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SUMMARY

Of the many a:ega that have received preliminary appraisal as
poceut;al sites for anm ﬁndéfground nuclear explosion in a thick sequence
of high-calcium limestone, 10 im the continental United States and 6 in
Alaska appear‘to offer possibilities of meeting the primary criteria
of purity and thickness. Field examination of these areas can be
undertaken to determine whether they are su#table,lbut anlapproximation
of the time involved suggests that 6 man-weeks of fleldwork would be: |

required for each field appraisal, Further work would be required to

locate sites in any of the areas that proved promising.
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INTRODUCTTON

The U.S. Geological Survey made a preliminary study of limestone
deposits-in the United States and Alaska for the purpose of selecting
those deposits 6f ;ufficient gize, relief, and purity inmn which to conduci
an underground nuclear gest. The resglts oflthis survey, prepared at
request of the Lawrence Rad{atfon Laboratory, Livermore, Calif.,,dre
presented in this report. |

Information on the occurrence, location, geology, and topography’
of limestone deposits was obtained through search of the literature,
including U.S. Geological Survey Bulle:in‘lOiQ-I, “Annotated bibliography
of high calcium limestone deposits in the Uni;e& Siates,“ and from many
U.S. Geological Sﬁr;ey geologists whose detailled geologié knowledge of
many areas in the United States, as cortained in the append{x, aided
greatly in completion of the report. Information concerning 1imel:on§
deposite In Alaska was furnished by G. D. Bberlein of fhe U.S. Geologiéal

Survey.
SITE SELECTION AND EVALUATION CRITERIA

The selection of areas containing gossible underground test sites
was made using specifications furnished by the Lawrence Radiation
Laboratory. These requirements are listed below in general order of
significance with comments on the possibilities of their fulfillment,

Requirement 1. Material to be greater tham 95 percent CaC03
(ptefefably 99 percent).

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

tens of feet at many localities, and, less commonly, a few hundred feet



can occur, Great chicknesges of limestone generally include smill to large
&mounts of chert, dolomite, shale, sandstone, an& inspluble impurities, A
thick limestone composed of more than 95 percent CaCO3 is uncommon.
Requireﬁent 2, Calcite 1s the preferred mediuq,laltbough a mixture
of calcite and aragonite is acceptable if pure calcite cannot be located..
Dolomite will not be considered as a suitable medium, |
Requirement 3. Material should have no less than a 2,000-foot

-,
interval,

Requirement 4. 'Depth of burial between 1,000 and 2,000 feet with at
least 500 feet of material betweén zero point aﬁd boundary of the limestone.
Requirements 3 and 4 are interpreted to mean that ideal conditionms
would include 2,000 feet of limestone with 95 percent or greater purity
ovzrlain by at least 1,000 feet of material that is not necessarily 95
percent éuré limestone. If, however, depth of burial were at the minimum
stated (1,000 feet) and the minimum amount of iimestone stated (500 feet)
surrounded the zero point, it would seem that 500 feet of any material
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; “massive' has not been taken literally, as .
i¢ would rule out thin-bédded depogits; ''structurally homogeneous” pre-
cludes faulted areas but ﬁot areas that contain joints within the effects
zone,

Requirement 6, Water content-to be less than 10 percent but no

active waterflow.




Requirement 7. If possible, tunnel access to the zero site is
preferable 'as it allows the addition of‘n;utron experiménta with the
least amount of'completion. |

Requirement 8. The site should be locatea ig terrain thch will
allow driliing ffom the ;urface for - the emplaceméﬁt of instruments,

Tcpography above the general area 5h0u14 not be too extremé;
preferably fairly flat for same dis:anée around zero peint,

In general the requirements for such a test site in limestone are
highly reaérictive.' The requirements concerning purity and thickness
(requirements 1 tbrough'k) were considered of primary 1mport;nce, whereas
those for water content, structural homogenelty, tunnel accessibility, |
and terrain (requirements 5 through 8) were considered of secondary -
importance in that attempts to fulfillAthem'would depend upon local
conditions. Sﬁch factors as popul;tioﬁ density, power and other facil;—l
ties, and land ownership were for the moet part disregarded. The saelection .
of an actual test site would teqﬁité extensive detailgdlgeologic, geophysical,
and hydrologic study suppleﬁeuted by physical exploration.

A primary difficulty encountered in the selecgion of test areas was . '
the inadequacy of description, specifically, the absences or epatéeness
of chemical analyses of the limestones. In a broad sense, rocks clgssified
ag a limestone must contain greater than 50 percent carboﬁate minerals and
greater than 50 pet?ent of .the carboﬁate fraction must be calcite; thus a
very wide range of»rocks can be and are properly described simply as lime-
stones, but a limestone thatécontains morelthan 95 percent calcite generally
forms only a small part of a carbonate rock sequence. Undoubtedly some

areas tentatively selécted as suitable for underground tests will upon



detailed field evaluation prove unsatisfactory. On the other hand, areas
deemed unsuited, from the literature search, might contain excellent test

sites.

The reglons considered in this study are Southeastere,ﬂnited Stgtes,
Western United States (principally the Stafes west of Colorado), and Alaska.
The greatest effort was devoted to study of the limestone deposits in
Western United States and Alaska because of low population density, greater
areas of bedrock expoSuré, high felief,vand'relative low average rainfall.
Summarized in table 1 are those areas that, based on the available geologic

data, offer the best pobsibilities for test sites that fulfill most of the

requirements 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 areas
that contain limestone beds of sufficient purity, the r;11e£ is low. In
addition, these states have 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 legs than 500 feet
thick (B. Gildersleeve, written communication,'lééO), and noncontorted
high-grade li;estone.deposita more than 100 feet thick are rare, Part
of the Bangor iimestone in northwest Georgia is as much as 500 feet thick,

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

The Ste. Genevieve limestone is high grade in most placee, but it is
]




Table 1,--Summary of data on high-caleium limestone areas for possible underground test sites

in the Wegstern United States

Map Formation Location Thickness €aC03
number (age) available (percent)
(fig. 1) (feet) .

