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PRELIMINARY RESULTS OF A SURVEY . 

FOR THICK HIGH-CALCIUM LIMESTONE DEPOSITS IN tHE . 'UNITED STATES 

By R. E. Davis, W. P. Wil1i&m6~ R. B. Johnson. and W. ~. ' Emerick . ' 

with a section on 

POSSIBLE ALASKAN SITES FOR NUCLEAR REACTION EXPnIMENT IN LIMESTONE 

By G. Donald Eberlein 

SUMMARY 

Of tbe many areas that nave received prel~inary appraisal as 

potential sites for an underground nuclear explosion in a thick sequence 

of high-calcium limestone, 101m the continental United States and 6 in 

Alaska appear to of~er possibilities of meeting the primary criteria 

of purity and thickness. Field examination of these areas can be 

undertaken to determine whether they are suitable. but an approximation 

of the tvne involved 8Ugg~8t8 that 6 man-weeks of fieldwork would be' 

required for eacb field appraisal. Purt'her work would be required to 

locate sites in any of tbe areas that proved p~om1sing. 

" 
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INTRODUCTION 

The U.S. Geological Survey made a preliminary study of limestone 

deposits in the United States and Alaska for the purppse of selecting 

those depo8ita of sufficient size. relief, and purity In which to conduct 

an underground nuclear test. The results of this survey, prepared at 

request of the Lawrence Radiation Laboratory, Livermore, Cal1f •• . are 

presented in this report. 

Information on the occurrence, location,' geology, and topography' 

of limestone deposits was obtained through search of the literature. 

lric1\l,dlng U.S. Geological Survey Bulletiu' 1019 .. 1, "Annotated bibliography 

of high calcium limestone deposits in the United States,lI and from many 

U.S. Geological Survey geologista whose detailed geologic knowledge of 

many areas In the UnitoeCl States. a6 cOJitained in the appendix. aided 

greatly in compl~t1on of the report. Informat1on cone.rnius lime.tone 

deposits In Alaska was fuwnished by G. D. Eberlein of the U,S. Geological 

Survey. 

SITE SELECTION AND EVALUATION CRITERIA 

The selection of areas containing possible underground test sites 

was made using specifications fUrnishe~ by the Lawrence Radiation 

Laboratory. These requirements are listed below in general order of 

significance with comments on the possibilities of their fulfillment. 

Requirement l~ Material to be greater than 95 percent CaC03 

(preferably 99 percent). 

It is possible to find such pure limestone in thicknesses of several 

tens of feet at many loca.lities. and. 1e&6 commonly,' a few hundred feet 
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can occur. Great tbickn~s6es of limestone generally include small to large 

£moLlnt B 0 f chert, dolomite; shale I .sands tone. and insolub le im.pur it iea. A 

thick limestone composed 0 f more than 95 percent CaC03 is uncommon. 

Requirement 2., Calcite is the preferred medium •. although a mixture 

of calcite and aragonite 1s acceptable' if pure calcite cannoe be located., 

Dolomite will not be considered as a suitable med~um. 

Requirement 3. Material should have no les6 than a 21 000-foot 

interval. 

Requirement 4. Depth of burial between l~OOO and 2,000 feet with a~ 

least 500 feet of material between zero pOint and boundary of the limestone. 

R~quirements 3 and 4 are interpreted to mean that ideal conditions 
. 
would include 2,000 feet of limestone with 95 percent or greater purity 

overlain by at least 1,000 feet of material that 18 not necessarily 9S 

percent pure limestone. If, however. depth of burial were at the minimum 

stated (1.000 feet) and the m1n~ amount of limestone stated (SOO feet) 

surrounded the zero pOint, it would seem that 500 feet of any mate~ial ' 

overlying 1.000 feet of limestone would be acceptable. 

Requirement 5. The formation shall be compact, massive, and 

structurally homogeneous. 

"Compact" eliminates any limestone that might be cavernous or contain 

open solution-dissolved joints; ltmassivell has I1>ot been taken literally, ' as 

it would rule out thin-bedded deposits; "structurally homogeneous'· pre-

eludes faulted areas but not areas that contain joints within the effects 

zone. 

Requirement 6. ' Water content to be less than 10 percent but no 
active waterflow. 
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Requirement 7. If possible" tunnel Access to the zero site 1s 

preferabl~ 'as it allows the addition of neutron experiments with the 

least amount of completion. 

Requirement 8. The site should be located in terrain which will 

allow drilling from the surface for , the emplacement of instrument •• 

Tcpography above the general area should not be too extreme; 

preferably fairly flat for aome distance around zero point. 

In general the requirements for such a test site in limestone ara 

highly restrictive. The requirements concerning purity and t~ickness 

(requirements 1 through 4) were considered of primary ~portance, whereas 

those for water content) structural homogeneity. tunnel accessibility, 

and terrain (requirements 5 through 8) were considered of secondary 

importance in that attempts to fulfill them' would depend upon local 

conditions. Such factors as population denSity, power And other facili-

ttes, an4 land ownership were for the,moet part d1lresarded. The selectioQ , 

of an actual test site would require extensive deta11e~ geologic, geophysical, 

and hydrologic study supplemented by physical exploration. 

A primary difficulty encountered in the selection of test areas was 

the inadequacy of description, specifically, the absences or sparseness 
,~ 

of chemical analyses of the limestones. In a broad sense, rocks classified 

as a limea~ne must contain greater than 50 percent carbonate minerals and 

greater than 50 percent of .the carbonate fraction must be calcite; thus a 

very wide range of rocks ~an be and are properly described s1~ly as lime-

6tones. bu~ a limestone that~conta1ns more than 95 percent calcite generally 

forms only 'a small part of a carbonate rock sequence. Undoubtedly some 

areas tentatively selected as 8uitable for underground teata ~ll' upon 
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detailed field evaluation prove unsatisfactary. On the other hand, areas 

deemed un5uited. from the literature search, might contain excellent test 

The regions considered in this study are Southeastern ,~n1ted States, 
( 

Western United States (principally the States west of Colorado), and Alaska. 

The greatest effort ~a8 devoted to study of the limestone deposits in 

Western United States and Alaska because of low population density. greater 

areas of bedrock exposure, high relief, and' relative low average rainfall. 

