp 350,000 t
Cordero T N.D.

'Data obtained from : Coal Week, trade joumals, periodicals, FERC database, and personal contacts.
N.D. =no data available; C =contract coal; T =Test burn; Sp =Spot coal, So =solicitation; t =shorl ton; tpy =tons per






Gypsum

Gypsum has been produced in Wye g in small amounts ever since the
earliest settiements were established. Tc s near gypsum deposits, especially
Laramie, Sundance, Newcastle, Lovell,  =ybull, Worland, Thermopolis, and
Cody (Figure 18) had small gypsum wor  gs for the production of plaster and
whitewash. Most of these workings are  longer identifiable. The following
information is summarized from publis 1 and unpublished data from the
Wyoming State Board of Equalization, the Wyoming Ad Valorem Tax Division,
the Wyoming State Inspector of Mines, e U.S. Bureau of Mines, and the
Wyoming State Geological Survey.

Gypsum was mined near Laramie, and used in plaster and locally manufac-
tured cement even before thetownwas e  blished. These products were used
by the LU.S. Army at Fort Sanders inthe ¢ struction of the first structures at the
post, which was originally established to  tecttravelers on the Overland Trail.

In the 1920s and 1930s, there was a small plaster plant about six miles
south of Laramie along the Union Pacific Railroad at Willow Creek. Before that
time, other plaster plants operated in the Bighorn Basin and Black Hills areas of
Wyoming, although productionrecordsb  re 1920 are incomplete or nonexist-
ent. The Laramie plaster plant processed both gypsum from the Triassic
Chugwater Formation and gypsite, an  iporite consisting of gypsum, from
Quaternary deposits.

Large scale development ofthe gyps  1resources in Wyomingbegan in the
early to mid-1960s (Figure 19). In 1861, onolith Portland Cement now owned
by Mountain Cement first reported gyp: n production for use in its Laramie
cement plant. Until 1989, gypsum for the plant was mined from deposits in the
Triassic Chugwater Formation at Red Mc  tain, 40 miles southwest of Laramie.
The present source of gypsum for the plant; however, is the Chugwater
Formation at Willow Creek, south of Laramie (Figure 19). This, incidentally was
the source forthe gypsum used by the old plaster mill that was mentioned earlier.

Big Horn Gypsum started production of gypsum for wallboard in 1963 near
Cody (Figure 18). In 1966, this plant was bought by the Celotex Corporation,
the current operator.

Georgia Pacific Co.’s gypsum mine and wallboard plant began production
in 1967 southeast of Lovell (Figure 18), and have been in continuous production
ever since. The gypsum is mined, ap »priately enough, from the Jurassic
Gypsum Spring Formation.

Asillustratedin Figures 19 and 20,!  production of gypsumhas in general
increased since these early beginnings, despite a recent decline in the price of
gypsum. The downturns in production in the late 1960s, 1974-1975, and the
early 1980s reflect national recessions ¢ taffected business and manufactur-
ing.
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below that of 1992. Most of this decline in production was due to a drop in
exports, particularly to Japan, but also to Europe, which is in an economic
recession. The domestic demand for scda ash, which is used in the manufac-
ture of glass, detergents, chemicals, pul ind-paper processing, and controi
agents for stack emissions, increased slic  y. Some of this increase was in the
production of automotive and flat glass. Hecycling, on the other hand, cut into
the use of soda ash for new container glass (bottles, etc.). The use of soda ash
in emissions control remains a growth possibility (Breunig, 1994).

FMC announced in early March that it was going ahead with a $140 miliion
expansion project in Wyoming. A $80 mil 1 phase, which will increase mining
efficiency and result in the underground :  rage of tailings, is to begin as soon
as permits are obtained. Later, the remaining $50 million would be used to
increase the processing capacity of the soda ash plant.

In late March, the Wyoming Indust | Siting Division (ISD) indicated it
would approve FMC’s initial $90 million phase, but not the remaining $50 million
expansion of capacity. The I3SD said that it still had concerns about possible
adverse socio-economic effects since FMC was one of several companies with
development or expansion projects in the Green River area. Atissue are Wold
Trona's plans for a new trona mine and ‘inery complex as well as possible
expansion plans by the other four prc icers: General Chemical, Rhdne-
Poulenc, Solvay Minerais, and Tg Soda  h.

General Chemical announced thelay  ofabout 30 workersin early March.
General cited a decline in demand for soda ash as a reason for reducing
production and laying off the workers.