1 Devils Gate limestone Pequop Range Nearly 2,000 N.A..l/
(Devenian) between U, §.

Routes 40 and 50
in northeast
Nevada :

2 Highland Peak and East-central 4,185 N.A.

Mendha 1limestones Nevada :
(Cambrian) .

3 Bailey Springs East-central 2,200-2,300 N.A,

limestone Nevada '
" (Mississippilan,

Pennsylvanian,

and Permian)

4 Egscabrosa and Southeastern Up to 1,500 98 but locally
Horquilla limestomes Arizona upper part
(Mississipplan and silty and
Pennsylva: ian) dolomitic.

5 Unnamed (Middle and Central Nevada ", 65000+ N.A.

Upper Devonian) 1/ ' .
6 Unnamed (Devonian) 1/ Central Nevada 2,000% - A fow analys=s

indicate 95+,




Table 1.-—Suﬁmary of data on high-calcium limestone areas for possible underground test sites

-

in the Western United States-~Continued

Map Formation Location Thickness C2C04
number (age) available (percent})
(fig. 1) (feet)
7 Madison, Deseret, Rortheast >4.550 N.A,
Humbug, and Great Utah
limestone
(Mississippian)
8 Great Blue and Bannock Range, >i,100 A few analyses
Humbug 1{mesteone Idaho fudicate >95,
© (Miseissippian)
9 Redwall limestone Lake Mead~ <1,000 ‘Do,
(Mtssissippian) Grand Canyon,
- Arizona
10 Pole Canyoa limestone East-central +2,000 N.A.
" (Cambrian) Nevada

1/ N.A, -

no analyses available,

ot
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generally leéz than 1,000 feet Ehick. Locally 4n southwest Virginia it is

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

_Western United States
- []

The information obéained from evaluation af 18 areas'in Nevada,
Montana, IAaho, Texas, Arkansas, Utah, quorado.‘Arizoua‘ and New Mexico
that are underlain by limestoné deposits are contained in the appgndix.
Of the 18 areas, only 10 (table 1) are considered as wafradtiné furtﬁer
detailed study._ In addition io tﬁese 16 deposits, information not
included in the appendix was obtained on thé'bévils éate formation'in
the Roberts Mountains, the "Great Blue".limestone in the Oquifrh Mouritains
in Utah, and the Mississippian limestones in the Gold Hill disttict in :
Utﬁh.. The descriptions of these formations in the literature, however,
indicate'that excesgive amounts of chert, dolomite, silt, sand, and shale
are included in the sections. Few or ﬁo chemical analyses of these beds
are avaijlable, |

The most favorable areas f?om the standpoint of high-CaC04 1imest§ne
inlrequired thicknesses are in centfal and e;st-central Nevada, north-
eastern Utah, southeagtern Arizona, ﬁguthwestétﬁ ﬁew Meiicb,-aﬂd.ldaﬁo

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

The Devils Gate limestone (taﬁle 1, fig. 1) of Devonian age,
between U.S. ‘Highways 40 and 50 in the Peﬁuop Rénge,‘ia nearly 2,000
feet thick, and in the upper paré islmassive to thick bédded. No

information is available concerning the chemical,cdmposition of the
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Limestone areas listed
by numbers in table 1

FIGURE 1.--LOCATIONS {X) OF TEN POSSIBLE HIGH~CALCIUM TRICK LIMESTONE DEPCSITS IN THE WESTERN UNITED STATES
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limestone in this area. The Pequop Range has a steep western front and,
censequently, 1s an area in which minimum tunnel length may provide a

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

simple; the rocks dip 10° to 15° eastward and are relatively unfaulted,

Ay

East=-central Nevada

The Highland Peak limestone and Mendha limestone, both of Cambrian
age, aggregate a thickness of more than 4,185 feét in east=-central

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

' for Ca/Mg.- From publighed descriptions the formations appear to be

nearly free of silt, clay, ana.chert; and field andllﬁboratory study
may locate a suitable site, | '

‘The Bailey Springslimesfone of Mississippian; Pennsylvanian, and '
Permian age averages 2,200 to 2,300 feet thick in the same general |
area, Published‘dasciiptions do not mention dolomite or dol&micic
limestone in the section, but rnote that chert is uncommon. Fleld and

laboratory study may-also determine a guitable site.

Southeastern Arizona and southwestern New Mexico
The Escabrosa limestone of Mississippian age is the thickest
section of nearly bure limestone about which mu;h 1s known., A few Ca/Mg
ratios suggest that the formation averages 98 percent pure CaCOj, IThe
impure fraction {s in the form of lenses of dolcomite. Locally, the .,
formation contains no dolomite, but may have as much a;_S percent
chert. The Escabrosa aVerages 650 feet‘tbick. Overlying the

Escabrosa limestone is the Horquilla limestone that ranges ‘from
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600 feet to perhaps 1,500 feet in thickness. The Horquilla is composed
of limestone and silty limestone; locally, the silt may be more than 5
percent of the rock., Generally, the Escabrosa beéomes nore dolomitic
to the west and the Horgquilla becomes thicker and siltier to the north
and east. It may be possible to find a section where there is no
dolomite in the Escabrosa and less than 5 percent silt in the Horquilla,
but it woul& be optimistic to expect more than 1,500 feet of neariy
pure limestone in this afea. Fieldwork consistiﬁg of stratigraphic
measurements, mapping,‘litholoéic descriptioﬁ, and sampling for Ca/Mé
determination would be necessary to locate a site that would meet the

specifications.
Nevada Test Site and vicinity

Particular attention was devoted to evaluation of 1imestone
deposits in the Nevada Test Site. From our present knowledge of tha
- general geology of the Test Site, there are no limestone deposits con-
taining a4 minimum of 95 percent CaCO3 and a minimum of 1,000 feet thick.