Summarized in table I are those areas that, based on the available geologic 

data, offer the best possibilities for teat sites that fulfill most of the 

requ1r~ments set forth on pages 5-7. 

Eastern United States 

The Northeastern States ' were not considered because the rocks are 

structurally complex, the bedrock exposures are poor, and in most area. 

that eon~ain limestone beds of sufficient purity, the relief is low. In 

addition, these states ~ave high population density· and relatively high 

average rainfall. 

None of the limestone deposits in the Southeastern States meet the 

specification for 1,000 feet minimum thickness. Most of. the uniformly 

high grade limestone deposits in these States are leS8 than 500 feet 

thick (B. Gildersleeve, writt~ communication. ' 1960). and uoncontorted 
, 

high-grade limestone deposits more than 100 feet thick are rare. Part 

of the Bangor limestone in northwest Georgia is as much 8& 500 feet thick. 

at least in part contains 95 to 99 percent CaC03,. and is thick bedded. 

The Ste. Genevieve limestone is high grade in most place., but it is 
• 



Table l.--Summary of data on high-calcium limestone areas for possible underground test sites 
in the Western UnHed States 

Map Formation Location Thickness CaCO) 
number (age) available (percent) 

(fig. 1) (feet) 

1 Devils Gate limestone Pequop Range Nearly 2.000 N.A. 11 
(Devonian) between U. s. 

Routes 40 and 50 
in northeast 
Nevada . 

2 Highland Peak and East .. central '>4,185 N.A. . 
Mendha limestones Nevada 
(Cambrian) . 

3 Bailey Springs East-central 2,200-2,300 N."-
Umestone Nevada 

. (Mississippian, 
Pennsylvanian, 
and Permian) 

4 Escabrosa and Southeastern Up to 1,500 98 but locally 
HorquiUa limestones Arizona upper part 
(Mississippian and silty and 
Pennsylvm ian) dolomitic. 

5 Unnamed (Mtddle and Central Nevada > ,'6,QOO± N."-
Upper Devonian) 11 

6 Unnamed (Devonian) 1.1 Central Nevada 2,OOO± A f~w ar.alyoi.Os 
indicate 95.:': 



Table l.--Summary of data on high-calcium limestone areas for possible underground test sites 
in the Western United States Continued --

• 
Hap Formation Location Thicknesa CoC03 

number (age) available (percent) 
(fig. 1) (feet) 

7 Madison, Deseret, Northeast >4~550 N.A. 
Humbug, and Great Utah 
limestone 

- (Mississippian) -
-

~ Great Blue and 'Bannock Range. >1,100 A lev analyses 
Humbug limestone Idaho i:adicate >95. 
(Mississippian) . 

9 Redwall limestone Lake Mead- <1,000 "Do. 
(Mississippian) Grand Canyon, 0 _ 

Arizona 

-10 Pole Canyon limestone East-central .±2,OOO N.A. 
• (Cambr1an) Nevada. 

11 N.A. - no analyses available. 
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" generally lesa than 1,000 feet thick. Locally 4.n' southwest Virginia it i's 

1,500 feet thick but contains sandstone, shale~ and argillaceous limestone. 

_Western United States 

• 
The :!.nformation obtained from evaluation o.f 18 areas 1n Nevada, 

Montana, Idaho, Texas, Arkansas, Utah, Co.lorado, 'Arizona, and New Mexico ' 

that are underlain by limestone deposits. are contained in the appendix. 

Of the 18 areas~ only 10 (table 1) are considered as warran't,ing further 

detailed study. In addition to these 16 deposits, information .not 

included in the appendix was obtained on the "Devils Gate formation in 
" 

the Ruberts . . Mountains, the "Great Blue" limestone. in the Oquirrh Mountains 

in Utah, and the' Mississippian iimestones 1'n the Gold Hill district in 

Utah ... The descri.p.t1ons of these formations in the litera·ture, however, 

indicate that excessive amounts of ~hert, dolomite, silt. sand, and shale 

are included in the s~ctions.. .Few or no chemical. analyses 'of t-hese beds 

are available. 

The most. favorable areas from the s'tandpoint o.f high-CaC03 limestone 

in required thicknesses are 1n central and east-central Nevada. north-

eastern Utah, southeastern Arizona, southwestern New MexiCO, arid Idaho 

.(table 1 and p. 16-33). 

Northeastern Nevada 

.' 
The Devils Gate limestone (table 1. fig. ~) of Devonian age, 

be~een U.S. 'Highways 40 and 50 in the Pequop Range, 1s nearly 2,000 

feet thick, and in the upper part is massive to thick bedded. No 

information is available conce~ing the chemical . co'mposition of the 
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.. 
limestone in this area. The Pequop Range has a steep western front and~ 

" 

ccnsaquently, is an area in which minimum tunnel length may provide a 

maximum vertical cover. The geologic structure of the area is apparently 

.simple; the rocks dip 10° to 15° eastward ar.d are relatively unfaulted. 

East-central Nevada 

The Highland Peak limestone and.~ndha lfmestone, both of Cambrian 

ag~, aggregate a thickness·of more than 4.185 feet in east-central 

Nevada. Modern chemical studies of the formations have not been made 

. for Ca/Mg •. From published descripti~ns the formations appear to be 

near1t free of silt, clay, and .chert; and field and laboratory study 

may locate a suitable site. 

'The.Bailey Sprin~limestone of ~ississippian, Pennsy!vani~t and 

Permian age averages 2,200 to 2,300 feet thick io the same general 

area. Published descriptions do not mention dolomite or dolomitic 

limestone in the section, but note that chert is uncommon. Field an~ 

laboratory study may· also determine a suitable site. 

Southeastern Arizona and southwestern New Mexico 

The EscabrQsa lUnestone o~ Mississippian age is the thickest 

section of nearly pure limestone' about which MU~h is known. A few Ca/Mg 

ratios suggest that the formation averages 98 percent pure CaC03 • The 

im~ure fraction is in the form of lenses of dolomite. Locally. the 

formation contains no dolomite, but may have as much as 5 pe~cent 

ch~rt. The &scabrosa averages 650 feet tpick. Overlying the 

Escabrosa limestone is the HorquUla limestone that ranges 'fro'm 
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600 feet to perhaps 1,500 feet in thickness. The Horqu111a is composed 

of limestone and silty limestone; locally, the' silt may be more than 5 

percent of the rock. Generally, the Escabrosa becomes more dolomitic 

to the west and the Hor~uilla becomes thicker and siltier to the 'north 

and east. It may be possible to find a section where there is n'o 

dolomite in the Escabrosa and less than 5 percent silt in the Horquilla. 

but it would be optimistic to expect more than 1,500 feet of nearly 

pure limestone in this area. Fieldwork consisting of stratigraphic 

measurements, mapping,' lithologic description, and sampling for CalMg 

determination would be necessary to locate a site that would meet the 

specifications. 