For 1994, the production of soda as  ‘rom mined trona in Wyoming may
decline or increase slightly. What happe depends a lot on soda ash exports.
Ifthe U.S. and Japan get into a trade war, exports and Wyoming production will
likely decrease. In the absence of a trade war, a modest increase in domestic
consumption of soda ash, coupled with a flat export market, could result in a
small increase in production.

References cited

Breunig, W.L., 1994, Trona production ¢  exports decline: Engineering and
Mining Journal, v. 195, no. 3, p. 47-

Davis, L.L., 1993, Gypsum: U.5. Bureauo  nes Mineral Commodity Summaries
1993, p. 76-77.

Davis, L.L., 1992, Gypsum: U.S. Bureau of Mines Annual Hepon, 13 p.

Foster, R.B., 1994, Sulphur{s/a, difficultir  <etconditions continue: Engineering
and Mining Journal, v. 195, no. 3, p. 48-50.
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Table 8. NUEXCO end-of-month

spot market price of yellowcake,

October, 1992, to November, 1993

in current dollars.

Month UNADJUSTED ADJUSTED
PRICE PRICE

Oct 1992 $8.00

Nov 1392 7.80

Dec 1092 7.85

Jan 1993 7.65

Feb 1993 7.60

Mar 1993 745

Apr 1993 7.10

May 1993 7.00

Jun 1993 1.00

Jul 1993 6.90 10.00

Aug 1993 6.90 10.00

Sep 1093 6.90 10.20

Oct 1993 6.90 10.15

Nov 1993 6.90 9.90

Dec 1993 6.95 9.85

Jan 1994 7.00 9.50

Feb 1994 7.00 9.45
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Figure 22. Locations of active uranium producers in 1893,
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In mid-danuary, Energy Fueis Nuclear (EFN), announced that it was
planning to begin construction of an in-situ recovery plant and well field at its
Reno Ranch property this year (Figure 23). EFN has applied to the U.S. Nuclear
Regulatory Commission for a materials handling license. The property could be
operational by the end of 1994 or in early 1995, according to EFN spokesmen.
When operational, the Reno Ranch property would be the third active in-situ
uranium recovery operation in Wyoming.

The use of nuciear power continues o increase werldwide, with the notable
exception of the U.S. According to the U.S. Energy Information Administration
{ElA), the use of nuclear power is expected to increase between 0.4 and 1.5
percent annually until 2010, which represents an increase in nuclear generating
capacity from 351 gigawatts per yearin 1993 to 427 gigawatts per year by 2010,
The EIlA report notes that although the U.S. currently leads the world in nuciear
capacity with 99 gigawatis or 23% of the world's total, the EIA forecasts no
increase forthe U.S. by 2010, There are no new nuclear power plants projected
or under constructionin the U.S., making it the only developed nation in the world
that is not increasing its nuciear-powered electrical generating capacity (EIA,
1993).

The EIA also reports that the total amount of spent nuclear fuel generated
by U.S. nuclear power plants, since the first plant began operating in 1957,
amounts to 28,660 tons of material (E|A, 1993). Other countries recycle spent
fuel into reprocessed nuclear fuel through re-enrichment processes. The EIA
estimates that U.S. nuclear power plants, between now and 2030, will generate
93-123 more tons of spent fuel {EIA, 1993). Inthe U.S,, Federal law, prevents
the reprocessing of spent fuel into nuclear fuel. Instead, spent fue! is stored at
nuclear power plant sites throughout the country. There are several sites under
study in the U.S. for temporary or permanent storage of the high-level radicac-
tive waste.

The EIA {1993) also states that 2.6-2.9 billion pounds of uranium will be
needed to fuel the world's nuclear power plants between 1993 and 2010.
Currently, the best estimates of world uranium resources (recoverable at $20.00
per pound) are 2.3 billion pounds (EIA, 1993). This is exclusive of the CIS,
People’s Republic of China, and eastern Europe. These statistics indicate that
the price of uranium in the world market could increase in the next 16 years, as
a resuilt of supply and demand. For the first time since 1979, there may be an
incentive to increase uranium exploration and mining. It is still too early to say
if this increase in worldwide demand for uranium will result in a significant
recovery for Wyoming's uranium industry. Since Wyoming's producers are
competing in a world market, the comparatively high domestic costs of mining,
environmental protection, transportation, and the like will affect their ability to
compete. However, the recent increase in Wyoming's in-situ production may
reflect this projected demand, and gives some hope to uranium investors.
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1989 showed mineralization to at least a  pth of 650 feet. At that depth, the
mineralized zone was 80 feet wide. Annabel plans to begin exploration in early
May.