Posslble limestone areas north and east of the Test Site in the
Las Vegas Bombing and Gunnery Range could be explored if thicknesses on -
the order of 500 feet would be acceptable. The lithology of the carbonate.
units changes regionally; consequentl; the limestone sectiom, which i;. .
not satisfactory at the Nevada Test Site, may prove satisfactory several
miles outside of the Test Site boundary.

There are two localities within and adjbining the Nevada Test.
Site that contain 500 to 675 feet of nearly pure limestone which should

be investigated {f the experiment can be scaled down. These are at

Banded Mountain and Jangle Ridge.
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The southern part of Banded Mountain, on the east side of Yﬁc;a
Flat, is one of the least faulted localities expoged on the Nevad;
T;ot 8ite. Here, the C and D units o!'tbo Yugca Flat formation are
675 feet thick and dip abou;‘ao‘ SW. Unit A of the Yucca Flat formation
creps out on Jangle Ridge, 2 mileé east of Bagded Moﬁntain. This unit

1s 570 feet thick and dips also southwest, probably about 35° to 40°.
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Areas investigated in Western quted'Statés for underground site

in limestone

Area 1

Central Nevada

Location: Sees. 7, 8, 17, 18, and 19 (unsprveyed), T. 25 N.,
R; 50 E., Rureka County, Nev.; Horse Creek Valléy quad.,
15-minute seFies.

Land ownetshig: Public Domain and privﬁﬁe.

.Geologic formation: Unnamed; correlates with Nevada and

. Devils Gate limestoue; Middle and Upper Devonian age.
Analysis: Samples taken by Harold Masursky, U.S, Geological

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

Water content: ny. :

Interval: +6,000 feéf.

Depth burial: 150 feet of basalt cover.

Struckture: ,Thick~bedded limestone; few scattered faults;
average dip 30°* E.; locally>thin ﬁedded, argillacecus, and
dolomitic; 5 sduare miles of limestone.

Zero site access: Excellent; 650 feet of relief.

Surface drilling: Goeod.
Cther notes: 1:24,000-scale topography available.
Remarks: ' No additional information at this time.

Source: Harold Masursky (oral communicatioh).
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Area 2 . X . !

Central Nevada

Lozaion: Cortez quad., sec. 16, T. 26 N., R. 48 E,, Hill 8220,

Land ownership: Unknown, probably Public Domain.

Geologic formation: Devonian limestone undifferentiated;

correlates with Rabbit Hill and Nevada formatioms.
Analysis: Probably greater than 95 percent CaCO; in thick-

bedded part; less in thin beds.

Water content: Lowy nearly dry.
Interval: +2,000 feet thick; overlies 1,000 feet of thin-
‘bedded Silurian limestone.

Denth burial: Thin colluvium only.

Structurey Two~thirds thick bedded, one-third thin bedded,

alternating; scattered faults; average dip 25° SE.

Zero glte access: No existing édit; excellent tértain for

driving adit,

Surface drilling: Good possibilities.
Remarks: No additional information at this time.

Source: Harold Masursky (oral communication, 1960),
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Area>3
Ely, Nevada
Locaticn: Ely No. 3 quad.; Treasure Hill quad.; Hamillton
mining distriéé.

Land owme:shiﬁ: Unknown, probably part Public Domain.

Geologic formation: Guilmette limestone; Upper Devonian age.

Aralysis: Probably greater than 95 percent CaCOj, bdbut only
locally.

Warepr.content: Low; probably nearly dry.

Intzrval: 43,000 feet.

Depth Burial: None, all Guilmette limestone.
Structure: Three-fifths thick bedded, two-fifths thin pedded,
alternating; some faulting.

Zero site access: Excellent; Eberhard: sunnel il mile long in

ﬂamilton district.

Surface drilling: Géod.

Remarks: Overall purity probably not shtigfactory; contains
variéd amounts of dqiomite and chert.

Source: D. R..Shawp (oral communication, 1960); A. L. Brokaw

(oral communicatioﬁ, 1960) .
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Area 4 ‘

Neorzheastern Nevada

Locetion: Pequop Mountains; off U,S. Route 40 and east of

U.S. Route 93, Elko County, Nev.

Land owrership: Unknown.

Gecloglice ggrmatibn: Devils Gate limesﬁohe; Devonian age.
Aralysig: None available..
Interval: Devils Gate may approach 2,000_fgét in this area.

bepth burial:. Unknown.

Structure: Simple; 10° to 15° eastward; upper part of
. | formation is thick bedded,

Zero site access: Unknown.

Surface d3illing: The steep west front of the mountaing maf
have suitable relief.

Remarks: Suitability not kaowm; the limestone would have to

be sampled to determine composition; no other information

avallable. ¢

Scurce: R. J. Roberts (oralgcommunication, 1960).

¢ -
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Area 5
Eastecentral Nevada
Locatio=: Snake Range; Wheeler Peak guad.; about 50 miles

southeast of Ely.

Lard ownership{ Nevada National Porest.

Geologic formation: Pole Cahyon limestone; Middle Cambrian
age.
Analysis: None available; probably greater than 95 percent

CalQjy, at Leaét locally.

Water comtent: Probably very low.
Interval: About 2,000 feet.