Nevada Test Site and vicinity 

Particular attention was cevoted to evaluation of limestone 

deposits in the Nevada Test Site. From our present knowledge of the 

general geology of the Test Site, there are no limestone deposits con­

taining a mfnUnum of 95 percent CaC03 and a minimum of 1.000 feet thick. 

Possible limestone areas north and east of the Test Site in the 

Las Vtigas Bombing and Gunnery R.ange could be explored i£ thicknesses on 

the order of 500 feet would be aC,ceptable. The lithology of the carbonate_ 

units changes regionally; consequently the limestone section, which is 

not satisfactory at the Nevada Test Site, may prov,e sat"isfactory several 

miles outside ~f the Test Site boundary. 

There are two localities within and adjoining the Nevada Test, 

Site that contain 500 to 675 feet of nearly pure limestone which should 

be investigated if the experiment can be scaled down. These are at 

Banded Mountain and Jangle Ridge. 
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The southern part of Banded Moun'tain. on the east side of Yucca 

Fla~. is one of the least faulted localities exposed on the Nevada 

T •• t Site. More, the C and D unita of 'the Yuoca Flat tormat1ou are 

675 feet thick and dip about 40· SW. Unit A of the ~ucca Flat formation 

creps ou~ on Jangle Ridge. 2 miles east of Banded Mountain. This unit 

is 570 feet thick and dip's also southwest. ,probably about 35° to 40°. 

" 
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Areas investigated in Western United 'States for underground site 

in limestone 

Area 1 

Central Nevada 

Location: Sees. 7,. 8, 17, 18, and 19 (unsurveyed), T. 25 N., 

R. 50 E •• Eureka County. Nev.; Horse Creek Valley quad., 

IS-minute series. 

Land ownership: Public Domain and private. 

,Geologic formation: 'Unnamed; correlates with Nevada and 

Devils Gate lim'estone; Middle an4 Uppe~ Devonian age. 

Analysis: Samples taken by Harold Masursky. U~S. Geological, 

Survey, but no results to date (October 27, 1960). 

Water content~ Dry. ' 

Interval: ~,OOO feet. 

Depth burial: 150 feet of basalt caver. 

Structure: , Thick~bedded limestone; few scattered faults; 

average dip 30· E.j locally- thin bedded, argillaceous, and 

do'lomitic; 5 square miles of limestone. 

Zero s!te access: Excellent; 650 feet of relief. 

Surface drilling: Good, 

ether nDtes: l:24.000-scale topography available. 

Remarks: ' No additional information at this time. 

Source: Harold Masursky (oral communication) • 
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Area 2 ! 

Cantral Nevada 

L~::a':ion: Cortez quad., sec. 16, T. 26 N., It. 48 E., -Hill 8220. 

Land ownership: Unkuown, probably Public Domain. 

Geologic format1or-.,i Devonian limes"!:one undifferentiated; 

correlates with Rabbit Hill and Nevada formations. 

Analysis: Probably greater than 95 percent CaC03 in thick­

bedded part; -less in thin beds. 

Water cont.ent: Lows' nearly dry. 

