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Ki.LATD 1T0 W11,1Wi?.NESS 

STUDY Ai:EAS 

In accordance with the provisions of the Wilderness Act 
(Public Law 88-577, September 3, 1964) and the Joint Conference 
Report on Senate Bill 4, 88th Congress, and as specifically 
designated by PL 93-622, January 3, 1975, the U.S. Geological 
Survey and U.S. Bureau of Mines have been conducting mineral 
surveys of wilderness, wilderneEs.s study, and primitive areas. 
Studies and reports of all primiLive areas have been completed. 
Areas officiany designated as "wilderness," "wild," or "canoe" 
when the Act Was passed were ineorporated into the National 
Wilderness Preservation System, and some of them are presently 
being studied. In the case of wildt:rness study areas, the 
miocral surveys constitute one aspect of the suitability studies. 
This report discusses Cie results of a mineral survey of some 
national fore ,-;t lands in the MiJ1 Creek, Mountain Lake, and 
Pc:-.ers Mountain study areas, Virginia and West Virginia, that are 
being considered for wilderness designation (PL 93-622, January 
3, l)75). Ihe areas studied are in Coe Jefferson National Forest 
in Giles and Craig Counties, Va., and :.ionroe County, W. Va. 

SI UNITS AND INCH-POUNn SYSTE:.!, EQTVALENTS 

(SI, International System of Units, r modernized metric system of me,,urement. All values have been rounded to four significant di:lts ex-
c(pt 0.01 hat., widch is the exact equivalent of 1 la's. 1;I;e: of het:tar. k 1,0 as an alternative name for s.ltrirc hvctometer (111r.') Is re trtil,•1 

mrnsur,ment of land or watee itt-as. rge or liter (1.) Its a attic for cubic u,•erneter (dm') restth•ted to the men,urement if 
liquids and ttt4 no prefix oth,, r I tin milli should it Ilse,' with liter. Metric ton (t) ts a name for megarram ( t;') should 1,e restrict vd 
commercial usim, and no prefixes sti1d be used with it Not the style of uleter, r,Ither than square meter has beeu used for con-
venience in finding units in this table. Where the units are spelled out in text, Survey style ia to use square meter] 

SI unit U.S. customary equivalent SI unit U.S. customary equivalent 

Length Mass 

millimeter (mm) = 0.030 37 inch (in) gram (g) = 0.035 27 ounce avoirdupois (oxmeter (m) = 3.281 feet (It) avdp)= 3.004 yards (yd) kilogram (kg) = 2.205 pounds avoirdupois Ohkilometer (km) = 0.621 4 mile (Inn hvdpi= 0.540 0 toile, nautical (nmi) megagram (Mg) = 1.102 tons, shot t (2 Onn lb) 
= G.1JS4 2 ton, long (2 210 ItoArea 

centimeter, (cm,) = 0.1f..;5 0 inch,•(iti 2 ) 
meter* (iW) = 10.76 feet, (ft,) 

= 3.100 yards', (yd,) 
= 0.000 247 1 acre 

hectometer, (htn') = 2.471 acres 
= 0.003 861 section (640 act- es or 

3 mil) 
kilometer* (km,) -....: 0.386 1 mile= (nit') 
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Plate I.—Structural map and cross—sectional model of Giles (in pocket 

County, Virginia, and vicinity showing faults, fold axes, and 
location of mines and prospects (in pocket). 

Plate 2.--Maps of Mill Creek Wilderness Study Area, Giles (in nocket. 
County, Virgin:a, showing geology and sa.:aple localities of stream 
sediments and rocks (in pocket). 

Plate 3.--Maps of Peters MOuntain Wilderness Study Area, (in pocket 
Giles County, VirOnia, showing geology and sample localities of 
stream sediments, soil, and rocks (in pocket). 

Plate 4. --Maps of Mountain Lake Wilderness Study Area, Craig (in pocket 
and Giles Counties, Virginie and Monroe County, West Virginia, 
showing geology and sample localities of stream sediments, soil, 
and rocks (in pocket). 

Plate 5.--Distribution of zinc in stream sediments in Mill (in pocA.c 
Creek, Mountain Lake, and Peters Mountain Wilderness Study Areas 
(in pocket). 

Plate 6.--Maps showing areas of exposed and concealed iron (in pocket 
resources in hematitic sandstone of the Rose Hill Formation, Mill 
Creek, Mountain Lake, and Peters Mountain Wilderness Study Areas 
(in pocket). 

Figure A.—Maps showing areas of iron resources in Mill Creek 3 
and Peters Mountain Wilderness Study Areas. 

Figure B. --Map showing area of iron resources in Mountain 4 
Lake Wilderness Study Area. 

Figure 1.--lndex map showing location of the three study 6 
areas. 

Figure 2.—View of Angels Rest looking southwest from U.S. 7 
Highway 460 east of Pearisburg, Virginia. 

8 
north from the fire tower on Flat Top Mountain, Giles County, Va. 

Figure 4.--Panoramic view of Wolf Creek Mountain and Mill 

Figure 3.--Panoramic view of Mill Creek study area looking 

8 
Creek valley along the northern edge of Mill Creek study area 
showing one of the two power lines that cross the study area. 

Figure 5.--View in the Mountain Lake study area looking 7 
southwest along the flank of Salt Pond Mountain towards War Spur 
in the di!,tant center. Bald Knob is farther distant right. Johns 
Creek Mountain, the long ridge on the left, is mostly outside the 
study area. 
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Figure 6.--View of the northeast end of Peters Mountain study 10 
area taken from interior lookinl; northwest across the valley of 
Stony Creek towards Peters on 

Figure 7.--View southwest up War Spur Branch in the Mountain 10 

Lake study area looking towards a small stand of virgin hemlock in 
the distant center. 

Figure 8.--Land ownership, Mill Creek study area. 13 
Figure 9.--Land ownership, Mountain Lake study area. 14 
Figure 10.--Land ownership, Peters Mountain study area. 13 

Figure lla.--Tuscarora Quartzite at Wind Rock on Potts 18 

Mountain, liountain Lake study area, looking southwest along 
strike. The cliff is about 7 meters high. 

Ilb.--Tuscarora quartzite along Stony Creek near the south 18 
end of Peters Mountain study area. 

Figure 12a.--A typical eposure of Rose Hill Formation in 30 

young fur-at CON/0f on War Spur ridge, Mountain Lake study area. 
12b.--Massive and crossbedded Rose Hill hematitic sandstone 30 

on State Road 635 up Stony Creek at the south end of Peters 
Mountain study area. 

Figure 13.--Nap of Chestnut Flat Mine, Mill Creek study area, 47 

showing sauple localities. 
Figure 14.--View of the northwest wall of the southern cut of 49 

the Chestnut Flat workings showing limonite cemented "cap" rock 
overlying friable crossbedded sandstone with stringers and veins 
of limonie. 

Figure 15.--Close—up of the base of the northwest wall of the 50 
southern cut showing collapsed block of sandstone (c), vuggy 
limonite cavity filling (f), and vertical stalagmites of limonite 
(v). 

Figure 16.--View looking south through the westernmost cut in 52 

ferruginous Rocky Gap Sandstone at the north edge of the Chestnut 
Flat workings. Area partly graded and seeded by the U.S. Forest 

Service. 
Figure 17.--Map of Interior Mine, Peters Mountain study area, 54 

showing sample localities. 
Tables 

Table 1.--Range and median values for 41 elements in rock and (in pocket) 
stream sediment samples from Mill Creek, Mountain Lake, and Peters 
Mountain Wilderness Study Areas and for 24 elements in soil 
samples from Mountain Lake and Peters Mountain areas (in pocket). 

Table 2.--Analyses of iron— and manganese—rich rock samples 20 

from the Mill Creek, Peters Mountain, and Mountain lake areas, 
collected by the U.S. Geological Survey. 

Table 3.--Partial chemical analyses of composite samples from 41 

drill core, Mill Creek area. 
Table 4.--Analyses of iron— and manganese—rich rock samples (in pocket) 

from the Mill Creek, Peters Mountain, and Mountain Lake areas, 

Collected by the U.S. Bureau of Mines (In po(:ket). 
Table 5.--Summory ot submareinai iron resources in hematitic 44 

sandstone oi the Rose Hill Formation in the three study areas. 
Table 6.--Partial chemical analyses of limestone samples from 60 

the Mill Creek, Peters Mountain, and Mountain Lake study areas. 
Table 7.--Partial chemical analyses of silica sandstone 61 

samples from the Mill Creek, Peters Mountain, and Mountain Lake 

study areas. 
Table 8.--Eva1ua tion of shale samples, Mountain Lake study 63 

area. iv 



Mineral resource!: of the Mill Creek, 74otultJin Lake, 
and Peters nountain Wilderness Study Areas, 

Craii, and Giles Countis, Virginia, 
and Monroe County, West Virginia 

hy 
Frank G. Lesure 

and 
Bradford B. Williams and Maynard L. Dunn, Jr. 

U.S. Bureau of Mines 

Summary 
The Mill Creek, Mountain Lake, and Peters Mountain 

Wilderness Study Areas comprise about 8200 hail of sLeep wooded 

1/ All measurements are given in Si units. A conversion 
table for U.S. customary units is given on page i . 

slopes in the Jefferson National Forest in west central Virginia 
and adjacent West Virginia. Mill Creek area contains about 1800 
ha and Peters Mountain area about 1600 ha in Giles County, Va. 
Mountain Lake area contains about 3000 ha in Giles County, a 
little more than 570 ha in Craig County, Va., and nearly 1230 ha 
in Monroe County, W. Va. A small part of each study area is 
privately owned-- about 5 percent of Mill Creel., 20 percent of 
Mountain Lake and 2 percent of Peters Mountain. The U.S. Forest 
Service owns the mineral rights on all the Government land except 

for about 162 ha in the Peters Mountain arca. The three study 
areas are in the western part of the Valley and Ridge 
physiographic province and are therefore part of the folded 
Appalachians, which contain deformed sedimentary rocks of 
Paleozoic a be. The same elastic marine and non—marine 
sedimentary roc. formations ranging in age from Late Ordovician 
,to Middle Devonian are exposed throughout the region. Sandstones 

of the Juniata, Tuscarora., and Keefer Formations form cliffs, 
rides, - and steep dip slopes. The distinctive hematitic 
sandf“.one beds of the Rose 11111 Formation cover any dip Flopes 
with 'red sandstone blocks. Other foi:a4tions al- 2 less well 
exuosel and form lower sl(Ipes and valleys. 

The region is broken up into structural blccks by several 

major thrust faults. ii. Creek area is a simple syncline lying 
between the Narrows fault on the northwest and the Saltville 
fault on the southeast. Peters Mountain area lies between the 
Sr. Clair fault on the northwest and the Narrows fault on the 
southeast. The mountain is the southeast—dipping limb of a 

trunrated major anticline cut by three minor thrust [a nil and 

warped by several minor folds. Mountain Lake area, which lies 
between the Saltville and St. Clair faults, contains several 
low—plunging folds and is crossed by several minor thrust faults 
which may represent the Narrows fault zone. 