Depth of burial: None.

Structure: Maésive; 10° to' 15° southwesterly dip.

Zzro site access: Good; adit about,S;OOO feet in length exists

below base of the limestone.

Surface drilling: Perhéps satisfactory; jeep road to top of
rmountain. | ¢

Remarks: X-ray of one specimen shows 2 to 5 percent dolomite
and 1 to 2 percent guartz, |

Source: Geol. Soé. America Bull., v. 69, P. 221-240, 1958;

Harold Drewes (orai ccmmuﬁicacioh, 1961).




21

Area 6 v

Northeastern Utah
Lecation: Sec. 27, T. 2 8., R. 3 E., Rock Canyon, Utah County,
Uzah,,

Lazd owrership: Unknovwm.

Geologic formation: 'Madisop, Deseret, Humbug, and Great Blue

limestoneé; Mississippilan age.

- Analysis: None available.

‘Water content: Unknown; ptobably dry.,

Interval: Grégt Blue limestone - poeéible 2,800 feet

. . Humbug limestone - possible 500 feet

Deseret limestone possible 250 feet

Madison limestone - possible 1,000 feet -
Possible total iInterval 4,550 feet

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

and Pennsylvanian age,
Structure: Thick=- and thin-bedded limestone; local thin beds
of black shﬁle;,local cherty 1imest6ne.

Zero site access: Good; high relief,

Surface drilling: Unknown; probably'feasible;

Otter rctes: Ab&ve locé;ion ig near Provo, Utah; but other good
sites fartherlaway ;re probably ;vgilable. |

Remarks:  No additional in}ormation has peen found for tﬁis localiéy.

Source: A. A. Baker, 1947, étratigraphy of the Wasatch Hountains‘

in the vicinity of Provo, Utah, U.S. Geol. Survey 0il and Gas

s

Preliam. Chart 30.
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Area 7

Ba:ncck Range, ‘Idaho

Location: 1Y miles southeast of southeast corner of
Rockland quad., T. 11 8., R. 34 E,, 3% miles southeast
of Pauline, Idaho.

Lani o-nership. Public Domain.

Geclogic formation: Great Blue and Humbug limestones;
Miséissippian age.

Aralysis: 95 percent, or better, CaC03.

Water content: Probably low.

Interval: - 1,100 feet aggregate; Humbug overlain by 1ower
half Great Blue; overﬁain by 150 feet of shale, overlain
by 500 feet cherty limestone.

Depth of burial: jiZ,OOO feet Manning Canyon, shale and limestone.

Structure: Alternating massive and thick to thin bedded; 40°
‘" to 45° easterly dip.

Zero site access: Excgllent,.adi; present,

Sur face drilling- bifficult, but probably not impossible;
precipitous slopes} - | |

Other rotes: Army Map Service NK 12-4, series V5402,

.Remarké: Léok; good, but no additiqnal information available.

Seuzee: D. E. Trimble (oral communication, 1960).
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Area 8

South Lemhii Range, Central Idaho

Locatien: T. 7 N., Rs. 29 and 30 E., Butte County, Idaho;
25 miles northeast of Arco,

Land owrership: Challis and Targhee National Forests,

Geologic formation: Brazer limestone; probably of

Miséissippiaﬁ age.
Analzgis: 96,13 percent CaCO3.

Water ceortint: Probably low.

Interval: Up to 10,000 feet.

Depth burial: Local cover of Wood River formétion; cal?areous
quar‘tzite.
Structure: Locally ;ontcrted;‘folds. some thrusts; basal 300 .
to 500 fget:is thin bedded and siliceous; upper Brazer in
. beds 1 to séveral feet thick; scattered existing mines.

Surface drilling: May be, locally difficult; precipitous slopeé.

Other notes: AMS Idaho Falls, NK 12-1; AMS Dubois, Idaho, -
Méntané, NL 12-10; Geol. Soc. America Bull,, v. 58, no. 12,
pt. 1; check northeast side of Saddle Mountain for less
deformed rocks. | |

Remarks: Probably not satisfactory; contains dolomite, shaly
and silty beds, etc, |

Source: C. P, Ross (cral communication, 1960).
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Area 9

Westec2ntrsl Momtana

Location: +28 miies southwest of Butte; secs. 5, 17, and
18, T. 2 S., R. 10 W.; Ore Camp Hill, Beaverhead County,

Mornt,

Land ownership: Beaverhead Nat{onal Forest,

Geologic form@tion: Madison group; Mississippian age.

Analysis: '94.05 percent CaCO3; (only locally).

Wacer content: Low.

Interval: 1;270»feet;I500 to 600 feet exposed.

‘Dspthk burial: Variable, depending zn'location; not great.

Structufe: Steep dips; folding and thrusting; possible

‘-shattering.

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

‘ vicinity.

Surface drilling: Good accesg.

Othef.ﬁoteS:--Arﬁy Map Service, Dillon, Mont.-Idaho, NL 12-7;
Divide 3, Mongana quad., 1:48,000; photographic éa;erage;

Remarks: Not satisfactory; Aolomitic.

Sceorce: W, B, Myers and A. E. Roberts (oral communication,

11960 .




25

Area 10

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

Locztlan: Blacktail Hills Dome; secs. 13, 14, 23, and 24,

T, 15 N,, R, 10 E,, Judith Basin County, Mont.

3

. Land ownership: Unknown,

Genlcpic formatién: Madison group, Mississippian 4ge.

Analysis: Probably high CaC0s.

Water ccztent: Probably low.

Inrerval: +1,000 feet,

Depth burial: Unknown; probably shallow.

Structure: ‘Low dome.

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

adit or incliné.