Interval: ±2,000 feet thick; overlies 1,000 feet of thin­

'bedded Silurian lLmeston~. 

~~~th burisl': Thin colluvium only. 

Structu=e, Two-~h1rds thick bedded, one-third thin bedded, 

alternating; scattered faults; average dip 25° SEe 

Zero ette access: No existing adit; excellent terrain for 

driving adit. 

Sl.lrface drilling: Good possibilities', • 

Remarks': No additional information at this time. 

Source: Harold Masursky (oral communication, 1960), 

,. 
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Area J 
.' 

Ely. Nevada 

L~ca~~c~: Ely No.3 quad.i Treasure Hill ~uad.i Hamilton 

mining d1strict. 

l,ap.d owne::-ship: Unknown, probably part Public Domain. 

~log!c formation: Guilmette limestone; ,Upper Devonian age. 

Ar.~lysis: Probably greater than 95 percent CaC03' but only 

locally. 

Wa!a:' " «!ll!1tlt ent : Low; prob ab ly near ly dry. 

!n~ ,=-rval: .:1:3,000 feet. 

Depth burial: None, all Guilmette limestone. 

Structure: Three-fifths thick bedd~d, two-fifths thin bedded, 

alternating; some faulting. 

Z~rd site access: Excellentj Eberhard : Cunnel i1 mile long in 

Hamilton district. 

Surface drilling: Good. 

Remarks: Overall ~urity probably not satisfactorYj contains 

varied amounts of dQlomite and chert. 

Source: D. R. Shawe (oral communication, 1960) j A. L., Brokaw 

(oral communication, 1960): 
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~ea 4 

Ncr~r.e~stern Nevada 

L~cation: Pequ~p MOuntains; off U.S. Route 40 and east of 

~.S. Rou~e 93, Elko County. Nev. 

Land owne~s~ip: Unknown. 

Geclogic fermat ion: Devils Gate Ifmestone; Devonian age. 

Analysis:. None available •• 

rnt.e.rva~: Devils Gate.may approach 2.000 feet in this area. 

Depth burial: Unknown. 

S":::r'.lctcr.e: Simple; 10° to 15' eastward; uppez: part of 
, t : 

formation is thick bedded~ 

Zero site access: Unknown. 

Surface d~illing: The steep west front of the mountains may 

have suitable relief. 

REmarks: Suitability not known; the limestone would have tp 

be sampled to' determine composition; no other information 

available. • 

Source: R. J. Roberts (oral!communicatioD. 1960). 
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Area 5 

LocatLo~ : S~ke Ran~e; Wheeler Peak quad.i about 50 miles 

southeast of Ely. 

la~d ownership: Nevada National Porest. 

Geologic formation: Pole Canyon limesto'lle; Middle Cambrian 

age. 

&E.s.1ys:1s: None' available; probably greater than 9S percent 

CaC03 p at lee.s't locally. 

Water conte~t' : Pro~ably very low. 

Interval: About 2,000 fee~. 

Deeth of burtal: None. 

Structuse: Massive; 1QD' to' 15° southwesterl~ dip. 

-
Zara site access: Good; adit about ,8,000 feet in length exists 

below base of the limestone. 

Surface drilling: Perhaps satisfactorYj j~ep road to top of 

• 

Remarks: X-r'ay of one spe-eimen shows 2 to 5 percent dolomite 

and 1 to 2 percent quartz. 

Source: Geol'. Soc, America Bull., v. 69, p. 221-240, 1958; 

Harold Drewes (orai communication, 1961). 

" 
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Area 6 

No~th~as~ern Utah 

Lcca~ :!.o!t: Sec. 2,7. T, 2 S., R. 3 E,_. Rock Ca~yon. Utah County, 

Utan. 
• 

La~cl owr.e~ship: Unknown. 

Geologic fC':'mation: ' Madison, Deseret. Hurpbug, apd ,Great Blue 

ILm~stodes; Mi6Siss~ppian age. 

Analysis: None ava11a~le. 

f..ia ter content: Unk.!'lo·..;rn; ptobab ly dry.. 

Interval: Great Blue limestone - possible 2,800 ' feet 

Humbug limestone - 'possible 500 feet 

Deseret limestone possible 250 feet 

Madison limestone - possible f,OOO feet 

Possible total interval 4,550 feet 

Depth burial: +1,000 feet Manning Canyon shale; Mississippian' 

and Pennsylvanian age. 

Struc~ure: Thick- and thin·bedded ,limestone; ' local thin beds 

of black shale; , local cherty limestone. 

Zero site access: Good; high relief. 

Su:-face drilling: Unknown; probably feasible. 

Ot~er r.ctes: Above location is near Provo, Utah; but other good 

sites farther away are probably av~ilable. 

Remarks: ' No additional information has been found for this locality. 

Source: A. A. Baker, 1947, Stratigraphy of ~he Wasatch Mountains 

in !:he vicinity of Provo, Utah, U. S', Geol. Survey Oil and Gas 
J , 

Prelim. Chart 30. 
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Area 7 

B a::.rc,~ck Range ? ' Idaho 

Locstio;: l~ miles southeast of southeast eorner of 

Rockland q~ad.~ T. 11 S., R. 34 E., 3\ miles southeast 

of Pauline, Idaho. 

La~1 ow~ership: Public Domain. 

G~~logic formation: Great Blue and Humbug limestonesj 

Mi~sissippian ~ge. 

~r.alys~s: 95 percent, or better, CaC03. 

Water content: . Probably low • 

. !~te~val: · 1,100 feet aggregate; Humbug overlain by lower 

half Great Blue; over]ain by 150 feet of sha~e, overlain 

by 500 feet ~herty limestone . 
. 

Depth of b~r{al: ±2,000 feet Manning Canyon, ' ~hale and Itmesto~e. 

Structure: Alternating massive and thick to thin bedded; 40° 

. to 45 0 easterly dip. 

Zero site access: Excellent, adi.l= present. 

Surface drilling: Difficult. but probably not impossible; , 

,- ' precipitous slopes. 

Other ~otea: Army Map Service NK 12-4, series V5402. 

Remarks: Looks good, but no additional informatio~ available. 

S~.3::,ee: D. E. Trimble (oral- communication, 1960). 
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Area 8 

South Lemhi Range. Central Icaho 

Location: T. 7 N., Rs.' 29 and 30 E •• Butte County, Idaho; 

25 miles northeast of Areo. 

Land owcer.ship: Challis and Targhee National Forests. 

Geologic formation: Brazer limestone. ,probably of 

Mississippian age. 

Analysis: 96.13 percent CaC03 . 

Water cc:: ,:: 2. ~t! Probab ly low. 

Interval: Up to 10,000 feet. 

~epth burial: Local cover of Wood River formation; calcareous 

quartzite. 

Structure: Locally contcrted; , folds, some thrusts; basal 300 

to 500 feet ' is thin bedded and , siliceous; upper Brazer 1n 

beds 1 to several feet thick; scattered existing mines. 

Sur face dr ill ing: May be,. locally di fficult; pre cip i tous slopes. 

Other notes: AMS Idaho Falls. NK 12-~; AMS Dubois. Idaho. ' 