Mineral resourcea of the three study areas consist of lare 
submar ,,inal Sr on resources, large resources of common building 
stone suitable for crushed rock, and insignificant submarginal 
manganese resources. Deposits of limestone being mined nearby 
are in beds covered by more than 750 m of younger sediments 
within the study areas. Potential resources of dimension stone 
and silica sandstone have no unique properties that differentiate 
them from similar materials that are more readily accessible 
outside the study areas. Shale suitable for brick is found 
mainly in the Johns Creek valley part of the Mountain Lake area. 
Better exposures are outside that study area. 

The red hematitic sandstone beds of the Rose Hill Formation 
of Silurian age are a low—grade iron resource in the three areas 
(Figures A and B). Mill Creek area contains an estimated 370 

Figures A and B near here. 

million metric tons of hematitic sandstone, or 55 to 74 million 
metric tons of iron; Mountain Lake area contains an estimated 
1020 million metric tons of hematitic sandstone with 153 to 204 
mullion metric tons of iron; and Peters Mountain area contains 
360 million metric tons of hematitic sandstone with 55 to 72 
million metric tons of iron. This low—grade iron resource is 
contained in sandstoge beds and lenses 1 to 10 m thick and as 
much as several kilometers long, scattered throughout an 
interlavered series of shale and sandstone of lower grade that 
ranges in thickness from 45 to 60 m. The iron content ranges 
from 10 to 30 peraent and the phosphorus from 0.05 to 0.8 
percent— Mining or quarrying of hematitic sandstone in areas of 
outcrop would be relatively inexpensive, but beneficiation 
methods 'Lay not be adequate to permit economic production of 
acceptable iron—ore concentrates at existing prices. 

Submarginal iron resources in the Rocky Gap Sandstone of 
Devonian age are small in the three areas. Less than 100,000 
metric tons of limonite—cemented sandstone containing 15 to 20 
percent Fe may remain in the Chestnut Flat Mine area at the south 
end of Mill Creek area. Peters Mountain and Mountain Lake areas 
probably have even less potential for limonite deposits. 
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Peters Mountain 

Explanation 

'Area underlain by 
iron resources. 
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Figure A.--Maps showing areas of iron resources in Mill Creek 
and Peters Mountain Wilderness Study Areas. 



Explanation 

Area underlain by 
' iron resources. 

L.
1 -1 
0 1 2 riltiMi II WI 

Figure B.--Map showing area of iron resources in Mountain Lake 
Wilderness Study area. 



lotrodm.tion 
Mill Creek, Mountain Lake, and Peters Mountain are small 

wilderness study areas in the Jeffer;on National Forest in 
Virginia and West Virginia (fig. 1). Mill Creek contains about 

Figure 1 near here. 

1800 hal/ in Giles County, Va. The area is a synclinal upland 

1/ The acreages used in this report are estimated by 
planiil-ietry of U.S. Forest Service boundary maps. Acreages in PL 
93-622 are: Mill Creek, 4000 acres (1620 ha); Mountain Lake 
8,400 acres (3400 ha); and Peters Mountain, 5000 acres (2023 ha). 

forming the upper drainage basin of Crtek and its tributary, 
Mercy Branch, bordered by Wolf Creek Mountain on the northwest 
and Pec.ris Mountain on the southeast. The southwest end is along 
Forest Service Road FS 199. The east en,:, called Angels Rest 
(Fig. 2), is about 800 m from the city limits of Pearisburg, Va., 
the county seat of Giles County. The town of Narrows is 1.6 km 

-_-_-_-_-_-_-_-_-_-__ 
Figure 2 near here. 

northwest of the area. Elevations range from 1081 in above sea 
level oa Wolf Creek .iountain, 1107 in at Angels Rest, and 1203 in 
on Pearls Mountain to less than 620 in at the Narrows Reservoir on 
Mill Creek. Generally, relief is moderate within the area except 
where Mill Creek cuts across the structure and flows north to the 
New River (Figures 3 and 4). 

Figures 3 and 4 near here. 

Mountain Lake study area covers about 4800 ha from Johns 
Creek Mountain at the south to the old railroad grade along Potts 
Creek valley at the north. It includes parts of Salt Pond, 
Potts, and Little Mountains and the upper end of Johns Crook 
valley (Figure 5) and lies along the divide between New River and 
James River drainage. .About 1230 ha of the area are in 

Figure .5 near here. 

Monroe County, W. Va., 570 ha in Craig County, Va., and 3000 ha 
in Giles County, Va. Elevations range from a low of 640 m above 
sea level in Johns Creek valley to more than 1250 in on Potts 
Mountain and 1325 m on Bald Knob near the southwest end of Salt 
Pond Mountain. 
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Figure 1. Index map showing location of the three study areas. 



Figure 2. View of Angels Rest looking southwest 
from U.S. Highway 460 east of Pearisburg, Va. 

Figure 5. View in the Mountain Lake study area looking 
southwest along the flank of Salt Pond Mountain towards 
War Spur in the distant center. Bald Knob is farther 
distant right. Johns Creek Mountain, the long ridge 
on the left, is mostly outside the study area. 
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Figure . Panoramic view of Mill Creek study area looking north from the fire tower on Flat Top 
Mountain, Giles County, Va. 

Figure 4. Panoramic view of Wolf Creek Mountain and Mill Creek valley along the northern edge of 
Mill Creek study area showing one of the two power lines that cross the study area. 



 

Peters Mountain study area covers about 1600 ha of National 
Forest land that includes a number of steep spurs along th.-
southeast flank of Peters Mountain from Foster Knob at the 
southwest end near Olean to Huckleberry Ridge north of Interior 
at the northeast end, all in Giles County, Va. The southeast 
border is the paved road, Va. 635, along Stony Creek; the 
northwest border is the crest or. Peters Mountain, which is the 
boundary between Monroe County, W. Va., and Giles County, Va. 
(Figure 6). Elevations range from a high of 1205 m on Peters 

Figure 6 near here. 

Mountain to a low of 580 in on Stony Creek. 
All three areas are heavily forested with second or third 

growth hardwoods. A few small stands of mature hemlock are 
prese;ved in Peters Mountain and Mountain Lake areas (figure 7). 

Figure / near here. 

Locally, there are thick areas of rhododendron and mountain 
laurel. Access by trans and roads is fair to good for all three 
areas; the Appalachian trail traverses the full length of Mill 
Creek area, most of Peters Mountain, and the north end of the 
Mount:1H Lake area. Mill Creek is crossed by two power lines 
with cutover riht-of-way (fig. 4); Mountain Lake is crossed by 

one power line. 

Previous work 
The earliest account of the geology of the three areas is 

given by W. B. Rogers, first State Geologist of Virginia, who 

mentioned the limestone valley below Angels Rest and Salt Pond 

Mountains and the sandstone debris on the 'slopes of Peters 
Mountain (Rogers, 1836,•p. 111-112). HQ also (p. 113) gave a 

brief description of Mountain Lake. In later reports, Rogers 
(1838, p. 17-23; 1839, p. 7-9) detailed the general character of 
the Paleozoic sedimentary rocks in the Appalachian Valley and 

three of his cross sections, prepared then but not published 

until later (1884, plate VII, section 13, plate VIII, sections 12 
and 14), were drawn through the general vicinity of the study 
areas. Section 12 is just northeast of Mountain Lake area, 
sect in 13 is between Peters Mountain and Mill Creek areas, and 

section 14 is southwest of Mill Creek. These sections are good 

generalizations of the complex geology in the area. 

In 1881, C.R. Boyd published a brief account of the mineral 
resourcef: of southwest Virginia including Giles County (Boyd, 

1881, p. 934-950). Stevenson (1887, p. 61-108) made a 

reconnaissance of southwest Virginia and recorded some of the 

geology of Giles County (p. 87-95). Watson (1907, 1). 447-8), 
Stose and Miser (19.2.2, p. 118-127), and Ladd and Stead (1944) 

mapped minor deposits of iron :Indinn ngn ne se ii Giles County in 

the vicinity of the study areas; Hubbard and Croneis (1924, p. 
307-377) described the general geology of the county. Reger and 
Price (1926) mapped the geology of Monroe County, W. Va., which 

includes the north part of the Mountain Lake area. Butts (1933, 

1940) compiled a reconnaissanee geologic map and a detailed 
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Figure 6. View of the northeast end of Peters Mountain study 
area taken from Interior looking northwest across the 
valley of Stony Creek towards Peters Mountain. 

Figure 7. View southwest up War Spur Branch in the Mountain Lake 
study area looking towards a small stand of virgin hemlock 
in the distant center. 



descrI ption of the ruck units of the Appalachian Valley in 
Virginia that includes the three study areas. Cooper (1944, p. 
11-46) described the limeatone and dolomites oh the county, but 
these deposits ore exposed outside the study areas. 

Beginning in 1955, nuterous students at Virginia Polytechnic 
Institute mopped small areas of GiLes County for Masters theses. 
A few of these are pertinent to the wilderness study areas. W. H. 
Eckroade (1962) studied a large area centered on Butt Mountain, 
mci iiding all of the Peters Mountain and part of the Mountain 
Lake study area. II. H. Whitman (1964) studied the geology of 
Pearls Mountain, which includes most of the Mill Creek study 
area. 

In 1956, B. N. Cooper and several of his students at Virginia 
Polytechnic Institute began a study of the economic potential of 
hematitic sandstone in the Rose Hill Formation in south‘,est 
Vire„,.inia (Cooper, 1958, 1960; Williams, 1957; Chauvin, 1957). 

Cooper's work led to an eaploration drilling prce,.!,ram by Minerals 
Development Corporation, Roanoke, Va., on a large area of 
National Forest that includes all of the Mill Creek Wilderness 
Study Area. Results of this work praapted the U.S. Bureau of 
Mines to drill an area of hematitic sandstone in the Rose Hill 
Formation on Butt Mountain just west of Mountain Lake and to make 
detailed laboratory tests on the recovery of iron (Fish, 1967, p. 
5). 

In the early 1960's, W. A. Moon, Jr., compiled a geologic map 
of Giles County at a scale of 1:31,680. This map was not 

published but is on file at the Department of Geological 
Sciences, Virginia Polytechnic Institute and State University, 

Blacksl,urg, Va. 
Present work 

The three areas were mapped and sampled in reconnaissance by 
Geological Survey personnel during 3 weeks in April and May 1975 
and two weeks in May '1976. For Mill Creek area, we used 
unpublished maps by Whitman (1964) and the Minerals Development 
Corporation. H. P. Foose, F. C. Lesure, P. L. Weis, and Helmuth 
Wedow, assisted by D. R. McQueen, checked formation contacts and 
collected 71 rock and 62 stream sediment samples for chemical 
analyses in U.S. Geological Survey laboratories in Reston, Va. 
and Denver, Colo. 