Surface drilling: Good.
‘Remarks: Not satisfactory; dolomitic.,
Sources: U.S. Geol. Survey Bull. 1027-3, G. D. Robinson

and E. T. Ruppel (oral communications, 1966).
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Area :l ' '

Townsend Valley., Montana

Locetion: Secs. 4 ard 8, T. 6 N., R.'1 E.} Limestone Hills,

Broadwater County, Mont.

Lend cwmership: Unkrnown

Geologic formation: Madison group, Mission Canyon and Lodgepole
"limestones; Mississippian age.
Analysis:. Unknown; probably high CaCO,.

Water content: Probably low.

Inservz_: Ail,750 feet; 650 feet Lodgepole limestone overlain

by 1,100 feet Mission Canyon limespahe.

Depth burial: Unknown; probably shallow cover.

Struecure: -Broad folds, scattered faults, e K

Zero gite access: Good; 700 feet relief for.adit access.

Sufface drilling: - Probably not dif%tcult.

Remarks: - Not satisfactory; dolomitic.
Seurces: U.S. Geol. Surve& Buli. 1042N, A. E. Roberts (oral
communication, 1960); E. T, Ruppel (oral communicatién,

'1960) .




Area 12

Southwest Momtana,

Locatien: Limestcre Hills, secs.'13 and'l4, T. 3 N., R. 2 W.;

Jefferaon County, Mont.; Devil's Fence quad.

Land owrership: Urknown; probably Public Domain and private.

Geologic formation: Lodgepole and Missicn Canyon limestones

 of Madison group; Mississippian age.

Weter conZzengs Prebably low.

- Interval: 2,000 feet of total interval possible.

Bepth burlal:. Shallew; probably colluvium omly.

Structure: Thick-bedded Mission Canyon limestone, 1,200 feét_
thick; thin-beded Lodgepole limestone, 700 feet thick; broad -
folds, scattered faults,

Zero site access: Excellent, terrain for adit; +850 feet of

reiisf, : B

Surface dfilling: Goed possibilities.

Remarks: QﬁéstLOnable; some chert all the way through the
secticn; Lodgepole éuite silty locally; gently rolling
topography.

Sources: U.S.'Geoll Sufvey‘Prof. faper 292, A. E. Roberts
(cral communication, 1960); E. T. Ruppel (oral‘communicafion,

1860} .
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Area 13

Souzthwesz Texes

Locatinzn: Brewster and Presidic Countisas, Big Bend area,. Texas.

Land ewm=rship: Private, State, and Federal,

Cenlogic formation: Devils River limestome,

Analysis: 97.5 percent CaCO3, 0.06 percent MgO, 1.08 percent..

Sioz.

2

Water content: Water table: 800 to 15200'feet depth.
Interval: +1,500 feet on Masa de Anguila; (mot completely

measured) .
{

Beoth of hurial: Up to 3,000 feet; cover inéludgs limestches,
ciays» and shales. |

Structure: . Uniform sequence; medium to thick bedded; fing
grained; forms spéétacular cliffs andlgSrges.

Zero site access: Adit possibilities excellent; inoperative

© mereury mines present,

Sur face drillines Bxcéllent opportunities..

Ocher notes: U.S. Geol. Survey Préf. Paper 312; Val Freeman
(cral qomm'uﬁications l960)i

Remarks: Looks very good; locaily caverncus; on U.S.~Mexico

Internaticnal Boundary; only one chemical’analysis available.
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Area 14

West Texzs, Southern Guadalupe Mourtzins

location: Northwast Culberson County: Guadalupe Peek, Tex.

Land ownership: unknown.

Geologic formatjon: Capitan limestone; Goat Seep.limestone,

Bone Spring -limestone; Devonian age.
Arelysis: Upper 500 feet Ls calcitic; lower 1,500 feet is
dolomitic and calcitic; impurities in upper 500 feet may

be less than 5 percent, but total unit has more.

Water cortent: Probably.low.
Interval: . 2,000 feet plus.

Depth burial: 1,000 feet plus.;

Structure: Thick-beﬁded calcitie limestone;:locally pure;

vncontorted.
[}

Zero gite access: Excellent terrain for adit.

Surface drilling: Good.

grher notes: Guadalupe Peak quad., U.S. Geol. Survey Prof.
Paper Z15; P. T. Hayes (oral communication, 1960);

Remarks: Not satisfactory: Lower 1,500 feet is doiomitic.
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Area 15 -

Sourhzast New Mexicec, Cerntral Guadalupe Mountains

Locat{on: ,Sec..30, T.'26 S., R, 20 E.;locéro County, N, Mex,

Land ownership: Unknown.

Geologic formation: Victorio Peak-limestone facies of Bone

Sprihg fecrmation; Permian age,
Analysis: Unkhown;'local areas of high CaCOj.

Water.contght: Probably low.

Tnterval: 1,080 feet.

Depth burial: +1,000 feet.

Struciture: Thick bedded; has teﬁdeucy toward abrupt lateral

1

facies change.

Zero site access: Good; 500 feet of exposures im fault scarp.

Surface drill;;g: Good.

Remérkg: No:‘satisfa;tory: lowe;ll,SOOifeet is.éolomitic.

Saurce;: N. Mex. Institute of Mines and Minera; Resources;'
Ball. 49,'Central Guadaluée Mopntains,:Socorro, N. Mex.

P. T. Hayes (oral communication, 1960).
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Area 16

Lake Mead=Greard Camyen, Arizoma !

Locerion: Pilerca's Ferry, Iceberg Canyon (south); Quarter=-
.master Canyon {north); Grand Gulch mine; 18.5 miles rorth

of latitude 36°; 13.0 miles west of longitude 114.

Land owrership: Urknown, part Public Domain.