Montana~ NL 12-10; Geol. Soc. America Bull,., v. 58, no. 12, 

pt. 1; check northeast side' of Sadd'le Mountain for less 

deformed rocks. 

Remarks: Probably not satisfactory; contains dolOmite, sbaly 

and silty beds. etc. 

Source: .C. p. Ross (oral communication. 1960). 

,I 
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Area 9 

West.-c,a,,!r&.l Mo!".tana 

Location: ,.±28 m!.les southwest of Butte; se,cs. S. 17 J a.nd 

IS, T. 2 S .. R.. '10 W.; Ore Camp Hill, Beaverhead County. 

Land o~.mership:- Beaverhea.d Nat ional For est. 

Geologic forro~tion: Madison group; Mississippia~ age. 

Analysis: - ' 94.05 percent CaC03; (o'nly locally). 

Wa;::er conten,t: Low. 
_ J 

Inte!'val: 1,270- feet; 500 to 600 feet exposed. 

}' , 

D~pth bu:':"ial: Variable. dependi,ng on ~ocation; not , great. 

Stru~ture: Steep dips; folding,and thrus~ingj possible 

, shattering. 

Zero site access': ,Good terrain for adit; existing mines in 
; 

vicinity. 

Surf~ce drilling: Good access. 

Other notes: Army Map Service J Oil Ion. Mont. - Idaho ,NL 12-7; 

Divide 3, Montana quad. 1:48,QOO; photographic coverage. 

Remarks: Not satisfa,ctory~ dolomitic. 

Sc~rce: W. B. Myers and A~ E. Roberts (oral communication, 

196,0) • 

• 
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Area 10 

Stanford-Hobson 'area, Little Belt Mountains, Central Montana 

Locat ~~n : Blecktail -~ills Dome; sees. 13, 14, 23, and 24, 

T. 15 N."R. 10 E."Judit~ Basin County, Mont. 

Ge.:llcgic formation: Madison group, Kissi-ssippian. age. 

Analysis: ' Probably high caeo). 

Water ce-:::teni: Probably low. 

!n~erval: +1,000 feet. 

De.pth burial: Unknown; pro~ab .ly 'shallow. 

Str~cture: ' ~dome. 

' .. 

· Zero site access : Fair; 500 to 600 feet of relief, for 

adit, or incline. 

Sur'fa~s drilling: Good. 

Remarks : Not satisfactory; dolomitic • . 

Sources: U.S. ,Geol. SUI:vey Bull. 1027 .. J, G. D. Robinson 

and, E. T. Ruppel (oral communications, 1960) .• 

• 

,I 

:1 



, 26 

Area ~l 

Townsend Va112Y, Montana 

l)oc&.'~ ier:.: Secs. 4 ' ar.d 8 t r. 6 ~. JR. ' 1 E.; Limestone Hill s. 

Bro.s.d.water County D Mont. 

Lend :~~ershtp: U~kr.own 

Geo~ogic formatiOn: Madison group; Mission Canyon and Lodgepole 

'limestones; Mississippian age. 

A~alysis:, Unknown; p~obably high CaC03 . 

Water content: Probably low. 

!n:::erv~:'! +!.,750 feet; 650 feet Lodgepole limestone overlain - . 
by 1,100 feet Mission'Canyop limestone. 

pepth burial: Unknown; probably shallow cover. 

Str~cture: -Broad folds. scattered faults. 

Zerc site access: Good; 700 feet relief for . adit access. 

SurfaCe drilling: ' Prob~bly not difficult. 

Remarks: Not satisfactorYi dolomitic. 

So~rcss: U.S. Geol. Survey Bull. 1042N, A. E. Roberts (oral 

communication, 1960); E. T. Ruppel (oral communication, 

1960) . 
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Area. 12 

Soutr.west M~tana 

Lo~ati en: Limes tCl'.e Hills, S<O'~S. 13 a.'"!.d 14, T. 3 N.. R. 2 W.; 

Jefferso~ C~unty, Mont.; Devil's Fence quad. 

La~d ~~~srship: Unknown; probably Public Domain and private. 

G';:ologic format Lon: Lodgepole and Miss'ion Canyon limestones 

of Madison group; '.Mississippian age. 

Water ~'.:;c,~e~.t: Prcbably low. 

Interv~l: 2,000 feet of cotal interval possible. 

Depth ~urial:. Shal~ow; probably colluvium only. 

Structure: Thick-bedded Missior. Canyon limestone. 1,200 feet 

thick; thin-beded Lodgepole limestone. 700 feet thick; broad· 

folds~' scatt~red faults. 

Z~ro site access: Excellent, terrain for adit; ±850 feet of 

relief. 

~urface drilling: Goed possibilities. 

Remarks: Que~ticnable; some chert all the way through the 

sectio~j Lodgepole quite silty locally; gently rolling 

topography. 

Sources~ U.S, 'Geol. Survey Prof. Paper 292. A. E. Roberts 

(r"ral commur..ication. 1960); E. T. Ruppel (oral' communieat,ion. 

1960) • 
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Area 13 

. , Southwest Texas 

Land ~r;ship: p'rivate, State p and Federal. 

G.:, '~ Logic .furma':.ion~ DevUs River limestone. 

Analye1s: 91.5 percent CaC03• 0.06 percent MgO, L"08 percent .. 
. . 

• 
~r co~t ant: Water table: 800 to 1~200 feet depth. -

mzaStlr~d) • 

n",pth cf ~.~i.rial: Up to 3~OOO feet; cover includes lim~otcnesJ 

clays~ and shales. 

~ructure: , U~iform sequence; medium to thick bedded. fine 

grained; forms spectacular cliffs and gorges. 

Zero ~ite access: A.dit possibil.ities excellent; . inQperative 

me~cury mines present. 

S:.:r fac.~ dr 11 Hng: Excellent oppor: tuni,t ies_ •. 

O=her notes: U:S. Geol~ Survey Pr9f. Paper 312; Val Freeman 

Remar15!.: Looks very, good; locally cavernous,; on U. S. -Mexico 

Int ernational Boundary; only one chemical analysis available. 



29 

Area 14 

West ~ex~al SQuther~ Guacalupe Mour-teins 

Loca=ion: Nor:hwaat Culberson County: Guadalupe Peak, ' TeK. 

Land ot.r.i..crship: unknown. 

Geologic formatior.: Capitan limestone; Goat Seep , limestone, 

Bone Spring ,limestone; Devonian age. 

A~~lysi'S ': Upper 500 feet is calcitic. lo-wer 1,50b feet is 

dolomitic and calcit-ic; impurities in upper 500 feet may 

be le'ss than 5 percent~ but total unit has more. 

Water co~tent: Probably low. 

Int~rval: , 2,000 feet plus. 

DcDth burial: 1,000 feet plus.; 

Structure:, Thick-bedde,d calcitic limestone;: locally purej 

lmcontort~d. 

Zero site acce'ss: Excellent terrain for &dit. 

Surface drilling: Good. 

Othzr notes: Guadalupe Peak quad., U.S. Geol . . Survey Prof. 

Paper 215; P. T. H~yes (oral communication, 1960)~, 

Remarks: Not satisfactory: Lower 1,500 feet is dolom~tic. 

" 

• 
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Area 15 

Sou~h,?, ast Nelr1 MExte:c, Cer.tral Guadalupe Mountains 

Location: ,Sec. 30 t T. 26 S., R. 20 E.i Otero County, N. Max. 

Land owr.ership: Unknown. 

Geologic formation: Victorio Peak limestone facies of Bone 

Spring formationj Permian age. 

Analysis: Unknown; 'local areas of high CaC03' 

Water,c~ntent: Probably low. 

:::ntc!"val: ±1,OGO feet. 

Depth burial: .±l,OO,O fee-to 

St:-u;: '::ur!:: Thick beddedj has tendency toward abrupt lateral 