An Associated Press article in the Laramie Boomerang (3/27/94) reported
thatthe U.S. Forest Service intends to witt  aw the site of the old Kirwin mining
town in the Absaroka Mountains of northwestern Wyoming. While the with-
drawal is to protect the structures remaini  on the site, it may well include the
Wolf shaft, which is close by. The Kirwin porphyry represents Wyoming’s
largest known reserves of economically recoverable copper with associated
values in molybdenum, silver, gold, lead, zing, and titanium (See discussions of
copper, lead, zinc, and molybdenum belc

Diamond

The Colorado-Wyoming kimberlite ovince includes more than 100
kimberlite intrusives, one of the largest lamproite fields in the world, and dozens
of unexplored geophysical, remote sensing, and heavy mineral anomalies. One
district withinthe province, known asthe C  Jrado-Wyoming State Line district,
consists of about 35 Early Devonian kimberlite dikes and diatremes {(many of
which are diamondiferous). This district extends 3 miles north into Wyoming
and 10 miles south into Colorado (Figure 24). A&E Resources, Bald Mountain
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Figure 24. Sites and districts inthe Colorado-V  ming Province which contain kimberlite,
lamproite, and(or) kimberlitic heavy mineral ¢ malies.
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Figure 25. Histogram showing annual copper production from Wyoming in millions of
pounds. The increase in production from 1892 to 1908 was principally the production from
the Ferris-Haggarty mine.

tons of ore averaging 0.505% Cu and 0.022% MoS, at a 0.3% Cu cutoff grade
(Table 9). One estimate suggests the value of the contained metalsis more than
$200 million. Reserves amenable to open pit mining were calculated at 160.8
milion tons (Rostad, 1983). A 1991 study indicated the deposit was also
amenable to in-situ leaching at recovery costs of only $0.309/pound Cu (Ora
Rostad, pers. comm., 1992). Copper currently is valued at $0.85/pound.

Veins in the district have been ex red along strike for only limited
distances even though some are traceable for as much as 2,500 feet. Some yield
strong mineralization over minable widths (Wilson, 1964; Rostad, 1982). The
Qregon vein, for example, yielded ore grade values across widths of 3 feet (17.8
ounce per ton [opt] Ag and 0.08 opt Au). The Little Johnnie vein yielded values
of 64.7 opt Ag and 0.12 opt Au across widths of 1.5 feet. The bestvalues inthese
two adits were obtained next to the mine face. A select sample across 0.5 feet
of the Mendota vein from the Galena Ridge tunnel averaged 101.35 opt Ag and
0.283 opt Au. The average of 31 samples taken over a strike distance of 98 feet
on the Bryan vein on Spar Mountain averaged 0.13 opt Au, 29.5 opt Ag, and
0.73% Cu (Rostad, 1982).

The district also has potential for undiscovered mineralized breccia pipes.
Spar Mountain, south of Bald Mountain, may also represent a separate miner-
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Mineralization occurs in veinlets, fracture fillings, and disseminations. The
deposit contains an estimated 35 million ns of ore at an average grade of
0.21% Cu and 0.022 opt Au (Table 11). S ctrographic analyses also showed
traces of lead, zinc, and tungsten, and 0.5 to 3.0% TiO,.

In 1987, Caledonia Resources Ltd. of Canada leased the property. The
company reported preliminary gold estimates on the order of 4.5 million tons of
ore averaging 0.044 opt Au. Sampling s gests the deposit has a minimum
strike length of 600 to 700 feet with a 30C ot width and is open at depth.

Geochemical and geophysical anomalies suggest that the known resource
may be substantially larger. For example, a large magnetic anomaly (1,000 feet
wide x 2,000 feet long, and 450-gamma agnitude), aimost identical to that
reflected by the Copper King ore deposit, was identified in a gravel covered area
4,500 feet to the southeast. Soil samples over this anomaly returned some
anomalous values for the pathfinder elements mercury, zinc, and arsenic.
Geological and geophysical evidence als suggests the presence of sulfides
down plunge to the southwest and to the east. An |.P. survey identified a
moderate to shallow, metal-factor anor ly trending east-northeast of the

principal mineralized area.
Compass Minerals out of
Reno is currently explering

Table 10. Copper plus molybdenum reserves this deposit.

for the Needle Creek h Luk ki,

1(:;'69)-3 cedle Cresk porphyry (Lukanuski ~ Overthrust Belt: The
Overthrust Belt in western

Cutoft (Cu+MoS,) Tonnage Grade Wyoming includes a r!umber
of scattered copper-rich red

0.2% 96,378,267 0.35% bed deposits. The principal

33%, aeoser  0dek district is the Lake Alice dis-

0.40% 19,376,800 0.58% trict near Cokeville.