In Peters Mountain area, the same personnel used an 
unpnhlished gooloic r,ip by Eckroade (1962), remapped parts of 
the area, and collected 43 stream sediment and 73 rock samples. 
Beati,;e of major dilferencea in interpretntion based on our 
reconnaissance mapping, Lesure spent several days field checking 
the area in April 1976 as by .1. T. Hanley. At the same 
time, .J. P. D'Agostino ead A. U. Grosz collected 48 soil samples. 

Only part of the Mountain Lake area was covered by previous 
mapping. Eckroade's map (1962) covers sone of the western edge, 
and the uapuhlished compilation by W. A. .ioon or the gooloy 
Giles County covt about half of tho ;Iroa. Our field work 

consisted of six days of reconnaissance mapping and geochemical 
sampling in April 1975 by the full field party, and an additional 
6 days of mapping by Lesure and Hanley in May 1976. We.collected 
122 rock samples and 98 stream sediment snmples in 1975. 
D'Agostino and Grosz collected 50 soil samples in May 1976. 
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Field i nves t i i on by B. B. Wi 11.1ams 1 Dium, U. S.and .1. L. 
Bureau of Mines, entailed sxdpling rock units having mineral 
potential, at outcrop if possible, or by a representative sample 
of float material. Workings at several mines and prospects 
within the study areas were mapped in conjunction with sampling 
ore material. Also, with regard to the areas mineral potential, 
Bureau personnel obtained leasing and prospecting information 
from the Bureau of Land Management; contacted Forest Service 
offices in Blacksburg and Roanoke, Va.; visited mines and 
quarries outside the areas; and conversed with representatives of 
industry, State, and Federal agencies. 

During field studies, 114 rock samples were collected by 
Williams and Dunn and were analyzed by the U.S. Bureau of :tines 

Reno ';letallorgy Reseereh Center, Reno, Nev.. Limestone and 
Si lica sandstone teAs were made on certain samples. The U.S. 
Bureau 01' Mines Tuscaloosa :letallurgy Research Center, 
Tuscaloosa, Ala., evaluated ceramic properties of shale samples. 

Suefeee and mineral ownership 
A portion of each study aree is privately owned. Under 

Wilderness designation, those lands will rer:iain in private hands 
provided any activities on them are consistent with Wilderness 
Management Policy. 

In the Mill Creek area, the Forest Service owns both surface 
and mineral rights for about 95 percent of the proposed 

wilderness (fig. 8). In the lountain Lake arca, about 20 percent 
of the proposed wilderness is privately owned (fig. 9). In 

Peters Mountain, only two percent of the surface rights are 

privately owned, but in two areas where the surface rights are 
held by the Forest Service, the mineral rights are not. These 
are FS Tract J-892, 121 ha, and FS Tract J-557, one—half interest 
of 40.5 ha (fig. 10). 

Figures 8, 9, ann 1.) near here. 
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and many local residents is greatly appreciated. 
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Geology 

Ceo-logic set.tin 

The three study areas are ia the western part of the Valley 
and Ridge physiographic province, which corresponds 1,:) the folded 
Appalachians (fig. 1). Here Mississippian and older Paleozoic 
sedimentary rocks are exposed in northeast-trending anticlines 
and synclines separated into structural blocks by major thrust 
faults (Plate 1). The Mill Creek area is between the Narrows 
fault on the west and the Saltville fault on the east. Peters 
Mountain, in the next block to the west, is between the Narrows 
fault and the St. Clair fault. Mountain Lake_ lies between the 
Saltville and St. Clair faults. The Narrows fault apparently 

dies out a few Piles west of the Mountain Lake study area, but 
several minor thrusts possibly related to the Narrows fault cross 
the north e;)(1 of the study area. 

Sedimentary roc!:s of Ordovician, Silurian, and Devonian age 

are exposed in all thlec areas (pls. 2, 3, and 4). The youngest 

geologic units are minor deposits of alluvial clay, sand, and 
gravel of Quaternary age along wajor streams, and broad areas of 
all and colluvium along the lower slopes of Salt Pond 

Mountain in Johns Creek valley, the eastern part of the Mountain 
Lake area. 

Stratigraphy 

The sainc elastic marine and non-r:A:rine sedimentary rock 
formations are exposed in the three study areas, and rock types 
in each i.n7mation are similar from one area to the ne::t. An 
unconformity at the base of the Devonian system cuts across the 
Middle and Upper Silurian formations so that: the Lower Devonian 
Rocky Cap Sandstone probably rests on niddle Silurian. Keefer 
Sandstone in t lie I 11 Creek area and on Upper Silurian Tonoloway 
Limestone or on Upper Silurian sandstones in parts of 
the Peters Mountain and nountain Lake areas. 

The formations arc fairly distinctive lithogic units, but 
some confusion is possible in mapping the major sandstone units, 
which include two dominantly red sandstone-shale sequences 
separated by a white quartzite and overlain by a second white 
quartzite. The lower red unit, the Juniata Formation, commonly 
contains fine-grained, light reddish-brown sandstone beds and•" 
interbedded reddish and greenish shale. The overlying white 
quartzite, the Tuscarora, contains fine-grained pebblc 
con:JorJerate in the louc, r pact and fine- to medium-grained 
sandstone in the upper part. lt is overlain by the second red 
unit, the 14)Se. hill Formation, which. has beds of darker red deit,,-
hematitic sandstone. Iron content of the Rose Hill sandstone is 
much greater than that of the Juniata sandstones, but 

superfif:fally parts of the two formations look alike. A second 
white quartzite, the Keefer Sandstone, overlies the .Rose Hill. 
The Keefer is generally finer grained than the Tuscarora, but 
fine-grained beds of one are indistinguishable from fine-grained 
bPds of the other. In P-ters 1,untain Lal:e areas, 
where thrust faults have cut out parts 01 the stratigraphic 
section, the Juniata is locally in contact with the Rose Hill, 
and the Tuscarora is in contact with the Keefer; the 
stratigraphic sequence is confusim; and difficult to map. The 
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geologic maps of these areas (pls. 3 and 4) present our best 
interptetation of the structnne based OH reconnaissance mppin, 
photo interpretation, nod previous geologic mapping. Additional 
mapping could improve miny mluor details. 

Ordovician System 
Martinsburg Formation 

The Martinsburg Formation is a thick sequence of gray 
calcareous shale and thin—bedded light gray limestone named frol.: 
exposures near Martinsburg, W. Va., about 340 km northeast of 
Giles County (Geiger and Keith, 1891, p. 161). The formation is 
present but poorly e; posed on the flanks of Pearis and Wolf Cceek 
Mountains, mostly outside the boundaries of the Mill Creek aren 
(pl. 2). Whitman (1964, p. 37) reports good exposures of 
Martinsburg at the Narrows reservoir on Mill Creek. None is 
exposed in the Peters \lountatn area, although several small 
streams have cut so deeply into the overlying Juniata Formation 
that. Martinsburg conld be expected along the northeast flank of 
Peters llowitain (pl. 3). In the Mountain Lake area, 'Iartinsburg 
is present in the valley of White Rocks Branch, along the 
noutheastern slopes of Johns Creek '.1ountain, and near Mountain 
Lake. The formation is generally poorly exposed; it forms steep 
slopes covered with sandstone blocks from the overlying Juniata 
and Tuscarora Formations. Good exposures of the Martinsburg are 
along the roadcut on U.S. Highay 460 at the Narrows, the gap cut 
by the New River through Peters—East River :lountain. 

The Martinsburg Formation is about 550 in thick near the Mill 
Creek area (Whitman, 1964, p. 38) and 450 to 550 m thick in the 
Mountain Lake area. 

The Martinsb..irg is generally considered to be Middle ari.:1 
Late Ordovician in age. It is overlain conformably by the 
Juniata Formation. The upper part of the Martinsburg becomes 
sandy and grades into the Juniata. On the geologic maps, the 
contact is drawn approximately; it is placed at the base of the 
more prominent sandstone beds of the Juniatn Formation. 

Juniata Formation 
The Juniata Formation of Late Ordovician age is an 

interlayered sequence of fine—grained sandstone and shale beds. 
The sandstone beds are generally pale red or grayish red and 
crossbedded. They brenk into thin slabby blocks. The shales arc 
reddish or light greenish gray and poorly exposed. llacton and 
Tait (1696, p. 2; Clark, 169Y, p. 180-181) named the formation 
for exposures a) on:; the Juninia i:iver  in Pennsylvani.t, and the. 
rocks have been traced continuously along strike through western 
Maryland, eastern West Virginia, and western Virginia. 

Juniata sandstone. is moderately well exposed in the three 
S tudy arena. Thn sandstone forms steep slopes and places 
minor cliffs below the more restsiant Tuscarora Quartite. The 
boundary of Mill Creek an closely parallels the 
inniata—Tuncarora contact alon Pennin lountain nod is most 
above the contact on Woit Creek Mountain, so that Juniata 
exposures are out: the study area.. 

' The Formation is well exposed along the west side of the top 
of Peters lountain, generally outside that study arca, and along 
two thrust Inuits on the east: slope of the mountain within the 
study area. 
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In the Mountain Lake area, Juniata is exposed in three 
erosional window:: through the Tuscarora Quartzite along a dip 
slope on the east side of Salt Pond Aouatain. Juniata sandstone 
is poorly exposed along a thrust fault in War Spur Branch aad 
better exposed where it is brought up along the thrust fault on 
the east Mania of Potts Mountain. Good exposures are also 
present on the west flank of Potts Mountain and on the east side 
of Little Mountai.n at the north end of the study area. 

The sandstone members in the Juniata Fomatioa are mostly 
very fine grained. Quartz is the principal mineral but minor 
amounts of feldspar, some zircon, and rare opaque minerals arc 
present. The sandstone is generally light grayish red, pale red, 
or pale yellowish brown. Locally, beds of light gray to white 
quartzite, a meter or two thick, are interbedded with the more 
comiaon reddish sandstone. Much of the sandstone is crossbedded; 
cross beds are thin, 1—l5 cr., and in layers 30 to 60 cm thic1::. 
The sawlstone breaks readily into thin slabby blocks and forms 
rubble that conceals outcrops. 

The interbedded shale is reddish brown or greenish gray. 
Reddish—brown layers are comanly mottled with greenish areas. 
Tilt: shale is not wel.1 exposed except along road cuts. 

The Juniata Formation ranges in thickness from 60 to 120 m. 
Whitman (1964, p. 85-87) measured one section of 93 m on Pearis 
Mountain and one of 96 m in ''111L Creek; Eckroade (1962, p. 42-43) 
measured a section of 57 in on Salt Pond Mountain and reports a 
thickness of 120 in at the west end of Butt Mountain. Butts 
(1940, p. 207) measured 60 in along U.S. Highway 460 at the 
Narrows of the New River. 

The iron conterlt of the red Juniata sandstones ranges from a 
tenth of one percent to as much as five percent, but is commonly 
about one or two percent (table 1). The ranges shown in table 1 
for 40 other elements do not suggest any unusual' concentrations 
when compared with average sandstone (table 1). 