facies change. 

Zero,s!te access: Good; 500 feet of exposures in fault scarp. 

SurfeCE dri11i~g: Good. 

Rem-arks: Not, satf.~factory: lowex: 1,500', feet is doloillitic. 

Sources: N. Mex. Institute of Mines and Mineral Resources, 

Bull. 49, Central Guadalupe Mountains, Socorro, N. Mex. 

P. T. Hayes (oral corrununica'tion, 1960). 
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Area 16 

Lake Maaci.-G!."!:,~d Canyon. Ariz.~ma 

Loc~~ior.: Pierca's Ferry. Iceberg Canyon (aouth)j Quarter­

, m~ster C'anyon (~ort.h); Grar:.d Gulch mine; 18.5 miles r.crth 

of latitude 36-; 13_0 miles west of longitude 114_ 

Land oWEership: Ur~nown. part Public Domain. 

C201c.g:i.(.. fc:-m.ll;:ion: Escabrosa-R.edwall limestone. 

A~,alys?_s: 95 per'CeIlt. or .better. CaC03 • 

W~~~r cc~~~~t: Low. 

:r.te!:'vai.: 800 ·~O 1,000 feet maximum. 

Depth of buri~: 800 f~et Supai l~estones and red beds 

oVerlie Redwall Illnestone; in turn overlain by heavy 

cover depending on locat.ion. 

Struc=ur<2.! Flat- !.:ying to 45° c.:i.p. • 

Ze'ro 'site access: .. Excellent. exist,ing adits in vicinitYj 

Gr~nd Gul~h mi~e. 

Surface drilling: Good, from bench-forming ,strata. 

Otb::::r not~s: u. S. Geol. Survey Bull. 798. McNair J AAPG 

Bull. p v. 35, no. 3 p p. 527. E. D; McKee and Curt 

Teicher~ (oral communication, 1960). 

Remarks: Looks fair; to~ much cover~ too ,close to National 

Park; recreation area, reservoir dam site. Not as thick as 

the E~cabro3a farther south. 
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Area 17' 

Gun~isor. Ccu~ty. Colo. 

l.)::.atl ,~r..: Sees. ll~ 12. T. 46 N •• R. 2 W • .'. Gunnison County, 

Colo" j Iron ,.Hl11. 

l.a,:,:::! :=wnership: Privatej controlled by Dupont Co.; much 

Dupont drilling in area as exploration for niobium., 

Geologic formation:' ·Carbonatite. Late Pre cambrian (1) age. 

~~alysis: 40 to 50 spectrographic analyses and X-ray 

diffraction all show :various amounts of MgO. 

Water c~nte~t: Probably low. 

'Interval: 'Unknown for calcite section, ' 

Depth burial: Sha2lcw cover. 

Structure: ±l by 2 miles carbonatite intrusive; depth unknown; 

U.S.B.M. drilling to 800 feet. 

Zero site access: , Good; site is circular~ dome·shaped hill 

wi~h ±800 to l~OOO feet relief. 

Surface dr.illing: Excellent; road~ to summit. 

Other notes: U.S, Geol. Survey Prof. Paper ~97-A. J~ C •. 

' Olsen and D. C. Hedlund (oral communication, 1960), 

Remarks: NQt satisfactory; composed mainly of dolomite; 
" 

pyri te aJ?undant locally; . siliceous; c.ontains veins of 

apatite~ iron oxides) and inclusions of pyroxenites. 
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Area 18 

C~,_~ral A:'k ,~ 

Locatic::1.: Magnet Cove, Mal~ern quad" , sees. 18 and 19 J 

T. ,) S., a, 17 W •• Hot Spring County, Ark. 

Lar,~ ~wnerah1p: Private. 

Qeologic formatfon: Carbon ati te; Cretaceous, (1) ase. 

A~,aiysia: , 92.7 percent C.::.C03j (poor sample). 

W~t.er b~~:, Probably . large; shallo'V1 water table. 

!nitE:t"ve.l: 600 by 1,000 feet by depth unknown. 

p'cpth burial: Few feet of residual deposits. 

·St.ructure: Intrusive mass; much medium- to coarse-grained 

calcitej h~mogene.ous • 

. '. Zero sits' aeces'!: C arbon.at 1 te forms lew hill s with 60 to 

100 feei of relief. 

Surface drilling: Excellent. 

Other notes: U.S. Geol. Survey MF Map 53j U.S. Geol. Survey , 

Bull. lOlS-B; R. L. Erickson (or~l communt~ationt 1960). 

Remarks: Not satisfactory; icipurity content too high. 
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JI08SIBL! ALASKAN SITES FOR NUCLEAR REACTION EXPERIMENT m LIMESTONE 

By G. Donald Eberlein 

I:atroduction 

This statement i8 intended to provide preliminary infOrmation 

regarding possible sites fn Alaska for a proposed- nuclear reaction 

experiment in limeatone.' 

The determination of pos8ible .ites in Alaska i8 made difficult 

by the paucity of detail&d geologic information available for site 

evaluation in terms of the specific criteria ,indicated. Thil 11 

especially true with respect to chemical analyses and s'tructural 

homogeneity. Much of Alaska receives moderate to heavy rain-fall. 

It therefore is not a s~ple matter to locate a site with no active 

waterflow beeause of the development of karst topography. In that 

, regard" the possible locations north of the 32°F isotherm would "" 

appear to be initially the most attractive' because they are normally 

underlain by permafrost (perennially frozen ground). 

The discussion that ,follows is" focused upon those ,areas that 

may qualify on one or more 'counts, based on existing" information 

both published and unpublished. Needless to say, before any si~e is 

seriously considered it should be field evaluated by a competent 

geologist. Summarized in table 2 are areas that. based on the 

available geologic data, offer the best possibilities for test sites. 



Table 2.--Summary of data on high-calcium limestone areas for possible underground oest sites 
in Alaska 

Hap Formation Location Thickness CaCOJ 
number available (pe'rcent) 

(fig. 2) - ( feet) 

-
1 Port Clarence limestone Lost River area 500-1,000 N.A. 1I 
2 Mount Dii: .. tin limes tone Nome area , At least N.A. 

several -
hundred 

-
3 Tolovana limestone M.iAbo Flats- '1 .. 500-3,000 X-rays iardicate 

- ntJgan lUlls , 99.± at least 
area and White locally. 

- Mountains 
-

: 4 - - - Glacier Bay area 1,000+ A few analyses 
- -- indicate 96-99. 

-
5 (Silurian) Heceta and Tuxecan -1,000-3,400 Probably zreater " 

Islands - than 95. area 

6 do. Dall and Long 1,000+" Perhaps &l'eate~ 
Islands area than 95. 

11 N.A. - no analyses a~ailable. 



36 

Possible localities 

Seward Peninsula 

Lost River area.--The Lost River area appears to offer good 

opportunity for evaluating the· suitability of the Port Clarence 

limestone as a potential host rock for the proposed nuclear test 

(f1g. 2). Geologic information about the Port Clarence limestone 

is fragmentary.· The information that follows is based upon scanty 

publis~ed data and personal observations. 