0.50% 14 596 800 0.62%

0.60% 4.720,000 0.76%

Selected grab samples
from the Lake Alice district
assayed as high as 24% Cu,
1.5% Pb, 7.25% Zn, and 45
opt Ag (Loose and Boberg,
1987). A core hole drilled in
the highly mineralized area
at the Griggs mine yielded

Table 11. Repored reserves for the Copper
King mine, Silver Crown district.

{mlllions) {%} {opt) (wasteg depths of less than 40 feet
%g 8% 88% 1 2 that ran 5 feet of 0.26% Cu,
135 0.26 0.028 18 10 feet of 0.48% Cu, and 13
35.0 021 0.022 20 feet of 0.37% Cu; 3 feet of

Opt =ounces/ion 0.77% Zn, 5 feet of 0.37%
Zn, 2feetof0.21% Pb,and 5
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The Charter Oak was anotherimportz mine in the district near the tumn of
the century. The Charter Oak vein contains chalcopyrite, chalcocite, bornite,
and azurite in a gangue of quartz, jasper |, schistose wall rock, calcite, and
some chalcedony (Spencer, 1904). Some high-grade gold ore was found on the
property (Beeler, 1905).

The mineralized rock was traced 2 miles on the surface and vaned in width
from 14 feet at the Charter Qak shaftto 10{ ‘eteisewhere. ithas been reported
that the ores carried as much as 4 to 5% cobalt (Armstrong, 1970).

The Kurtze-Chatterton mine was one of the three most productive mines
from the Encampment district. Widesprec copper mineralization was found in
veins and shears in Sierra Madre granite. The property reportedly contained five
distinct veins ranging in width from 1810 4: et. The ore consisted of chalcocite
and chalcopyrite (Spencer, 1904).

Locally, the granite exhibits potassic alteration. Reconnaissance of the
property in 1991 identified a mineralized zone extending over a strike length of
4,000 feet. The zone swelled from arelati |y narrow width to possibly 800 feet
wide. Samples collected on the property 3lded none to 28.10 ppm Au, none
to 7.24 ppm Ag, 4.0 ppm to 12.55% Cu, and none to 0.8% TiO,, with trace
amounts of lead and zinc.
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MINERA ESOU CEA D
ESF VEBA T}k (MATES I ')R'W OMIM ¢

PETROLEUM
Remaining Resources (January 1, 1994)
Discovered {Includes 10 billion barrels recoverable by enhanced recevery techniques)........oee..... $2.4 billion barrels!
Undiscoverad 7.6_billion barrels’

TORAI oeeeeeee s et ssassase bt sesstsessamse s aran e 8 e s et AR £ AR RRA bbb 20.0 billion barrels

Remaining Reserve Base {January 1, 1834)

Measured reserves (Proved reserves) {Includes oil, gas liquids, and condensate) ..ot 1.28 billion barrels?
Indicated and inferred reserves 2.80 biliion barrels’

Total .4.08 billion barrels
NATURAL GAS
Remaining Resources (January 1, 1994)
Discavered (Includes 20.1 trillion cubic feet (TCF) of methane’ and 122.0 TCF of CO,%) ..ccounueee. 140.0 trillion cubic feet
Undiscovered {Includes 58 TCF of conventional methane!: 7 TCF of coalbed methane*; 3,611 TCF
of methane in tight gas sands in the Green River Basin®; and 31.2 TCF of C0,%) ooz 3,767.2 trillion cubic feet
Total

....... 3,847.2 trilfion cubic teet
Remaining Reserve Base (January 1, 1994)

Measured reserves {Proved reserves) (Includes 10.4 TCF of methane? and 60.4 TCF of 0023} ....... 70.8 trillion cubic feet

COAL
Remaining Resources (January 1, 1993)
Idensified ang Hypothetical {Discovered) 1,428.0 hillion tons®
Speculative (Undiscovered) 31.5 bilion tons®
Total 1,459.5 billion tons
Remaining Resarve Base (January 1, 1993)
Demonstrated strippable (Measured and indicated raserve base) 26.4 billion fons’
Demonstrated underground-minable {Measured and indicated reserve base) 42.5 hillion tons’
Total 68.9 billion tons

TRONA

Original Resources (1990 estimate)

Trona 81.0 billion tons®
Mixed trona and halite 52,7 bilfion tons®

Total 133.7 billion tons
URANIUM

Remaining Resource (December 31, 1989) 1.98 billion poundsl;05°

Remaining Reserve Base (December 31, 1989)

Uranium oxide recoverable at $30.00 per pound 86 million pounds?
OIL SHALE

Original Resources {January 1, 1987}

Identilied (Discovered) 320 billion barrets of shale il

1 Modified from Barlow, J.A., Jr. and Doelger, M.J., 1983, Wyoming mineral resources: Barlaw and Haun, inc., Casper, 14

p.
2 Modified from Energy Infarmation Administration, 1993, U.S. ¢rudas oil, natural gas, and natural gas liquids reserves: 1992
Annual Report, October, 153 p.