The Juniata Formation is overlain conformably by the 
Tuscarora Quartzite of Early Silurian age. The contact is sharp 
and easily mapped. Basal Tuscarora is generally a pebble 
conglomerate and much more resistant to weathering than the 
Juniata. Locally, beds of white quartzite in the Juniata 15 in or 
more below the top of the formation may be mistaken for Tuscarora 
or even Keefer Sandstone. Such beds are gcr,-!rally thin and do 
not persist for more than a few thousand meters along strike. 

it-r] observation vay. be necessary to separateCarelul 
Juniata red sandstone from 'the younger Rose Hill red hematitic 
sandstone. Stratigraphic position and differences in iron 
content arc helpful guides. 

Silurian System 
Tuscarora Quartzite 

The thick, hard beds of Tuscarora Qnartzito are well exposed 
aloa;; hi:h ridges, slopes, and pror.linent knobs in all thri.o 

study areas (Figure 11). This distinctive. ridge—maker was named 

1, 1gure .11 near here. 

for exposures on Tuscarora Mountain in Pennsylvania by Darton and 
Taff (1896, p. 7), and It forms many of the highest ridges in the 
folded Appalachians from Pennsylvania to Tennessee. 
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Figure ha. Tuscarora Quartzite at Wind Rock on Potts 
Mountain, Mountain Lake study area, looking south-
west along strike. The cliff is about 7 meters high. 
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in the area, I h Tw:c,iror,-, ofl! 
that nearly •ent:irelts the study area. In t1 ota 

area, a. Tuscarora cliff form,. the north,, esthourd rc at thr' sit* 

area alone!, Peters Mountain, and thrust f(alIts r.rte:tt 
formation in narrow belts through the ccnter oi C:( 
patches of this quartzite are exposed in an anticline along St 
Creek and State Highway 635. 

The Jarsest  outcrop area of Tuscarora is or Salt Pol.). 
Mountain in the Mountain Lake study area, where the southe. 
side of the mountain is a dip slope of quartzite; thiq slopc! 
broken by three small streams which expose the unt._'rlying dun'ata 
Formation below spectacular cliffs of Tuscarora such ;;,; 

Bear Cliffs (pl. 4). To the north, straight, oaltow oltLcrop!, 
Tuscarora are present where the lormatiou dips stoeplv or 
repeated by faulting as along the flank of Potts !I;:unLain, 

sinuous, narrow exposure patterns form along piUiin . foIdE 
between Uhite Rocks and Little >lountain. In the t1::t,,i areas, Lite 
hipheat-. pcaks are formed by the resistant HJ:s of Tuscarolra, 

although the quartzite _s generally overlan by a thin rea,Inant of 
the youlger Rose Hill Formation. In sore pl,Qes, this renant is 

merely a few feet of ilaggy hematitic sa ndstone boulders ta 

cobbles. 

The Tuscarora is probably 40 m thick in the iill Creek 

(Uhitman, 1964, p. .41). Butts (1940, p. 235) rel:,rts 3U m of 

Tusce-.ror;! in the Narrows of the New Uivr. EcI7:- (te (3962, p. 

35) re;orts that the Tuscarora ranges in thick:,,ess frow( 17: 

the Cascades, 3 km west ofMountain Lal:e, to 42 7.s. ca the wet 

of butt Mountain and 36 in along Sto7'y Creek nea r 

area. 

The lower part of the Tuscarora is a fine— to coarse—graine:'.. 
quartzltic sandstone, generally conglomeratic. 1:11ite spheroid 
pebbles of quartz, 6-50 mm long, are co:H.lon in lenses of 
con:lors.‘raLe or in thin layers only a few p.:n:es 

for,,,tion becomes finer grained towards the to;, and locally 

contains F.iner amounts of shaly interbeds. Leddin;-. i.e. thin, 2 

10 cm, to massive, 1 to 2 in. Locally, the rock i crosshed;h:d, 
especially in the con:Jomeratic laye!s. The q'cartzite is 

generally white to li-ght. ',;ray but red an(.1 purplish iron staiw; 

are comin:an on most outcrops. A Si. ii 53 c.e73ont .;:als it hard ._1 

resNtant to weathering. 

ln general, the Tuscarora is a clean (luarLzie and cootH:1!: 

onl y nor a:aount s of trace el elm.' nt s (tab Ie ). 01 I L is 

probably pure enough for low—quality glass In a few 

places, it has been impregnated with iron or rr.:atiese oxide; 

(table 2). One manganese prot,pect foend cluri: the coursc. of 

field mapping on Johns Creek lountain (pl. 4) is in :_111 area of 

low—d!pping Tuscoroa where inc'tAllic 0:orients have accnillao:d in 

the sandstone, replacing SA101 grains and silica ce,wnt— 

lbe Tuscarora weathers into laige that 

choke drainages and mantle col1nvial 
The formation is overlain lv by red hematitic 

sandstone and shale of the Kose Hill Forma-ion. The contact is 

sharp and eaily mapv.d. 

in 



Table 2. Analyses of iron- and manganese-rich rock samples from the Mill Creek, Peters Mountain, and Mountain Lake 
areas, collected by U. S. Geological Survey. 

[For sample locations see plates 2-4. Emission spectrographic analyses by Leung Mel and Norma Rait , U. S. 

Geological Survey, Reston, Va. G, greater than; N, less than. The standard deviation of any single value should 

be taken as plus 50 percent and minus 33 percent; iron content in parentheses by Hezekiah Smith, U.S. Geol. Survey, 

Reston, Va., using colorimetric methods1 

Percent Parts per million 

Sample No. Al Fe Ag Co Cu Mn Ni Pb Zn Sample description 

Tuscarora Quartzite 

VML 143 1 8 N(.06) N(.4) 1 1 180 3 16 N(14) Composite sample of Fe-cemented 

cobbles of quartzite in layer 

30-60 cm thick. 

147 N(.06) 11 .39 6 300 77 49,000 380 N(6) 560 Composite sample of Fe-Mn 

cemented sandstone; old prospect. 

148 1.7 1 .18 N(3) 340 270 71,000 700 N(6) 780 Composite sample of Mn-cemented 

sandstone; old prospect. 

151 1.6 9 N(.06) N(.4) 1 N(1) 71 6 13 N(14) Chip sample, 45 cm layer, Fe-

cemented sandstone; top of 

formation. 

419 .44 9 .22 N(.4) 1 6 290 12 160 24 Fe-cemented,brecciated sandstone. 

438 1.1 .48 .10 3 420 230 59,000 260 23 540 Mn-cemented)brecciated sandstone. 

Rose Hill Formation 

VMC 004 1 G23 N(.06) N(.4) 1 '3 59 5 26 120 Hematitic sandstone near base of 

formation. Specific gravity 

(Sp.G.) 3.12. 

II It006 1 15 3 30 77 14 12 32 60 cm thick ledge hematitic 

sandstone, 3m above base of 

formation. Sp.G. 2.90. 



 

 

,

'1'. 'O'dS 
.uoilewJoJ. jo do4 Jeau auolspues 

oili;oua...4 'w II 'alowes dIH3 18 fil 11 00i.' St LZ S' 1; (Z)i7Z I ort 

*G2*z *u*ds 'uspuLes 
3!1!:sr ew-Gu, ,iii s-i 'a[des c1143 -07 !Z 9 Got Got 1 ()N (90*)N Z'.) i'l LI1 

'dS 
.aolspues u! altuowit auoz 

w z 'wo... looi4 'i des al:sccuipp 01Z 1.. ZS O9I 00Z 11 S' Li C...Z.5 i.7.1 S1E 

[2.z-e.ds .s,::!. aLek.4s 'auo4spu2s.
09 'aldwes dit.i3 (11)N i S 0/ 9 i (90*)N 6t tit 

*zG*z *s *ds 
-uo!leu..:0,,. ,i0 aseci u 9 'a.Jolspues 

d!u,3'ids L2 91 L. 8..., L.z z 9S* . (S*oz).zo S.6* ott 

.ill-z -0.ds -auo4spues 

oililewa 'u S.I a[dues d!H3 o/ 81 9 19 79 1 , SI PI f701 

*e *ds 
.uo!.-12.204 40 dol Jeou 'auolspues 

p!l!lewa.LI 'w S-1 '[dues diq3 61 Li 09 6 z ., (S•sOLz z• i zot 

.66.z .0 .ds .ouolspJes 

'aidwes diu,3 (c,- Z 91 OZ 09 
. 

(1)N (90')N CZ 1'1 tC_O 

.auolspues 

z.' 'dues d!i.13 (1)N 01 / IS (1)N . Z (Z.01)I 96. ZZO 

'IL. 'O'dS *uollew-lo; 
aseq .12GU auo2pspues 0!11H 011 Lz GE ort vi tzo 

*99*z *9*ds *goo Gidwes 
GA0q2 auolspues 311! ewoH Si i7 ooi 9i7 (ON oz 19* GOO 

-5.ds-ouolspur?s DT;!12wGH 
Lop,Dosu .j• 'o1dw2s dp..13 00! LZ 1 ()N (90.):," (S*2z)7z P-)* 200 

ucl.;d!Josop u7 qd !N uw n3 op 6Vd ly .oN 

(p, u0) 



 

Ta.57e 2 (Contid) 

Sample No. Al Fe P Ag Co ',i„ Mn Ni r''_ 
_ 

Sample description 

VMC 207 1.3 11 N(.)5) N(.4) b. 34 100 16 T N(I4) Hematitic sandstone Sp.G. 2.75. 

305 .98 023 1 32 42 4 /iA 57 Hematitic sandstone. Sp.G. 3.13. 

403 1 023 N(.06) N(.4) 5 92 Ilo 17 47 83 Composite, float, hematitic 
sandstone. Sp. G. 3.16. 

406 
,c
.0, 15 H 2 81 59 0 18 N(14) Hematitic sandstone. Sp.G. 2.63. 

L12 01 .,, 2 H -?.) 85 . 52 13 14 80 Hematitic sandstone, 2-3 m below 

top of formation. 

VPM CO2 .78 23 N(1) N(1) 120 oJ 14 20 Hematitic sandstone. Sp. G. 2.9L 

007 1.3 15(10.0) .31 3 
II 270 11 14 21 Chip sample, 60 cm, hematitic 

sandstone, lower part of 

formation. Sp. ',. 2.85. 

011 2.2 023(20.3) .57 I 14 130 16 20 53 Chip sample, 30 cm heatitic 
sandstone, lower part of 
formation, Sp.G. 3.02. 

012 .69 G23(18.4) .57 1 89 6 15 24 Chip sample, 60 cm, hematitic 
sandstone. Sp. G. 2.85. 

016 1.3 19 .4o 4 110 14 14 20 Hematitic sandstone Sp.G. 2.91. 

017 .83 023 N(.06) I 73 8 18 42 Chip sample.1 m, hematitic 
sandstone. Sp.G. 2.94. 

019 1.3 25 .54 II 260 16 19 39 Chip sample, hematitic sandstone 

near base of formationiSp.G. 2.93. 