No chemical data are available concerning the purity of the . 

Port C.larence limestone. Knopf (1908) states that the black phase 

of the limestone is IIpure carbonate rock," Several thick sequences 

of black limestone that may aggregate 500 to 1,000 feet of section 

are exposed ·east of Lost River where thickness measurements would 

be easily obtainable. 

Th~ Port Clarence limestone 1s of early Paleozoic age ano 

therefore probably contains little aragonite. The dolomite content 

cannot be evaluated ~ithout additional sampling, but some of the 

l~estone is known to be nondolomitic. 

The Port Clarence as a whole is several thousand feet thick 

and suitable spots could be found where 2,000 feet of limestone 

overlies the shot point. Depth of burial could reach 2,000 feet 
.; 

and still retain 500 feet above the base of the formation. 

The Port Clarence limestone contains interbedded argillaceous 

limestone and thin-bedded limestone. In the Lost River area the 
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Port Clarence is tilted and broken.by a few faults. thus the structure 

is thought to be ~elat1vely simple, but complete structu~al homogeneity 

may not be obtainable. Reasonable ho~o8eneity throughout a SOO-foot 

raqius sphere might be possible within the massive black limestone 

member. 

Nome area.--The Mount Distin limestone that crops out between the 

upper Nome River and ridges south of Salmon Lake appears to approach 

the requirements stated (fig. 2). The purity of the Mount Distin 

limestone is not known with certainty, but it' appears to be very 

clean. It is nonmagnesian according to,C. L. Hummel (oral communi-

cation). ,There are some micaceous and quartzose interbeds. but it 

appears that zones at least several hundred feet thick are free of 

such interbeds. 

The stratigraphic thickness of the Mount Distin. -according. to 

Moffit (1907) an,d Hummel, ranges from 2,200 feet to m~re than 3.200 

feet. A depth of b~rial of l~OOO feet could be attained from hori-

,zontal tunnels 3,000 to 5,000 feet long~ In such places there would 

be at least 500 feet of material between zero point and boundary of 

the 'limestone, but there probably would be micaceous or quartzose 

limestone interbeds within the 500-foot ·interval. The formation is 
, 

compact and thick bedded. With the exception ~f the micaceous layers, 

it is about as ,massive as limestone can be. The .tructur. in thi. 

particular area appears to be quite simple and free fran large faults 

and dikes. There may be some internal crumpling and there almost 

surely are many minor faults. 
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Central Alaska 

Min~o Flats-Dugan HU:s area.--The Tolovana limestone of the Minto 

Flats-Dugan HUle area may ~tfer a suitable site for the proposed 

test (fig. 2). 

There are no chemical analyses of the Tolovana limestone but 

X-ray analyses of seven samples over a strike length of approximately 

6 ' miles and from the bottom to the top of the formation show no 

'dolomite. The water content is not known but the limestone appears 

to contain as much as 99 percent calcite. Within the limits of , 
ex1sting:outcrop controls, deleterious' rock types are not known to 

.. 
be ' present, and the entire formation is apparently a pure calcite 

1 ime.stone. 

From continuous expo~~res on the ridge between the Tolovana 

and Tatalana Rivers in the northeast corner of the Minto Flats, 

the limestone beds are generally massive and dip'60· to 80· southward. 

Two cross sections through the ridge show a minimum thickness of 

at least 1,500 feet. The maxtmum thickness is probably less than 

3,000 feet. The southwest end of the ridge is probably cavernous. 

Less is known about the Tolovana limestone in the Dugan Hills. 

Two parallel' ,limestone units are present in the 'western half of 

the hills, but only one,,'occ.urs in the eastern half. The two units 

• present in , the western half of the hills may represent a dup11ca-

t10n by folding and/or fau~ting. The' beds are generally massive 

and nearly v~tical. The known outcrop width is approx~tely 

1,000 feet. The total thickness could be muc.h greater. 
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The Tolovana limestone is also present in the White Mountains. 

Very little 18 known geologically about the White Mountains. The 

Tolovana may be structurally more complex but its purity is likely 

to be the same as in the Dugan Hills and on Tolovana Ridge'. 

Furthermore, the physical requirements as to volume may be more 

eaSily met in the White Mountains because the relief is greater. 

Southern Alaska 

Wr ange 11 Mountains area. ·-The Chit istone and Nizina limes tones' 

are sporadically distributed along the southern flank of the Wrangell 

Mountains, Alaska, in an east-we~t belt that 1s about ,65 miles long' 

and a maximum of 14 miles wide (fig. 2). Althoug~ some of the 

physical requ~61tes for the proposed limestone experiment probably 

exist in the Chitistone limestone area's of, McCarthy Creek and near 

the N1z1na and Chiti.tone River, leveral detrimental qualities, 

particularly Lmpurities and fractures, occur in both the Chitistone 

and Nizina limestones and probably eliminate these roc~s ~om 

practical consideration as sites for the proposed experiment. 

Southeastern Alaska 

Gleeier Bay area.--In general" the limestone deposits in the 

northern part of southeaste=n Alaska do not meet the qualifications 

~ set forth. Deposits on Admiralty and Chichagof Islands. and those 

on the mainland, commonly contain schist or chert layers,' are 

dolomitic and are cut by numerous dikes. Many of the limestone 

units a~e too thin. , I 
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Th~ marble deposits which ~ost ~early qualify'are found in 

Glacier B~y (£1go 2). Willoughby Island and N~rth and South Marble 

Island are almost entirely composed of marble. The few analyses' we 

have of the Willoughby Islend marble indicate that it contains 

\ 

between 97 and 99 ,percent of CaC03' These analyses are of samples 