3 De Bruin, A.H., 1891, Goalogical Survey of Wyoming Open File Report 81-6, 20 p.
4Jgr_‘|es,| H.\é\g. ?gd Do Bruin, A.H,, 1950, Coalbed mathane in Wyoming: Gaclogical Survey of Wyoming Public Information
ircular 30, 15 p.

5Law, B.E., and others, 1989, Eslimates of gas resources in ovarpressured iow-permeability Cretaceous and Tertiary
sandstone reservoirs, Greater Gresn River Basin, Wyoming, Colorado, and Utah: Wyoming Geological Association, 40th
Annual Field Conference Guidebock, Casper, Wyoming p. 39-61.

8 Modified from Wood, G.H., Jr. and Bour W.V., 1ll, 1988, Goal map of North America: L).S. Geological Survay Special
Geologic Map, 1:5,000,000-scale {color) and 44 p. pamphist.

T Modifiad frem Jones, ALW., and Glass, G.B., 1992, Demonstrated reserve base of coal in Wyoming as of January 1, 1991:
Geolegical Survey of Wyoming, Open File Report 92-4, 26 p.

8 Modified from Culbertson, W.C., 1983, Genesis and distribution of trona deposits in Wyoming (abstract) in Genesis and
exploration of metallic and nonmetallic mineral and ore deposits of Wyoming and adjacent areas: Geological Survey of
Wyoming Public Information Circular 19, p. 34,

9 Energy Information Administration, 1989, Uranium industry annual; .S, Department of Energy Report DOE/EIA-0478(89),
121

e Knuts;:n, C.F,, and Dana, G.F., 1982, Deveiopments in ¢il shale in 1981: American Association of Petrcleum Geologists
Bulletin, ¥Yolume 66, no. 11, p. 2513.
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Inthe early 1980s diamonds recovered from the Schaffer-Aultman kimberlite
intrusives north of the Kelsey Lake kimberlites by Cominco American Inc.,
included several gemstones. The largest was a 0.86 carat gemn. The testing of
this property yielded grades of 0.005 to 0.01 carat/tonne. Additionally, an
airborne INPUT survey over the region in the early 1980s suggested the
presence of several pipes along the northemn edge of the district. Although none
of these anomalies have been investigated, this area was acquired by Fleck
Resources of Vancouver. Fleck Resources was reportedly collecting stream-
sediment samples in the district as well as farther north in the Wyoming craton.

Exploration was also reported by several companies north of the State Line
district within the Laramie Mountains. This activity was the direct result of
previous stream-sediment sampling surveys conducted by the Wyoming State
Geological Survey over a 12-year period and published as Cpen File Report 88-
11 (revised in 1993). The State Geological Survey has identified 300 kimberlitic
heavy mineral anomalies in the southern and central Laramie Mountains in more
than 1,600 stream-sediment samples. Several of these anomalies were iden-
tified in the Archean craton. Some additional anomalies were also detected in
the Medicine Bow and Seminoe Mountains to the west, within the craton.

Similar heavy mineral anomalies have beenidentified in the southern Green
River Basin of southwestern Wyoming. Some exploration was reported in the
southern portion of the basin where chromian diopside and pyrope garnet grains
up to 6 mm (0.25 in.) have been recovered from anthills and roadcuts. The
surface extent of these anomalies covers many square miles and lies within the
craton.

Four companies also obtained property positions in the Leucite Hills of the
Green River Basin during 1993. The Leucite Hills encompasses one of the
iargest lamproite fields in the world. The Wyoming State Geological Survey is
currently pracessing a bulk sample of olivine-bearing lamproitic agglomerate
from the Leucite Hills. The testing is pan of a grant-related project funded by
Union Pacific Resources to study the diamond potential of the lamproites.

During 1993, the Wyoming State Geological Survey also began mapping in
the historical Jelm Mountain district in the Medicine Bow Mountains of south-
eastern Wyoming. The Jelm Mountain district consists of an isoclinally folded
metamorphosed succession of amphibolite-grade volcanogenic gneisses and
schists. The succession is part of a targer Proterozoic succession of island arc
volcanogenic schists and gneisses found in the southern portion of the Laramie,
Medicine Bow, and Sierra Madre mountains. Samples collected from various
prospects in 1993 yielded 26 ppm to 1.39% Cu, none to 0.1% Pb, 29 ppm to
0.43% Zn, none to 4.0 ocuncefton (opt) Ag, and none to 0.07 apt Au. The area
was explored by Red Mountain Mining Co. in 1992 and 1993.