022 1.2 G23 .46 4 6 150 22 17 48 Chip sample, 60 cm, hematitic 

sP,rdstone. So. G. 2.9. 

030 ' .61 20 N(.06) N(1) N(1) 38 5 13 24 Chip sample, 60 cm, hematitic 

sandstone. Sp.G. 2.96. 



2 (=It'd) 

2 No. Al Fe Ac Co Cu Mn Ni Pb Zn Sa7p1e description 

VFM 104 98 16 N(;06) N(.4) 2 N (1) 17n 10 17 29 Chip sample, 3 m, hematitic 
sandstone. Sp. ,. 

116 1.2 623(23.3) H I 1 110 el 19 55 Chip sample, 2m. 
sandstone.Sp. G. 2.94. 

124 .87 13(15.7) H H 1 N(1) 61 9 N(6) , 76 Chip sample, 2 m, hematitic 
sandstone. Sp. G. 2.93 

125 1.6 25(13.4) .49 " 2 410 0 22 42 Chip sample, 1 m, hematitic 
sandstone. Sp. G. 2.96. 

215 1.7 18 N(.06) " 3 
H 110 IL I;; 31 Chip sample, 3 m, hematitic 

sandstone.Sp. G. 2.37. 

r.) 217 2.0 23 .63 ' 4 320 11 37 Grab sample, hematitic sandstone 
Sp. G. 2.93. 

220 1.2 13 .37 6 130 2(: 12 30 Chip sample, 7 m h2—atitic 
sandstone.Sp. G. 2.89. 

400 .73 20 N(.06) 2 7
/ 100 

/
U 13 74 Hematitic sandstone,S . G. 2.95. 

LO1 .54 14 .33 3 E'l 51 12 N(14) Do. Sp. G. 2.83. 

404 2 1 16 N(.C6) 3 3 75 12 li 33 Do. Sp. G. 2.84. 

412 1.3 25 r) 1 84 20 16 /-4t Do. Sp. C. 2.93. 

423 1.3 023 L N(I) 370 14 15 , 9t, Composite, float, he—atitic 
sandstone.Sp. G. 2.37. 

VML 013 1.1 G23(29.7) 2 1 140 15 23 130 Chip sample, 1.5 m, hematitic 
sandstone.Sp. G. 3.07. 

017 3 18 8 N(1) 220 28 15 37 Chip sample, 60 cm, hematitic 
sandstone.Sp. G. 2.88. 



Table Z tcont'oj 

Sample No. Al Fe P Ag Co Cu Mn Ni P) 7 Sample description 

VML 019 1.4 23 .67 N(.4) 1 N(1) 140 9 20 86 Hematitic sandstone. 

100 1.1 16(11.9) N(.06) 1 3 160 10 12 18 Chip sample, 2 7, , hc7,atitic 
sandstone. Sp. G. 2.87. 

102 1 20 3 N(1) 120 10 16 33 Chip sample, 1 m, hematitic 
sandstone. Sp. C. 2.85. 

109 .9 023 l 2 6 85 13 18 • 100 Chip sample, 1 m, !-ematitie 
sandstone. Sp. G. 3.C4. 

115 .77 25(19.8) .48 1 2 57 9 16 46 Chip sample, 2 m, hematitic 
sandstone. Sp. G. 3.12. 

126 .68 023 .51 N(.4) 3 N(1) 100 25 16 74 Chip sample, 1 m, hematitic 
sandstone. Sp. G. 3.07. 

135 .89 023 .61 9 2 260 25 21 120 Chip sample, 2 m, hematitir-
sandstone. Sp. G. 

145 .83 023 • N(.06) " 4 1 320 13 26 49 Chip sample, 1 m, hematitic 

sandstone. Sp. G. 3.07. 

1L3 1.6 25(22.4) I' II 5 47 5 4 0 18 55 88 Chip sample. 2 r, hamatitic 
sandstone. Sp. G. 3.02. 

210 1 023 .57 .5 2 . 7 87 8 20 60 Hematitic sandslore. Sp. G. 3.02. 

222 1.4 16 N(.06) N(.4) 1 N(1) 83 3 9 M(14) :4ematitic sandstone. Sp. G. 2.75. 

302 1.1 023 .62 .9 2 100 14 650 1000 Hematitic sandstone, near base 
of formation. 

312 1.5 I N(.06) N(.4) 4 27 82 14 20 69 F-matitie sandstone, near base 
of formation. 

401 1.1 1 6 100 6 29 44 Hematitic sandstone. Sp. G. 3.01. 



Table 2 (cont'd) 

Se- pie No. Al Fe P Ag Co Cu Mn Ni Pb Zn Sample description 

432 .86 G 23 .97 N(.4) 3 16 230 21 13 130 Limonitic and hematitic sandsto 
Sp. G. 3.32. 

405 3.2 1 N(.06) " 3 4 330 13 15 68 Hematitic sandstone, near base 
of for -ation. Sp. G. 3.09. 

414 1 25 .46 .. 2 4 93 19 33 53 Hematitic sandstone.Sp. G. 2.38 

417 .85 10 .14 N(1) 1 100 2 N(6) N(14) Hematitic sandstone.Sp. C. 2.78 

423 1.2 623 N(.06) 5 10 1000 15 26 130 Hematitic sandstone 

44o i.5H .62 t! 
3 1 680 10 39 68 Do. 

444 1.2 N(.06) 4 3 610 10 28 120 Do. 

t..)
L., 452 .43 21 H 1 51 81 6 14 Si Do. 

502 

\7:C 112 

VPm 205 

1.2 

.53 

1 

26 

18 

23 

.45 

.68 

.7 

" 

N(.4) 

N(.A) 

2 

7 

35 

6 99 

Keefer Sandstone 

130 600 

101 2300 

9 

37 

110 

18 

110 

130 

93 

100 

1500 

Chip sample, 1 m, !-,erratitic 
sandstone. Sp. G. 3.02. 

Chip s=ale, 1.5 m. li7onite— 

cemented,brecciated sandstone. 

Composite sample, Fe-cemented 
sandstone from dun). 

VML 009 2.4 623 N(.06) .8 1 48 160 9 Glom 190 Bedded (7) li-onite. 

olo .86 5 1 22 2 16000 22 10 58 Fe-Mn cemented sandstone. 

424 .24 7 .2 N(.4) 11 34 910 30 53 143 Brecciated sandstone. 

1425 1.4 1 .12 4.8 780 150 49000 360 210 1700 Mn-Fe cemented sandstone. 



 

Tabie 2 (cont'd) 

No. Al Fe P An Co Cu Mn Ni Pb Zn Sample description 

Tonoloway Limestone(?) 

VPM 111 .96 023 .69 N(.4) 18 41 1700 170 42 1300 Limonite replacing thin bedded 
limestone. 

Rocky Gap Sandstone 

VMC 001 .77 

% 

023 N(.06) N(.4) 8 14 100 120 42 450 Chip sample, 5 m, Fe-rich 
sandstone, upper part of 
formation. 

002 

100 

.79 

1.6 

20 

023 

N(.06) 

N(.06) 

m 6 

14 

14 

51 

100 

300 

.) ./ 2' 

86 1I0 

410 

450 

Chip sample, 5 m, Fe- rich sand-
stone, lower part of formation. 
Sp. G, 2.60. 

Chip sample, 3 m, Fe- rich 
sandstone. 

11.9 - .22 023 N(.06) N(I) 53 88 10 35 190 Cnip sample, m,Fe- cemented 
sandstone. Sp.C. 2.1. 

200 1.2 023 N(.06) N(.4) 10 100 N(68) 100 85 460 Fe-cemented sandstone. 

300 2.4 023 54 250 320 120 130 590 Do. 

301 

312 

03 

1.8 

023 

G23 .9 

.5 

.8 

34 

8 

80 

31 

200 

210 

150 51 

36 440 

580 

140 

Chip sample, 2.5 m, Fe-cemented 
sandstone. Sp.G. 2.71. 

Fe-cemented sandstone. 

7,nr,
--?Q',/ 1.7 023 N(.06) N(.4) 21 50 300 78 58 420 Fe-cemented,friable sandstone. 

401 .95 023 .6 2 9 52 22 45 280 Do. 

V.:PM CO3 .52 023 1.2 N(.4) 41 87 580 320 30 2000 Do. 

004 .15 023 .5 .8 23 17 4100 68 20 280 Do. 



Table 2 (cont'd) 

Sample No. Al Fe P Aq Co Cu Mn Ni Pb Zn Sample description 

VPM 028 

033 

.7 

.93 

25 

G23 

.7 

-7 

N(.4) 23 

1 

51 

46 

150 

47 

180 

22 

18 

20 

1100 

210 

Fe-cemented,friable sandstone. 
Sp. 0. 2.60. 

Chip saTple, 2 m, Fe-cemented 
sandstone. 

109 .68 21 N(.06 1 47 100 26 34 250 Chip sample, 7 m, Fe-cemented 
sandstone. 

127 .72 13 N(.0) 1 25 300 12 21 110 Chip sample, 1 M. Fe-ce-orted, 
friable sandstone. 

203 .33 17 N(.06) 1 24 240 15 11 260 Chip sample, 4 m, Fe-ce7ented 
sandstone. 

204 51 023 N(.06) .4 6 24 120 97 33 1100 Chip sample, Fe-ce7ented 

sandstone. 

VL 1.07 023 N(.06) 5 15 10 190 360 21 890 Chip sample, 2 m, Fe-cemented 

sandstone. 

112 .32 ; .86 N(.4) 40 36 1800 350 33 930 Chip sc. pie 2 m. Fe-cemented 
sandstone. 

132 .58 13 41 30 59 210 250 14 870 Chip sample, 1 -, Fe-cer-ented 
sandstone. 

234 .5 10 .44 N(1) 18 120 2 14 250 Fe-cemented sandstone. 

301 .24 16 12 il 1600 72 21 910 Fe-cemented sandstone. Sp.G. 2.62, 

403 .66 20 N(.06) 2.5 35 32 30000 14 110 700 Fe-cemented,friable sardstonc. 



Table 2 (cont'd) 

Sale No. 

VML 426 

Al 

1.5 

Fe 

2 .13 

Ac 

4.3 

Co 

870 

Cu Mn 

130 160000 

Ni 

420 

Pb 

1000 

Zn 

4600 

Sample description 

Mn-cemented sandstone. 

428 .34 23 .67 N(.4) 9 33 320 . loo 92 880 Fe-cemented sandstone. 

423 .74 G23 1.3 18 30 470 240 85 2500 Limonite-cemented,brecciated 
sandstone. 

450 1.4 G23 1 12 73 430 70 62 1600 Fe-cemented sandstone. 

453 .50 20 7 
*/ 

I! 
17 96 170 160 310 1800 Do. 

Huntersville Chert 

Vir), 110 1.4 18 0.4 N(.4) 4 51 180 34 75 295 Fe-cemented,brecciated chert. 

126 .3 13 0.3 N(.4) 9 82 290 83 27. 630 Chip sample, 60 cm, Fe-cemented, 

brecciated chert. 