Czslegic formation: Escabrosa-Redwall limestone.

Avalysis: 95 percent, or better, CaCO3ﬂ

Watar ccrmzent: Low.

Intervay: 800 to 1,000Ifeet max imum,

Depth of burial: 800 feet Supai 1imestonésland red beds

overlle Redwall limestone; in turn overlain by heavy

cover depending on locetion.

. Structure: Flat-lying to 45° dip, | *

J

Zero 'site access: Excellent; existing adits in vicinity;

Grzrnd Gulsh mive.

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

Other notes: U.S. Geol. Survey Bull. 798; McNéir, AAPG
Bull., v. 35, no. 3, p. 527. E. D. McKee aﬁ& Curt
Teichert (cral cpmmunication, ;960). |

Remarks: Loéks-faifgltoo much cover, toéAclose to National
Park{‘recreation area, réservoir dam gite. Not aé thick as

the Escabrosa farther south.
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Area 17

Gunaison Ccunty, Coln.

Lozatian: Secs. 11, 12, T. 46 N., R, 2 W., Gunnison County,
Colo.; Irom Hill.

la=1 cwnership: Private; controlled by Dupont Co.; much

Dupont drilling in area as expioration for nicbium.

'Geologic formation: TCarbonatite. Late Precambrian(?) age.
' Analisis: 40 to 50 sPectéographic analyses and X-ray
1

diffrzction ail show various amounts of MgO.

Water content: Probably low.
‘Interval: Unknown for calcite sectionm.’

Depth burial: Shallcw cover.

Struéture: F1 by 2 miles carbonatite intrusive; depth unknown;
U.S.B.M. driliing to 8C0 feet.

Zero site access: . Good; site is eircular, dome~shaped hill

wich 4800 to 1,000 feet relief.

4

Surface'drillﬁgg: Excellent: roads to summit.

Other potes: U.S. Geol, Survey Prof. Paper 197-A. J. C..
‘Olsen and D. C. Hédiund (orai communi;ation, 1960).
Remarks: Not sﬁtisfac:ory; compose§ mainly of dolomite;

pyrite abundant locally; siliceous; contaiﬁs veins of

apatite, iron oxides, and inclusions of pyroxenites.
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Area 18

Cerntral Avkansas

Locatlcn: Magrnat Cove, Malvern quad.,, secs, 18 and 19,

T. 3 S., R, 17 W., Hot Spring County, Ark,

Lard ownership: Private.

Geologic formation: Carbonatite; Cretaceous(?) age.
Anaizsi : 92.7 percent CaCljy; (poor sampie).

Watexr bani&nt:, Probably large; shallou water table,

Interyel: 600 by 1,000 feet by depth unknowm.

Depnth burial: PFew feet of resi{dual deposits.

‘Structure: Intrusive mass} much medium= to coarse-grained
calclte; homogencous.

~2ero site access: Carbonatite forms low hills with 60 to

100 feet of relief,

Surface drilling: Excellent,

Other notes: .U.S. Geol. Survey MF Map 53; U.S. Geol. Survey.
Bull. 1015-3; R. L. Ericksen (orél communication, 1960). .

Remarks: Not satisfactory; impurity content too high,
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POSSIBLE ALASKAN SITES FOR NUCLEAR REACTION EXPERIMENT IN LIMESTONE
By G. Donald Eberlein
Introduction

This eiatement is inten&ed to provide preliminary information
regarding possible sites I{n Alaska for a ptopoaed-nuclea; reaction
experimeﬁt in limestone.’

The determination of possible ;1tes in Alagka is made difficult
by the paucitf of detailed geologic infermetion ;vailable for siltea
evaluation in terms of the specific criteria indicated, This is
especially true with r;apect to chemical analyses and structural
homogeneity. Muech of Alaska receives moderate to heavy rainfall;

It therefore 1is not a'simple matter to locate a site with no activel

water flow because of the development of karst topography. In that .

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

appear to be init{fally the most attractive because they are nérmally
underlain by permafrost (perenﬁially frozen gfound). |

The discussion that. follows 1s' focused upon those -areas that
may quaiify on one or more counts, based on éxisting'fnformation
both published and unpublished. Needless to sa&, before any site 1s
seriously considered it should be field evaluated by a competent .
geologist. Summarized in table 2 are areas thac, basedlon the

available geologié_data, offer the best possibilities for test sites.



-

Table 2.--Summary of data on high~caleclum limestone areas for possible underground test &ites

in Alaska .
Map Format ion Location Thickness Ca003‘
number : available (percent)
(£ig. 2) - (feet)
1 Port Clarence limestone Lost River area 500-1,000 N.A. 1/
2 Mount Distin limestone' Nome area At least N.A.
: ' peveral
hundred
3 Tolovana limestone | Misto Flats- -1,500-3;000 X~rays Imdicate
' Dugan Hills : o 99+ at least
area and White locally.
- Mountains
‘& - - " Glacier Bay area 1,000+ A few analyses
. . ' indicate 96-99.
5 (S1lurian) Heceta and Tuxecan 1,000-3,400 Probably greatef'
' : Islands area ; than 95.
6 do. | pall and Long 1,000+ Perhaps greater

Islands area

than 95,

1/ N.A. - no analyses avallable.

ce
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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). Geolégic information_about the Port Clarence limestone
is fragmentary., The 1nfor;ation that follows is based upon scanty
publisted data and personal observations.

INo chemical-data are available concerming the purity of the .
Port Clarence limestone. Knopf (1908) s;ates that the Black phase
of the limestone 18 "pure carbonate tocﬁ."l Several thick sequences
of black limestone tha t ma& aggregate 500 to 1,000 feet of section
are expoéed'east ofhiost River where thickness measurements would
be easily obtainable.