During the 1993 field season, the Wyoming State Geological Survey also

completed mapping of 40 square miles of previously undifferentiated Archean
rocks of the Rattlesnake Hills supracrustal terrane in the Granite Mountains.
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deposits reported elsewhere inthe U.S. The Sb, Hg, and Au contents; however,
are comparatively low. Gold was detected in 18 of 110 chip samples, but the
values ware very low (trace to 0.110 ppm). To date, no buik samples have been
taken,

A study of the Seminoe Mountains greenstone belt in southeastern Wyo-
ming was completed by the Wyoming State Geological Survey and published in
the Wyoming Geological Association's annual field conference guidebook for
1993, The resuits of the two-year study indicate that the Seminoe Mountains
consist of a folded succession of metabasalt, amphibolite, peridotitic and
basaltic komatiite, metapelite, and banded iron formation (BIF).

Numerous altered BIF samples were collected throughout the district.
These yielded anomalous gold (none to 1.36 opt), silver (trace to 0.5 opt), and
a zinc anomaly (0.28%). Some amphibolites mapped near the western edge of
the district are moderately to pervasively aliered to chlorite, carbonate, actino-
lite, and epidote. Vein samples from this area ranged from <0.05 ppm to 89.3
ppm Au, <1.0 to 55.0 ppm Ag, 0.03 to 3.75% Cu, 3.0 ppm to 0.39% Pb, and 22
ppm to 4.3% Zn. Two altered wallrock samples were assayed: one limonite-
stained metatholeiite with secondary quartz yielded 9.8 ppm Au, 12.0 ppm Ag,
and 0.81% Cu. Another sample of chloritized metatholeiite yielded 0.12 ppm Au,
<1.0 ppm Ag, and 0.09% Cu.

A sample collected from a paleoplacer along the northern flank of the
Semince Mountains yielded some gold as well as several purple and lavender
pyrope garnets and some chromian diopside. The source of these heavy
minerals is probably the Bradiey Peak area along the western edge of the
district.

The Copper King prospect in the Silver Crown district in the southern
Laramie Mountains was explored by Compass Minerals in 1993. The property
is interpreted as a low-grade, Proterozoic-age, Cu-Au porphyry. Based on
previous exploration efforts in the area, the deposit is mineralized over a 600 by
300 feet area with potential for expansion. Previous drilling on the property
outlined a 35-million-ton ore body averaging 0.21% Cu and 0.022 opt Au. A
higher grade 4.5-million-ton core averages 0.044 opt Au.

In 1993, some interest was also reported in the South Pass greenstone belt
in the Wind River Range of western Wyoming. According to the Northern Miner
(July 12, 1993), Hol-Lac Gold Mines was negotiating for financing to continue
sampling and drilling the historical Carissa gold mine. Earlier work by Hol-Lac
showed the Carissa shear continued to a depth of at least 150 feet below the old
mine workings. At 650 feet below the surface, Hol-Lac intersected an 80-foot-
wide shear zone that yielded values ranging from a trace to 2.5 opt Au.

Earlier sampliing of the shear zone by the Wyoming State Geological Survey

identified a 100-foot-wide mineralized shear. The Carissa gold mine was
Wyoming's most productive historical gold mine.
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aggregate operation at Wheatland, Wyoming. The company wilt still operate
under the name Georgia Marbie.

There was considerable interest in zeolites in 1993, and three companies
studied and sampled surface occurrences. The zeolite deposits that received
the most interest were located in the Washakie Basin southeast of Rock Springs.
Unfortunately, investmentinterest and developmentof these deposits is thwarted
by an existing oil shale withdrawal, which prehibits the location of claims for
zeolites and other minerals.

By year's end, several companies had contacted the Wyoming State
Geological Survey regarding interest in Wyoming's silica sand, mica, or ver-
miculite occurrences and resources. Two of these companies scheduled field
exploration for silica sand for the spring of 1994; another two plan to investigate
mica occurrences; and two others firmed up visits to inspect ocecurrences of
vermiculite in the summer of 1994,

COAL

Although annual coal preduction in Wyoming rose from 189.5 million tons
in 1992 to a record high of 209.9 miilion tons in 1993, there was very little if any
actuat exploration for coal in Wyomingin 1993. Activities regarding new Federal
coal leases provide the best indication of interest in new properties or property
expansions. The most lease activity is still in the Powder River Basin where
there were five pending lease applications.

in 1991, Meadowlark Farms, a subsidiary of Amax Coal Company, applied
for a Lease by Application (LBA) sale to expand its Federal lease at the Eagle
Butte mine incentral Campbeli County. The new lease would add approximately
150 million tons of coal to the Eagle Butte property. Public comment on the
environmental assessment for this sale ended on December 31, 1993, with a
tentative sale date set for late in 1994.