Pose Hill Formation 
Red hematitic snn:!stono of the Rose Hill Formntion is the 

most distinetive and widespread rock type throughout the three 
study areas. These sandstone beds contain from 5 to more than 33 
percent iron and are a significant submarginal iron resource. 
.Li de areas of dip slope on the Rose Hill Formation in the three 
areas could be easily mined if an economical method of 
concentrating the iron were developed and if the need to use such 
low-grade paLerials existed. This iron-rich rock has been 
correlated with the Clinton Formation of New York and has been 
called Clinton-type iron ore, or red ore, Some thin beds rich in 
fo:Isil material and iron are known as fossil ores and contain 
more iron. Iron ores mined near Birmingham, Ala. , are of this 
type (Wright and others, 19(i8, p. 405-411). 

The Rose Hill Formation was named by Swartz (1923, p. 28) 
from exposures on Rose Fill, Cumberiaad, lid. The formation can 
be traced south from 71nryland into West Virginia with only minor 
variations in the proportions of sandstone and shale. The red 

beds are its most distinctive characteristic. Rocks we mapped as 

Rw-4e Hill were included in the Cacapon Member of the Clinton 

Form)tion by Butts (1940, p. 237-250). 

In Giles County, the Rose Hill Formation is an inter layered 

sequence of red and p 7een1sh gray sandstones and shales. Most 

coalon are dark .grayish red, very fine- to coarse-grained 
qurtzitic sandstones, well cemented with hematite. Some minor 

granule and fine-grained pebble conglomerate is present locally. 
The hematitic sandstone comrtonly contains clay galls or 
elliptical chips of pale red shale- st: of the sandstone is 

thinly cressbodded; soe is ripple marked. The sandstone crops 
out well, but interlayercd shales are poorly exposed. The shale 

in intervening areas is covered by abundant fiat, slabby cobbles 
and boulders of sandstone (figure 12). 

Figure 12 near here. 

In the Mill Creek area, at least two zones of thick 

hematitic sandstone were indicated by drilling, and Whitman 

(1964, p. 44) recognized four zones in his mapping. Correlation 

of individual zones between drill holes is uncertain, probably 

becnuse the hematitic sandstone beds are lenticular and ranfloctly 

::;pac:.d in the formntion. The amount of s:indstune seems to range 
from about one-fourth to one-third of the formation but appears 
to be greater because of the tendency of large amounts of 
sandstone debris to cover the less resistant shale. 

The hematitic sandstone is dense, heavy, and well cemented. 
Specific gravity of samples collected ranges from 2.63 to 3.32 
and averages 2.9/1. Specific grovity of non-hemntitic sandstone 

f 2 -00) I (')) 1 0 2. m1,1 !; >t lid vc F I p abO lit 2. 50. The 
median value for the iron content in 68 samples of hematitic 
sandstone is greater than 23 percent (table 1). Some of those 

iron-rich snudAone:; :n1. ';u contain more copper, Lead, and zinc 
thnn averae sandstoue5; (t:IMe 2), but these amounts are not 
I mportant. c,..onomically. In addition to these elements, curium, 
niobium, strontinm, thorium, and zirconium are also a little 
above the average for sandstone (table 1). 
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Figure 12a. A typical exposure of Rose Hill Formation in 
young forest cover on War Spur ridge, Mountain Lake 
stud': area. 
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Figure 12b. Massive and crossbedded Rose Hill hematitic 
sandstone on State Road 635 up Stony Creek at the 
south end of Peters Mountain study area. 



i (1964 , p. Wi-)1) r, ports the thici,..nt , !:s of the Rose 
n t i t" !‘i iii. Creek Fea to be 79-82 in, but drilling 

by i I era s neve 1 opm::at Corpora i , Ro‘tookt- Va. , in that. area 

did not revea 1 iltor(' 1111,111 45 m ot Itose Hill. Butts (1940, p. 242) 
reports 48 m at the Narrows, bat Chauvin (1957, p. 17-18) 

measured 57 m along U.S. Highway 460 at the Narrows, perhaps 

along a newer road cut than the e;,,.posure Butts measured. Fish 
(1967, p. 7) reports that the thickness on Butt Mountain ranges 

from 45 to 60 llt, which agrees with C.ckroade's estimates of 48 in 

on Johns Creek :1ountain and 63 m on White Pock Mountain (19(12, p. 
15). 

The Rose Hill is overlain conform.lbly by the Keefer 
Sandstone. The contact is sharp and generally easily mappable. 

Keefer Sandstone 

The Koco:er SandsLone is a ridge-making white quartzite 

similar to the Tuscarora but not as coarse grained. The lower 
part of the for t:s is moderately well exposed in the three 
study areas. It generlly forms knobs and spurs that are 
slightly 1,-,er than those fumed by the Tuscarora. 

The Keefer Sandstone was mn..1A by Stosc and Swartz (1912, p. 

5) for exposures on Keefer Moo n tam in Maryland. What has been 

generally called Keefer Sandstone in this part of Virginia 
(Butts, 1940, p. 245-247; Lesure 1957, p. 37-39; Spencer, 1970, 
p. 71-73) is much thicker and may include both older and younger 

beds than Keefer type-se.ction (Woodward, 1941, p. 94-95; 
Cooper, 1944, P. 119; Folk, 1960, p. 45). For this and other 
reasons, some recent workers prefer to use the term "Keefer" 
Sandstone to indicate the differeit2e between type Keefer and this 
expanded unit (Dennison, 1970, p. 9; Diecchio, 1973, p. 16-17). 
In this report we vii11 continue to use the term Keefer, without 
quotation rcirks, for the expanded unit. 

Much of the lower part of the Keefer Sandstone is a white, 
fine- to medium-grained quartzite. Weathered surfaces may be 
stained red, brown, or black by iron oxides. Unweathered Keefer 
exposed in a recent road cut along U.S. Highway 460 at Cap 
Aountain contains disseminated grains of pyrite, and some of the 
iron-stain on weathered Keefer may be caused by oxidation of 
pyrite. Pwdding in the formation ranges from thin, 1-3 cm, to 
massive, 0.5-1 m. Cross bedding is common. Scolithus tubes, 
thin vortical markings in sandstone that apparently represent 
animal burrov:s, are CO0r) 

quartzitic sandstone of the lower part of the Keefer 
Sandstone grades upward into friable, white to light tan or 
orange sandstone that tends to he poorly exposed. This rock may 
have had a cat•bonate cement when fre!-511, but weathered outcrops 
now contain varying amounts ct iron oxides. This poorly exposed 
part of wlit we mapped as Keefer may correlate with formations 
generally younger than type Keeler, such as the Williamsport 
Sandstone or the.Wills Creek Formation. 

The Leefer ' Siindsfone' is 30 to 33 in thick in the Mill Creek 
area (Whttman, 1964, p. 4), 47 m along U.S. 460 at the Narrows 
(Butts, 1940, p. 239), and about 45 m thick in the Peters. 
Mountain and Mountain Lake areas (Eckroado, 1962, p. 17). 
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The Keel or overia in in the 11.11 Creek area by the Rocky 
p Sit lid s !ono. 1 n t re te la; ain an:1 M oun t a in Lake areas , 

the Keefer is apparently overla in by the Tonoloway Limestone, 
which is not exposed. The covered inta.rval between the 
well-exposed uppermost quartzite layers of the Keefer and the 
Rocky Gap Sandstone include an unknown thickness of friable 
sandstones ot the upper Keefer and probably 15 to 20 in of 
Tonoloway Limestone. The contact shown on the geologic maps has 
been drawn at the base of reconizable Rocky Gap Sandstone. 

The ranges in trace elent. content in 51 samples of Keefer 
Sandstone are gix, cn in table I. One sample from Mill Creek, one 
from Peters Mountain, and three from Mountain Lake contain large 
amounts of iron (taLle 2). These are from brecciated sandstone 
cemenred by secondary iron wddes and do not represent 
Sign ificant potenti.al sources of iron. 

Tonoloway Limestone 
The Tonoloway Limestone is a thin-layered, gray, shaly 

limestone named for exposures on Tonoloway RIdge in western 

Maryland (Ulrich, 1)11, pl. 28; Stose and Swartz, 1912, p. 7). 
The only e::posures of Tonolcaaly near the areas studied are those 
along Stony Creek north of interior and outside the Peters 

Mountain study area. Eckroade (1962, p. 19) measured 23 in of 

Tonoloway along Stony Creek and estimated a thickness of 15 m 

elsewhere in the vicinity of Peters Mountain and Mountain Lake 
areas. 

The Tonoloway was not mapped separately because of a total 
lack of exposures. There is no firm evidence that Tonoloway is 
preseut in the Mill Creek area. It may have been removed by 
erosion before deposition of the Lower Devonian Rocky Gap 

Sandstone. One sample' of handed lislonite from the Peters 

Mountain area (Table 2) my represent thin layered Tonoloway 
Limestone replaced by iron oxides. 

Devoaian System 
Rocky Gap Sandstone 

The three study areas contain a few isolated exposures of an 
iron-stained and locally iron-cemented coarse, friable sandstone 

that is correlated with the Lower Devonian Rocky Gap Sandstone of 
Swartz (1929, p. 81-84). The type locality of this formation is 

3 km east, of Rocky Gap in Bland County about 24 km southwest of 
Narrows. 

The formation is a friable to well-cemented, medium- to 
coarse-grained qu!rtz situ] stone. 'Iron oxides and hydroxides are 
the principal cement in outcrop but calcium carbonate is probably 
the principal cement where the rock is not_ weathered. 
Tmpreasions of various marine fossils, including crinoids and 

brachiopods, are common. The sandstone is about IS m thick in 

the Mill Creek area (Whitman, 1964,p. 49) and 18-25 m thick in 
the Petcrs Mountain and Mountain Lake areas (Eckroada, 1962, p. 

21 ). 
in Mill Creek, the Rocky Gap Sandstone is exposed in two old 

iron-mananese aloag I I a we I ud ge ot Lhic study area and 

one small isolated outcrop 1. 5 km to the east.. In Peters 

Mountain, the sandstone is exposed on two small knobs at the west 

end of the area and more extensively at the east: end of 

Huckleberry Rid ge and on the small knobs atom; the lower part of 
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Di :m. t -onch. The iron workings west_ of Dismol Branch are 
partly in Rocky G;ip :and!-:Lone but_ MOStiY in the interval normally 
occn pi , I ) (y„,.ly Ii °Ilk` and upp,_r Koi.‘fer Sandstone. 

Mountoin Lake Area, the Rocky Cop Sondstone is poorly exposed 
ol(nIg the hose of Potts, I t Pond, nd .1ohns Creel: Mountains. 
The 5;:indstone forms triongular 50001 :es called flat 
irons, alonp, the lo;.;er flanks of the high ridges. 