The Port Clarence limestone 18 of early Paleozoic Age and
therefére probably contains littie aragonite, The dolomite conteﬁ;
cannot be evaluated without additf{onal sampling,;but some of the
limestone is known to be nondolomific.

The Port Clarence as a wﬁole is several thousand feet thick
and suitable spots could be found where 2,000 feet of limestone
overlies the shot point.l Depth of burial could reach 2,000 feet
and still retatin 500 feet above the base of the fotﬁation.

The Port Clarence limestone containsg interbedded argillaceous

limestone and thin=-bedded limestone. 1In the Lést River area the
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3

Port Clarence is tilted and broken.by & few faults; thus the s@ructute
is thought to be :elatively‘simﬁle, but complefe structural ﬁoﬁogeneity
may not be obtaiﬁahle. Reasonable hoﬁogeneity througﬁout a 500-foot
radius sphere might be possible within the massive black limeston;

member,

Nome area.=-The Mount Distin limestone tﬁaﬁ'ctops out between the
upper Nome Ri;et and ridges asouth of Salmon Lake appears to 3pptoacﬁ
the requirements stated (fig. Z)l The purity of the Mount Distin
limestone is not knawn with certaingy, but 1t'ap§ears to be very
clean. It is nonmagnesian according to C. L. Hummel {oral communi-
cation). There are some micaceous and qu;rtzoa; interbeds, b&t ic
Iéppears that zones at least several hundred feet thick are free of
such interbeds. |

The ;tratigraphic thickness of the Mount Diséin, according to
Moffit (190?)»and_Humme1, ranges from 2,200 feet to more than 3,200
feet., A depté of.bqrial of 1;000 feet could be attained f;om hori-
..gontal tunnelsg 3,000 to S,OOO:Eeetllong; In such plaées there would
be”at least 500 feet Af ﬁatérial between zero point and bﬁundary of
the limestone, but there probablyléould be micaceous or_quaftzose
limestone interbedslwithin the SOO;foot intet&al. Thé form#tién is
comp;ct.and thi;k ﬁed&ed. With thé excepéion of the micaceous layers,
i; is about as massive as limestone can be. The structure in thia
particula¥ area appears to be quite simple and free from large faults
and dikes. There may be some internal crumpling and there almost
surely are many minor faults. -
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Central Alaska

Minto Flats-Dugan Hills area.--The Tolovana limestone of the Minto

Plats-Dugah Hills are; may offer a suifgble site for the proposed
test (fig. 2).

There are no chemical analyses of the Tolovana limestone but
X-ray analyses of seven sa@ples over a strike length of approximately
6'miles and from the bottom to the top of the formatiqn show no
‘dolomite. The water content is ;of known but the limestone appears
tc contain as much as 99 percent aalcite. Within the limits of
existing:outc;Lp controls, Aeletefiods-rock-types are not known to
be presect, an& the entire formation iétapparently a pure calcite
limestone.

From continuocus exposures on the ridge between the Tolovana
and Tatalana Rivers in the ﬂortbeaét corner af the Minto Flats,
the limestone beds are generally-massive and dip 60° to éO' southward.
Two cross sections through the ridge show 2 minimum fhickpeqs of
at least 1,500 feet. The maximum thickness is probably less.than-
3,000 feet. The southwest end of the ridge gs probab}y cavernous.

Less is known aboﬁtnthe Tolo#ana limestone in the Dugan Hills.
Two parallel limestone units are present in the western half of
the hills, but only one:occurs in theleasterﬁ half, The two uwaits
present in. the western half of the hills may tep;esent a duplica-
tion by folding and/or faulting. The beds are generally massive
and nearly vézticél. The known outcrop widthiis.épproxima:eiy

1,000 feet. The total thickness could be much greater.
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The folovana limestone is also present in the White Mountains.
Very liitle i8 known geologicaily about the Whie Mountains. The
Tolovana may ﬁe 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

Wrangell Mountains areé.--The Chitistone and Nizina limestones

are sporadically diettibuted-along the southerm flahkhof the Wrangell
Mountains, Alaska, {n an east-west belt that is about 65 ﬁiles long'
‘and a maximum of iA miles wide (fig.-Z). Although some of the
physical requisites for thé prcposed limestone experiment pfobably
. exist'in the Chitistone liméstone aréaé of McCarthy Creek and near
:hQ Nizina and Chitistone River, several detrimental qualities,
particularly impurities and fractures, occur in both the Chigistone

and Nizina limestones and probably eliminate these rocks from

practical consideration as sites for the proposed experiment.

Southeastern Alaskg

Glecier Bay area,--In general, the limestone deposits im the

SN AU BT D RN SO

northern part of southeastern Alaska do not meet the qualifications
[ set forth. Deposits on Admiralty and Chichagof Isiands. and thosge
| on the mainland, commonly contain schistlo; chert layeré; ar; |
dolomitic and are cut by numerous &ikes. Many of the liméstoﬁe

units are too thin.
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The marble deposits which most reerly qualif;'ate found in
Glacigrlﬁay tfig. 2). Willeughby Isl#na and North and Soutﬁ Marble
: Isl#nd are almost entirely composed of marble. The few analyses we
have of the Willsughby Islernd marble indicaté tﬁat it contailns
between 97 and §9Ipercéut of CaC05. These analyéeelgre of samples
collected on the southeast shore of the island from the north side
of the small cove where ridges rise ébruptiy to a height of several
hundred feet and reach an altitude of more than 1,000 feet a short
distance to the north. There is essentiaily no overburden,

The largest o;cutrenées-of limestone on the mainiand are Boﬁth
of Sandy Cove, Chaﬁin (1920) reports a chemicallgnalysis of motzled .
matbie saﬁ;h of’Sandf Cove containa; CaCO3, 96.16 percent; MgCO03,
0.89 percent; insoluble residue, 2.56 percent. Othei'analyses.gf |
marble in the vicinity of Sandy Qove»ahcw;d between 96 and 95.5

percent of CaCO3. Diabase dikes are plentiful in the area.