Similarly, in 1992, SMC Mining Co., a subsidiary of Zeigier Coal, applied to
the U.S. Bureau of Land Management (BLM) asking the BLM for the “North
Roundup” LBA sale of 140 million tons of coal adjacent to their North Rochelle
mine in southern Campbell County. Officials from Zeigler feel the mining of this
coal might begin as early as 1996.

Carter Mining is still negotiating with the BLM in regard to a 1992 application
forabypasslease. If approved, the new lease would add about 20 acres to their
Caballe mine property in central Campbell County. The BLM cannot modify the
lease nor order Carter Mining to mine coal that might be bypassed until they
receive a fair market value bonus from Carter Mining. !f the BLM and Carter
Mining cannot agree on a bonus amount, one millien tons of coal will be
bypassed. This tonnage is less than one month of production from the Caballo
mine.
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Buttes and Shirley Basin areas of Wyoming. Energy Fuels Nuclear acquired the
Reno Ranch property southeast of the Pumpkin Buttes from Union Pacific
Railroad—Minerals, and they are considering the construction of an in-situ
production facility on the property.

The Green Mountain Mining Venture (GMMV} continued to develop its
Jackpot underground mine on Green Mountain south of Jeffrey City. Permitting
and environmental assessment work occupied the GMMV for most of 1993.

EOLOGIC ] APPING AND ST! ATIGRAP.

by Alan J. Ver Ploeg
Staff Geologist-Geologic Mapping, Wyoming Slale Geological Survey

L RA] E AREA MAPPI! : FUNDED

The Wyoming State Geological Survey recently received $12,000 to sup-
port geologic field mapping in the Laramie Basin of Albany County. The
Geologic Mapping Section applied for funding through the State Geoclogic
Mapping Program (STATEMAP), which is administered by the U.S. Geological
Survey. STATEMAP is a component of the National Geologic Mapping Act of
1992 in which States and the Federal government share dollar for dollar in the
cost of geclogic mapping projects. For the 1994-1995 funding period, there was
approximately $1.65 million available to State Geological Surveys for these
kinds of proposals.

The awarded funding will support geclogic mapping in the Laramie area.
Mapping of the Laramie 1:24,000-scale quadrangte (Figure 26} will begin in the
first year of a three-year project in which a total of six 1:24,000-scale quad-
rangles willbe mapped. Afterthese maps are completed, they and other existing
mapping will be compiled at 1:100,000-scale to produce the Laramie 30' X 60'
color geologic map. As they are completed, the 1:24,000-scale quadrangles wil}
be published as Open File Reports.

Very little in the way of published geologic mapping exists for much of the
area included in the Laramie (1:100,000-scale) Quadrangle and the city of
Laramie is the only larger city in Wyoming without a published larger scale
geologic map to coverit. Accurate geologic information enhances the chances
of finding good water well sites in'the area, aids in the location of needed sand,
gravel, limestone, and other construction materials, and helps in land-use
ptanning.
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4 CE CREEK ACECPFP DJPOSED

The U.S. Bureau of Land Management (BLM) recently proposed desigha-
tion of more than 560 square miles in Niobrara County as an Area of Critical
Environmentai Concern (ACEC) to help protect the paleontologic values in the
area. This area, located north of the town of Lance Creek (Figure 26), was
designated as the Lance Creek National Natural Landmark in 1966. The first
horned dinosaurs as well as the first Cretaceous mammals found in North
America came from the Lance Creek area. Fossils have been collected from the
Upper Cretaceous Lance Formation in this area since 1888. The University of
California, alone, has collected more than 30,000 fossil vertebrates represent-
ing at least 75 species from these deposits.

The area’s present designation as a National Natural Landmark, includes
stipulations on activites that disturb the surface in an effort to protect undiscov-
ered fossils. Designating the area as an ACEC apparently will not create
additional protection for fossils, but it will require an inventory of the paleonto-
logic resources. Governor Sullivan and others have expressed concern regard-
ing the large size of the proposed ACEC and the potentially high cost for the
management and the inventory of the area.