Trace element contents of 31 samples of weathered Rocky Cap 
Sandstone ore summarized in table 1. Selected 1:1k.ments for the 
more iron-rich simples are given in tohle 2. The Ii 1i values ior 
zinc in m:Iny of the iron-rich satiples may be typical for this 
type of iron deposit. Zinc has boen reported as a minor 
constituent of similar supergene iron ores found in the Lower 
Devon an at the :‘1 Inc. 1 egli,Aly CounLy, Va. , about 83 kin 
norlheast of study areas (FirTstone, 1879, p. 93-99). The 
zinc may have accumulaLcd with iron and manganese during 
weothering or cl.ty be an oriinol part of the calcareous 
sondstone. The overlyig blck shale contains minor 
concentrations of zinc in colcareeus concretions that would 
supply the metal to ground L,olutiobs during weathering. Fresh 
calcareous sandstones of the Lot,er Devon : 0 that crop out about 5 
km east-northeast of :Thjte Sulfur Springs, Greenbrier CounLy, W. 
Va. , 48 km northeast of Peters Aountain study area, contain as 
much as several percent zinc locally. These sandstones are 
siThAar to the Rocky Gap Sandstone and may be partly correlative. 

An ulconforgiity seporotes the Rocky Gap Sandstone from the 

underlying :liddle and Upper Silurian formations. The exact 
correlation of the Rocky Gap with a more complete section of 
Lo\ler Devonian rocks e::posed near Clifton For;--,e, Va., is not 

THO Rocky Gap SarrThtone is overlain by the huntersville 
Chert of Price (1929, p. 236), which is also considered to be 
Early Devonian. 

fluntersville Chert 
In the Mill Creek and Peters Mountain areas, many of the 

small outcrops of Rocky Gap Sandstone, are covered with fragments 

_ 

of white chert that may be the Huntersville Chcrt, named by Price 
(1929, p. 236) from exposures near Huntersville, Pocahontas 
County, W. Va. No more than a few meters of chert are preserved 
in these areas and no chert beds in place were found. Eckroade 
(1962, p. 21) estimated an average thickness of the formation of 
20 in along Peters Mountain north of Interior. Some chert was 
also seen in the soil above Rocky Cap Sands t. exposures in 
Johns Creek valley, hut no thickneL;!.e:; could b ikaured. The 
impression from reconnoissance mapping in that area was one of 
very little chert; the overlying black Millboro Shale appears 

nearly in contact with the Rocky Gap Sandstone. 
Only three samples of weothered Huntersville Chert were 

anolysed. All contain more zinc and iron than average 

sedimentary rock. Th- iron is probably the result of supergene 
proceo,l, and the zinc it he, te,o. 

The Huntersville Chert is overlain by the Middle Devonian 
Millboro Shale. 
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hm- 0 Shal e 
In Johti Cr 1. valley and the valley of Crosier Branch north 

of Potts ':leuntain, the fluntersville Chert and Rocky Gap Sandstone 
are overl:iin by a thick mass of dark gray to black shale. This 

rock Idd:; named 1111 born Shale by Butts (1940, p. 308), for 

exposures near Millboro Springs, Bath County, Va. , more than 105 

km northeast of Mountain Lake aLoa. The shale is well exposed in 

several. small roadside quarries west of Waiteville in the valley 
of South Fork of Potts Creek (pl. 4). Locally, it contains 
abundant tine—grained pyrite crystals. In the study area, the 

shale occurs as black to cream—colored chips in the soil and i.s 
exposed in a few outcrops alon smili streas. No section of the 
Millhoro w,ts measured in the vicinity of the study areas, but the 
formation may be several hundred meters thick. The black shale 

i4rades upward into the dark gray to greenish—g ray shale and 

sandstone of the overlyi;-g Brallier Formation. This contact is 
not well exposed and no attulot to map it was made during our 
reconnaissance. 

Brallier Shale 
The youngest rocks in any of the study areas are a thick 

series of dark shale and very fine—grained sandstone poorly 

exposed along steep slopes and small streams in Johns Creek 
valley. These rocks are corre1ated with the Brallicr Shale of 
Late Devonian age. Butts (1918, p. 523-524) named the formation 
for exposures near Brallier Station, Bedford County, Pa., and 
traced it the full length of the Valley and Ridge province in 
Virginia (1940, p. 318). 

Butts reports a thickness of more than 900 in 011 Brushy 

Mountain in Bland County, Va., southwest of the Mountain Lake 
study area (1940, p. 318). In the study area, where the top of 

the formation is not present, the Brallier Shale may be as thick 
as 100 m. Aany of the small hills in the Johns Creek valley are 

capped with colluvial—alluvial gravels, but the slopes are 

covered with shale chips of the Brallier. 
Cenozoic System 

Quaternary deposits 

Many of the streams in the study areas have minor deposits 

of all along their lower reaches and some have extensive 
boulder fields of eolluvilrl—alluvium in the upper reaches. Some 

of these areas are large enough to map in Peters Mountain and 
Mountain Lake ar:..as. A continuous sheet of colluvial gravel 
conceal S bedrock in the upper part of Johns Creek, mainly along 
the lower slope of Salt Pond Mountain (pl. 4). This gravel is 
thin and probably does not average more than 1 or 2 meters in 
thickness. Boulders of Tuscarora Quartzite and hematitic 
sandstone of the Rose Hill Formation are the most common 
ingredient Just east of Saltpeter Branch on the side of War 
Spur ridge is an area of jumbled blocks and boulders that may be 
a Jarge landslide mass. Smaller :1Ec.IS of talus are common near 
Hills of Tuscarora and Keeler but were not mapped. 
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Structure 

Structurally, the throe areas are part of the folded 
Appalachins. They lie along major :o.Ls 1 hat to ;id tOr tens of 
kilo:Actors along the regional northeast strike (p1 at: I). 

Mill Creek is part of a relatively simple syncline, the 
Pearisburg or Butt Mountain syncline, which extends from Salt 
Pond Mountain in the Aountain Lake area to and beyond Tazewell, 
about 74 km southwest of Pearisburg. The formations dip 5 to 30 
degrees towards the axis of the syncline, which is along Mill 
Creek and Mercy Branch. The aN.is apparently plunges gently LO 

the southwest. 
Peters Mountatn is the southeast limb of a largo anticlino 

that has been cut by the St. Clair fault to the west. The 

southeast—dipping limb is also cut by three smaller thrust faults 
and contains several minor nnticlines and synclines. Axes of all 
the minor folds trend northeast; they plune gently southwest in 
the western part of the area and northeast in the eastern part. 

The Aountai.n LaLo area contains several northeast—plunging 
folds cut by at least five thrust faults. At the southern end of 
the area, the valley of Johns Creek is a large northeast—plunging 
syncline tnaL continues for at least 48 km to the northeast 
beyond the study area. Flanking this syncline to the north is 
the Salt PortO. Bane anticline that extends 24 km or more 

southwest of the area. This anticline is cut off by the thrust 

fault along War Spur Branch. A slmller anticline north of War 

Spur dies out in the flank of a larger fold that is in turn cut 
off by the thrust fault on the flank of'PoLts Mcoantain. 4.nother 
large fold along White Rocks Creek splits into sevci:al minor 

northeast—plunginF; folds bet;.,een Potts Mountain and Little 
Mountain. These folds are asyrametric with gently dipping 
southeast limbs and steep or overturned northwest limbs. 

The structure of all three areas is related to the late 
Paleozoic deforation of the Appalachian region and is a product 
of lateral compression. The small thrust faults in the Peters 

Mountain and Aountaln Lake areas probably merge into the St. 
Clair and Narrows faults at. depth. Total amount of horizontal 
movement produced by folding and faulting is unknown, but 

according to the cross—sectional model on Plate 1, the horizontal 
movement must have been more than 30 km. 

Geochemical Survey 
A rec:ninaissJn..e geocbe,lical survey was made of each area to 

Lest for indistinct or unexpnsod mineral deposits that might be 
recognied by geoonoical halos. S ii I lam geochemical 
surveys based on tracc—eloment annlyses have boon credited with 
the discovery of man; types of mineral deposits (Hawkos and Webb, 

1962). No metallic mineral deposits other than iron and 

mangancse Nro known in ril(. secinf.rnee of rocks exposed in the th ree 

study areas, and no evidence of any other deposit v./as found in 
t IRe it,t . (w tonil l';1 I ;(.11(1 I , ; 1101 llulc'd a11;1 1}, ;(.?!; of stream 

sed , r, uck , and 1 
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Most of the s. ii drainThe basins in e;Ich study area and 
many of those adjacent. to the ,Iirk!flS were sampled by collecting a 
few handfuls of the finest' sedient available. Alter drying iH 

the laboratory, the samples were sieved and the minus 80-mesh 
fraction used for an.,lyses. 

The rock st i les consist of a few small chips taken from 
beds of one lithology and known thickness. The samples ;.lre 
representative of the ;.:lajor rock types exposed in the study 
areas. The Juniata and Rose flill Formations contain interbedded 
shales thot are not well exposed and w;:re Hot sampled. The 
lonoloay Limestone was also not samplcd because of a lack of 
ezposur..s. The hematitic sandstones of the Rose Hill Formation, 
the limonitic sandstones of the Rocky Gap and Keefer Formations, 
and a few mananes,.--cemented sandstones in the Tuscarora 
Quartzite represent subeeonomic resources of iron and manganese 
(table 2). No other obviously mineralized rock was found. The 
soil satlples, from five areas in Mountain Lake and one area in 
Peters Mount:An, are irom the A2 or upper B soil zones, just 
below the dark organic-rich surface soil or A, zone. 

All stream sediment and rock samples were scanned 
spectrograpllially for Glt elements and analyzed chemically for 
gold in the U.S. Geological Survey laboratories, Reston, Va. 
Soil samples were scanned spectrographically for 30 clu,lents and 
analyzed chemically for zinc in the U.. Geological Survey 
laboratories, Uenver, Colorad'). 'Inc complete analytical data arc 
given in \lei and Lesnre (1978), Mei and others (1978), Raft and 
Lesure (1928), and Motooka and others (1978). 

Results 
The analytical data outline areas rich in iron and 

manganese; they do not outline any other well-defined .anomalous 
areas obviously related to mineralized rock. Some of the rock 
samples rich in iron or manganese tend to contain more barium, 
cobalt, copper, nickel, silver, and zinc (table); however, these 
are common geochenical associations formed during weathering and 
do not suggest the presence of economically valuable deposits of 
these elements in elastic sedimentary rocks. Histograms showing 
the distribution of zinc in stream sediments in each area (Plate 
5) suggest a bimodal distribution. Other elements tested for 
seem to have a noniat or background distribution in the stream 
sediments. 

in the Mill Creel' area, the strav:is with 70 ppm or more zinc 
are all outside the thdy area (Platt! 5). These streams drain 
areas underlain mostly by Ordovician carbonate rocks that are not 
found within the study area. Limestones and dolomites like these 
commonly contain traces of zinc. 
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In 1'c1( , ; - .. 
zinc zirc 1 he ea f 

The :IL Vt • ;iill COnt:. 700 1,; ( Vi JE , ;•:‘, ;. reJ 

includes the lnrior iror! Nine. in this 
heavily contami7lated WP- Ii fines from minfrIr; the iron or). 'I 
limonite from the interior lAno contains as MIlh as 15P;) 

zinc; hence the high zinc contcnt of Lhc. stream sedi,..,:..‘nt 
Three diner streams in the Peters sAountain ared - that cont;,3:1 
zedimont —with - 100 zinc also- drain areas hay.in 

limort ,.—(emented R:)cky Gap Sandstom,. 
in Mountain 1 ,ke arQa, mor,t of the stream sedi.t: 

containn;:, i00 or more zinc are in Johns Creek 

strea::::4 drain al-cas that. have outcrops of limonite—cemen,,,f, 
sands Lone (Pinto 5). 