Heceta-Tuxekan Islands area.é-ﬁigh-célcium limestone of Middle(?)
and Late Silurian age underlies most of Heceta and Tuxekan Islands '
and appears to approach-'the tequireménts (fig{ 2). The limestone
-is typi;ally massive, szlithographic, and fo? tge most part probably
contains in excéss of 95 percent CaC03. A zone of diséontinuousl
lenses and pods of conglomerate and finer grained clastic rocks 6ccurs
near the middle of the formation, but locations probably can be
selected where thése rocks will not be a deleterious factor,

Chemical analyses of the limestone on Heceta Island indicate
that in the arealaround Warm Chuck Inlee, a étratigraphic thickness
pf abcut 1,000 feet between .the top of a relatively magnesian zone
and the base of a z¢ne containiﬁg interbedded clastic rocks may be
chemically suitable. Ancther area, in the vicinify of Port Alice,
may contain as much as 3,400 feet of chemically.suitable limestone.
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Ground-water condi;ions cananct be statedlwith cgrtainty without
exploratory drilling, bdut underground waterflaw'may be a'serious
problem. Howaver, it may be possible to locate sites that are free
of active waterflow,

The stratigraphic thickness of the limestone 1is extremely
variable, The thickesg known section is on western'Hecéta Island
where a minimum thickness of 15,800 feet can be demonstrated Apptoxi-
mately 2 miles east of Warm Chuck Inlet the formation is about 5,500
feet thick. Approximately 8,700 feet of 1imestone is exposed on the
south half of Tuxekan Island.

fhe purest limestone 1s compact and thick bedded. The structure
is quite simple., The beds dip gently northward between 25‘_and-40°
ard are folded into broad north-piunging strucéurés. These are cut
by several high-gngle faults along which there hag been considerable
displgceﬁent. Jointing 15 common and numerous minor faults also
undoubtedly are present. Furthermore, the.limestone is cut by
numerous steeply dipping diabasic and lamptophyric.dikes.

The same limestone beds crop out on adjacent Prince of Wales
Island and on Kosciusko Island to the‘norgh across Sea Otter Souﬁd.
We known very‘little about the geglogj of Kosciusko Island, but it
is knowun that the limestone at Edna Bay was extensively drilled and
sampled for met;llgrgical purpo;es £y Alcoa in 1946 an& 1947,

. Accordingly, it 1is belieVed that the limestone omn Kosciusko Island
may also qualilfy both physically and - chemically for the proposed

nuclear reaction experiment..
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Dall and Long Islands area.--Areas underlain by'1imestone and marble

on Dal; and long Islands mey meet the requirements. TFolding and faulting
may duplicate and add to or reduce the éffeétive thickﬁess. The lime=
stone and ma?ble of Long Island 'probably is not as tﬂick ;s it appears
from mapped distributfon and i# considerably folded and faulted.

The oniy cgemical analyses of limestone from Dall and Leng
Islands are those pﬁblished by J. Q.IRoehm (1946) . These suggest
that the carbonate rocks contain 95 percent or more of CaC05. The
principal mineral 1s calcite, although dolomite in aﬁounts up to
about 10 percent, is locally present, as reporhe& by Roehm in one
samplé froﬁ Wate;fall Bay. .

The specified physical requirements fér device placement
probabiy would be e¢lose to critical in most places on either Da}l
or Long 151§nd. ‘The greatest potential working thickness of
limestone probably occurs west o£ Rose Inlet, soutﬁwept of the
head of View Cove, or perhaps along the soﬁchwdnre of Diver Bay.
Maximum relief in these areas ranges from Z,OQOAto 2;500 feet.
BoseIInlet, Gold Harbor, Waterfall Bay,,and possibly Diver Bay |
appear to offer the best possibility for tunneling from poiﬁts
close tolshoreline. Ac;ess to thelhigher areas 1s everywhere
difficult, The limestone and marble of Dall and Long Islands are
massive, extensively faulted and fractured, and contain many mafic
dikes bf various spaéing and size. The Silurian limestone is
massively bedded; the Wales margle-is‘géner;lly somewhgt thinner

bedded. The Wales rocks are both Broadly and intricately folded.
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Table 3. -=Physical ard chemical characteristics of limestone on Dall and Long Islaﬁds, Alasks

CaC04

MgCO3 Stratigraphic Maximum - Remarks
‘ . thickness elevation
(fegt) (feet)

Water fall Bay- Mafic dikes 200 to 30
1. Dark blue-gray %6.8 -=) feet apart, :
2. Light-gr'ay to white 89.7 9.7) 2. 0004+ 2.500 .

3. Blue-white mottle 91.6 | 6.2) T ’
4. White marble 99.86 )
Cleva Bay . ’
5. Blue=gray 96.0 --) ~ Prob. total 600 -
6. Blue-white 97.8 -=) <1,500

Quarry, View Cove ) .

8. Blue-gray to white 96.6 - 2,000+ . . 700 A few dikes,

Green Bay, View Cove ’ i
9, "T95.8- - 1,500+ -m .Large mafic dikes.

11. Dark-gray 97.6 .
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The Silurian limestones are more massive and samqwhat less contorted.
Granific or dioritic intrusions asre known to cut the Silurian lime-
stone on D#ll Island, N | :

The known physical and chemical characte¥istics of limestone at

possible localities are summarized in'table 3.
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