" 

collected on the southeast sbore of the island from the north side 

of the sma1l cove where ridges r'ise abruptly to a height of several 

hundred feet and reach an altitude of more than IpOOO feet a short 

distance to the north. There is essentially no overburden. 

The largest o~currences of limestone on the mainland are south 
~ 

of Sandy Cove. Chapin (1920)' reports a chemical analysis of mottled 
" 

marble south of 'Sandy Cove contains: CaC03. 96.16 percent; MgC03, 

0.89 percent; insolable residue. 2.56 percent. Other 'analyses ,~f 

marble in th~ vicinity of Sandy ~ove'8hcwed be~een 96 and 98.5 

percent of,CaC03_ Diabase dikes are plentiful in the area. 

Heceta-Tuxekan Islands area.--High-calcium limestone of Middle(1) 

and Late Silurian age underl~es '~ost of Heceta and Tuxekan Islands 

and appears to approach' the requirements (fig." 2)'. The limestone 

is typically mass1ve~ sub lithographic. and for the most part pr~bably 

contains in excess of 95 percent CaC03_ A zone of discontinuous 

lenses and pods of conglomerate and finer grained clastic rocks occurs 

near the middle of the formation. but locations probably can be 

selected where these rocks will not be a deleterious factor. 

~hemical analyses ~f the limestone on Heceta Island indicate 
\ 

that in the area around Warm Chuck Inlet, a stratigraphic thickness 

p~ about 1,000 feet between ,the top of a relatively magnesian zone 

and the base of a zQne containing interbedded clastic rocks may be 

chemically suitable. Another area, in the vicinity of Port Alice, 

may contain as much as 3~400 feet of chemically suitable limestone. 
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Ground-water condit!ons cannot be stated ~ith c~rtainty without 

exploratory drilling, but underground waterflow may be a serious 

problem. Hovaver, it may be possible to locate sites that are free 

of active waterflow. 

The stratigraphic thickness of the limestone is extremely 

variable. The thickest known section is on western Reeeta Island 

where a minUnum thickness of 15,800 feet can be demonstrated. Approxi-

mately 2 miles east of Warm Chuck Inlet the formation is about 9,500 

'feet" thick. Approximately 8,700 feet of limestone is exposed on the 

south half of Tuxekan Island • 
. 
The purest limestone is compact and thick bedded. The structure 

is quite simple. The beds dip gently northward between 25· and 40 0 

a~d are folded into broad north-plunging structures. These are cut 

by several high-angle faults along which there has been considerable 

displ~cement. Jointing is common and numerous minor faults also 

undoubtedly are present.' ~urthermore. the· limestone is cut by 

numerous steeply' dipping diabasic and lamprophyric dikes. 

The same limestone, beds crop out on adjacent· 'Prince of Wales 

Island and on Kosciusko Island to the north across Sea Otter Sound. 

We knowa very little about the geology of Kosciusko Island, but it 

is known that the ·l~estone at Edna Bay was extensively drilled and 

sampled for metallurgical purposes by Alcoa in 1946 and 1947 • 

. Accordingly, it is believed that the limestone on Kosciusko Island 

may also' qualifY both physically. and chemically for the proposed 

nuclear reaction experiment ..... 
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Da.ll and Long Islands area.--Areas underlain by 'limestone and marble 
. 

on Dall and Long Islands may meet the requirements. Folding and faulting 

may duplicate and add to or reduce the effective thickness. The lime-

stone and marble of Long Island 'probably is not as thick as it appears 

from mapped distribution and is considerably folded and faulted. 

The only chemical analyses of limestone from Dail an4 LonS 

Islands are ~hose p~bli&hed by J. C.' Roehm (1946). These sugge.st 

that the carb'onate rocks contain 95 percent or more of CaC03 • The 

principal mineral 1s calcite. although dolomite in amounts up to 

abou~ 10 percent, ' is locally present. as report~d by Roehm in one 
• 

sample from Waterfall Bay. 

The specified physical requirements for d,evice pl..ac;emen~ 

probably would be ~lose to critical in most place~ on either Dal1 

or Long Island. The greatest potential working thickness of 

limestone probably 'occurs west of Rose Inlet, southwe.st of the 

head of View Cove. or perhaps along the south .mre of Diver Bay. 

Maximum re,lief in these areas r ,anges ft-om ~.OOO to 2,500 feet. 

~ose Inlet. Gold Harbor, Wate~fall Bay"and possibly Diver Bay 

appear to offer the best possibility for tunneling from points 

close to shoreline. Access to the higher areas is everywhere 

difficult. The ~imestone and marble of Dall and Long Islands are 

massive, extensively faulted and ·fractured. and eontain many mafic 

dikes of various spacing and size. The Silurian limestone 16 

massively beddedj ~he Wales marble 1s generally somewhat thinner 

bedded. The Wales rocks ,are both broadly and intricately folded. 
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Table 3. - .. Physical M.d chemical charaet~risti cs of limestone on Dall and Long blands. Alaska 

Water fall Bay . 
" 

1. Dark blue .. gray 
2. Light-gray to white 
3. Blue-white mottle 
4. ' White marble 

Clava Bay 
5. Blue-gray 
6. Blue-white 

Quarry, View Cove 
8. Blue-gray t .o whit e 

Green Bays Vie-w Cove 
9." 

U. Dark-gray 

96.8 --) 
89.7 9.7) 
91.6 6.2) 
99.6 --) 

96.0 --) 
, 1/7.8 --) 

96.6 --
'-95.8- _. 

97.6 
., 

Stratigraphie 
. thickne6s 

(feet) 

2000+ , -

hob. total 
<1".500 

2,OOO± 

1,500+ 

Maximum . 
elevation 
(feet) 

2,500 

600 

700 

--

Relllarks 

Mafic dikes 200 to 300 
feet apart. 

A few dikes. 

.Large mafic dikes. 

' . 
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The Silurian limestones are more massive and somewhat les8 contorted. 

Granitic or dior1tic intrusions are knOwn to cut the Silurian lime-

stone on Dall Island. 

The known physical and chemical characteristics of limestone at 

possible localities are summarized in 't able 3. 
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