4 3E 21 C RE]
EARTHQUAEKE EPICENTERS MAP PUBLISHED

Two new geologic reports, Public Information Circular (PIC) 32 and Open
File Report (OFR) 94-1 have recently been published by the Wyoming State
Geological Survey. PIC 32 is a comprehensive description of the geology,
mining districts, and ghost towns of the Medicine Bow Mountains and the Snowy
Range Scenic Byway in southern Wyoming (Figure 26)}. It is an excellent
publication for anyone interested in the economic and general geology and
history of the Snowy Range area. OFR 94-1 discusses earthquake epicenters
and active faults with surface expression in Wyoming and is an update and
revision of OFR 90-10. The complete citations for these two new publications
are given on p. 81 of this issue.
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EARTHQUAKE EPICENTERS IN THE STAR VALLEY AREA
Februvary 2, 1994 - February 19, 1994
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Figure 28. Locations of the University of Utah’s epicenters for the January 30-March 19,
1994, earthquakes in the Star Valley area of Wyoming and in adjacent portions of ldaho.

usually has a few seismic wave detection and recording instruments as well as
a transmitter to relay the information. After the data on an earthquake are
collected, seismologists use that data to determine the earthquake’s location. In
order to analyze the data, the seismologists have to use velocity models that
they have generated for the area of concern. A velocity mode!l may include
knowninformation on the local and regional geology, as well as the seismic wave
transmission properties of bedrock and surficial materials. When possible,
information on known faulting and other features, such as the presence of
magma chambers, may be inciuded in the model.

As mentioned above, seismologists collect and analyze data received from
their seismic stations. In or near Wyoming, there are a number of seismic
stations and networks (Figure 29). The University of Utah operates networks
in Yellowstone Nationa! Park as well as throughcut Utah; the U.S. Bureau of
Reclamation operates a network in the Jackson Lake area; the Idaho National
Engineering Laboratory operates a network in southeastern Idaho; Ricks Col-
lege operates a few stations in western Wyoming and eastern ldaho; and the
Montana Bureau of Mines and Geology operates a network in Montana. The
U.S. Geological Survey’s National Earthquake Information Center (NEIC), in
addition to financially supporting a few of the above networks, also operates a
small network in Boulder, Wyoming. The NEIC also receives data from a portion
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increase information exchange and provide more consistent reporting of
earthquake epicenters. For further information on the recent earthquakes

that were felt in the Star Vallev area contact lim Case at (307) 766-2286.
[ -

..EW PUBLICATIONS OF THE WYOMING STATE
GEOLOGICAL SURVEY

Geology of Wyoming, dedicated to Donald L. Blackstone, Jr., and J. David
Love, edited by A.W. Snoke, J.R. Steidtmann, and §.M. Roberts:
Memoir 5, 1993.- $75.00 plus postage and handling. Wyoming
addresses include 6% sales tax before adding postage. Add first class
postage of $5.00 (Wyoming), $10.00 (other states), and $20.00
(Imternational, including Canaday).

Guide to the geology, mining districts, and ghost towns of the Medicine Bow
Mountains and Snowy Range Scenic Byway, by W.D. Hausel: Public
Information Circular 32, 1993.-$10.00

Sixtieth Annual Report of the Geological Survey of Wyoming, Fiscal Year
1993, by G.B. Glass and S.G. Bruhnke.-free.

*Open File Report 94-1. Earthquake epicenters and suspected active faults
with surficial expression in Wyoming, compiled by J.C. Case, L.L.
Larsen, C.S. Boyd, and J.C. Cannia. (Revision of OFR 90-10).-$3.00.

*Reprint 55. Changing ideologies in Wy 1ing coal petrography, by J.C.
Shearer:-$3.00.

*Reprint 56. Mining history and geology of some of Wyoming's metal and
gemstone deposits, by W.D. Hausel.-$3.00.

*New releases since the last issue of W ming Geo-notes.

The Wyoming State Geological Survey sells the Atlas of Major Rocky
Mountain Gas Reaservoirs, a publice n prepared by the state geological
surveys of New Maxico, Colorado, | 1h, and Wyoming.- $99.75.
Available over-the-counter or PREPAID, by mail from the Wyoming
State Geological Survey in Laramie. Checks must be made out to: New
Mexico Bureau of Mines and Mineral Resources. (Price includes
postage and handling).

“Order these and other publications from: Wyoming State Geological Survey,
P.O. Box 3008, University Station, Laramie, Wyoming 82071-3008.
Phone: (307) 766-2286. Many oft se publications are also available
over-the-counter at the Wyoming Oil and Gas Conservation Commissicon
{Basko Building) in Casper, Wyoming.”
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