In order to evaluate further thc strearn sedimant data, soli. 

saiJple5 were ec'lectk:.d in flix a r. th,=t have drainae has 
containinc, ano:%alous zinc. Forty of the soil so7ples coin 
areas underlai.n by Keefer Sands tore, 29 are from areas underlain 

by Rocky Gap Sandstone or h.i.-Itersvilic Chert,.and 26 'are fro.:. 

nres underlain bv halc. A sumary of 'the ran3c and. 
medi::n values for 23 cle':.c:nts in the soils shows no urr,lfzual 

valuc, for most elements (table 1). The median value of zinc in 
soil iron Peters ',.lountain area i 50 pp:n and for .louatain Lake is 
30 

Only a few soils fro:n. eech litholoic unit Contain 100 ppH 

or more zinc. These sa!,:ples are gene rally from areas rear 
exposures of limonite—eer,:anted P.ocky Cap or Keefer Sandstones. 

A few soil sa71 'les fro::1 areas udcr1aia hr Rocky (:;-)p 
Sandstone or Huntersville Cs r t contain :lore than soil 
derived from the other for,.;ations. The nearby limJnite deposits, 
also tend to have higher barium contents thln unaltered 

SandSl one. 
The high zinc and ha riti71. contents of only a few soil snmolcs 

do nor appear to have any economic si.,!,nifieance. Both elements 

are present in 11omn1 amounts in unweathered parts of these 
formations nearby and were probably concentrated locally durinA 
.the deep weathring which produced the small deposits oi 

limonite. 
Mjncral resources 

;lini-ral resources of the three study flreas Inc] ode bot:i 

met:illic and non—;ret allic materials. lrea arc ti , e 
only identified metallic resources of any imoortance in thL 

re0on; the thre areas contain large ;:u.r..ilar.,';inal resources of 

iron but only ii:signifiennt resour..:es o: nna nt 11me5:toue, 
sili.ca sandstone, shale, dil..,!nsion ston, bulding stony, 

and sand and gr3vel art_ the nonmetallic resources. With the 

exception of the Iii;iestone, they are not co.isidred to be 

important econo;:.Len!ly. Li_mestone and dolomite are currently 

bein produced I - rom large iluarrios and underi.;r.mind workings 

out.I'!: the study areas. 
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and prospects 

Prpe.l_i!': for ir,,n al:7! L.1, • anese ‘,.as 
thc entire reion in the late 19th and c,;rty 20th centufii 

(plate I). Mill Creek area has one si5a1.l abandoned iron mie, 

thy Ch(A.nut Flat t ne, and a sr:Ian, onmoled iien prospect. 'in,• 

ent!re :-tody area was inelw!-J in three Bureau al Land 'Aanagement 

(MT.) B1:-A-n50368, issoed 

n I 961- - - - the s..; I nur-n Is. L 'elopmen-t CorpGra t. ion, Rua no k-e , V. , 
for tni e:-:ploration of iron denosits. Mountain Lake area has a 
Slid ll manganese prospe,-t, the Denison (?), and several unni„71„i 
iron p:-(nects. Peters :tc:.:ntain has one abandoned iron mine, the 
interior :line, and one ;21,011,!0 prospect, the Ail 
these rine and prospect v:orkings have been ovinrown for many 
years. 

Iron resources 
types of sub.narin..•1 iron resources are present in the 

three study areas. ine i.l.)st extensive and most important as a 
resource are he;.7:atitic sand stone beds of the Rose Hill Fornation. 

Of lass i.,Iporton:_e are the Iaan±te deposits or bron ores foun6 
in the Rocky Gap San.lsto;:_r and loclly 
Tonolowav Limestone and cafe r Sandstone. 

liltite deposits 
D:poqits of hematite, an iron oxide mineral (Fe 2 0 3 ), are 

widely distributed in s,Hilr:entary rocks of Silel- ian age fro::2 

central New York to They have been call cc Clinton iron 
ores or Clinton-t:pe ores after typical exposures near Clinton, 
011:1(!a C..intv, N.Y. Those d. posits were minod extensively near 

A. , and to a lesser extent in Georia, Tenness(e, 
and New York. Small aroonts were also mined in Pennsylvania, 
Maryland, Virginia, and West Virginia (Wright and others, l9()6, 
p. 409). 

The hematite in the Clinton-type iron ores generally occurs 
in three forlPs: 1) as flattened flaxeed-like particles, called 
oolites, 2) as replacel.leots of fossil remains that preserve the 
shape of the original calcareous shells, and 3) as cern:rating 
.material coatim:, and filling in around original sand ,,.rains, 
Oolites, and fossils (hi: ht and others, 1965 , p. 407). The 
principl.ores are thus either oolitic or fossil, and some are 
COT-lb inations of the two types. 

ti4e onweath(fred r is hard and calcrcoo.;; the weathered 
ore is soft and Less calearous. Iron content of the hard ore 
ran:y frorl 20 to 4/ ),recni:, and Ca]c 1on carb:-ntrIte content from 
11) I .0 percent. In th(: soft or leached ore, iron content 
ranes from /10 to 60 percent ana calcium carbonate is generallv 
lcss than one percent (';:hitlw, 1962). The ore--grads material is 

CU-1May enclosed in or !, - ad:s into hematitic sandstone or shale. 

Hel;:atitie snndstone ass:wiated with the fossil and oolitic ores 

of Ow i;irmin:*.c9, Ala. , district colt-iins 15 to 30 percent iron 

and less than l;) perCeOt c:11;:itvl call)onale (Cran,., 1926, p. 31). 
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The Clinton-type iron ores and nssociated hematitic 
sandstone aro n primary type of iron deposit. The iron was 
precipitated from sea water and concentrated as the sediments 
wore deposited. In the r,irmiugha.‘t area, the oolitic and fossil 
ores wore probably deposited as lagoonal sediments and the 
hematitic sandstone as a barrier island (Sheldon, 1970, p. 110). 

In the Giles County area, Va., the Rose Hill Formation was also 

probably deposited in a shallow marine environ,..lent (Diecchio, 

103, p. 5/-62). The mineral hematite formed in the sediments 

during compaction and lithification of the rocks. The primary 
deposition of the iron as a component of the sediments is of 
significanee because it suggests 0:1t the iron content of an ore 
bed or hematitic sandstone bed will be fairly consistent 
throughout the bed and will persist to depth. 

Oolitic and fossil ore beds have been found in the Rose Hill 
Formation in Lee and Wise Count is in the far southwestern part 
of Virginia and near Iron Gate and Low Moor in Alloghany County, 
:Mont- 65 km northeast of Giles County (Gooch, 1954, p. 4; Lesure, 

p. 121). These ore beds were never important economically. 
The fossil ore beds near Low Moor and Iron Gate are generally 
less than 0.5 is thick (Harder, 1909, p. 230); ore beds in the 
Birmingham, Ala., district are 2-7 m thick. Grimsley (1909, p. 

260-268) reports Clinton-type ore on Potts, Little or Middle, and 
Peters Mountains in !loll- 3e County, W. Va. 

No oolitic or fossil ore beds were found in the Rose Hill 
Formation in the three study areas, but hematitic sandstones 
S imilar to those associated with the ore beds in Alabama are 
co=on. These sandstones are not of sufficient grade to be 
currently considered he:latitic iron ore; however, they commonly 
contain 15 to 30 percent iron and represent a significant 

identified conditional or submarginal iron resource.1/ 

1/ Identified resources are specific bodies of 

mineral-bearing rock whose existence and location are known. 

They may or may not be evaluated as to extent and grade. 

Conditional resources are that part of the identified resources 
not profitably or technologically minable at present; they may 

eventually become minable when conditions of economics or 
technology are il!et. Submarginal resources are that r,rt of 
conditiGnal re2ourees which would require a subsIantially higher 

price (more tban 1.5 times the price at the time of 

deLerwination) or a major cost-reducing advance in technology 

(Rrobst arid Pratt, 1973, p. 
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Recent exploration 
Drilling perits were grnnted in l'i61 by the Burenu of Land 

Mannement to the Mnernls Development Corporation, Roanoke, Va. , 
to e41 loYe, hv drillin, a deposit believed At tint t. time to 
contnin more than 272 million mtric tons of quarriable hematitic 
sandstone in the use Hill Formation on Pcsris and Wolf Creek 
Mountains. Durilw. the 1—yenr program, 10 holes totaling 348.4 in 
were drilled within the Mill Creek study boundary (Plate 2). 
Drill cores wrc logged by the company and chemical analyses of 
iron :Ind phosphate were made on 62 samples by comrercial assayers 
(table 3). 

The rosulLn were interpreted by the camp: nY to indicate 
essentially two heslatitic sandstone Zones. Any correlation of 
sandntone units lsts,:een drill holes is, however, only approximate 
because of the lack of a good key horizon cut by all holes. On 

the basis of his field illpping in the lin Creek area, Whitman 

(1964, p. 43-46) (1scribes four hcmatitic sandstone zones: the 

lowest is near the hot too of the formation and is about 9 in 

thick; the seccrnd is 27-33 m above the hose of the formation and 

is 2 to 3 in thick; the third is 36-45 in above the base of the 

forrsition and is 12 in thick; and the fourth is near the Lop of 

the formation rind is only 1.2 in thick. Outcrops in the area are 

not continuous enough to permit mappin!,s, of these zones in detail.. 
Our samples come from a zoose near the top, one or more zones 
within the formation and a zone near the bottom. 'Iost probably, 

the hematitic sandstone zones are only approximately correlative 
from area to area. The sandstones ;Are probably overlapping 
Jet ses that represent a shifti.ng back aft), forth of a depositional 
environ,aent in a relatively shallow sc. 

In conjunction with the core drilling, the Minerals 
Developent Corporation mined "two hulk sn,Iples weis4,1hing 9 short 

tons" [8.2 metric tons] from the Rose Hill Foroo on Mercy 
Branch for metallurgical testing. The prospect site was not 

positively identified in field investigations conducted for this 
report. Test results from these samples, together with data 
obtained from the drilling program, were the basis for estimating 
the average iron content of the hematitic sandstone to be between 
22 and 23 percent. Exploration in this area, however, was 
terminated because the to contained a much greater 
proportion of shale waste material than was oriinally expected. 

Thickness and distribution 
inch of the lienlitic snndstone im the Rose Hill Formation 

is In crossbedded units 0.3-2 in thick; the medias, value is 1 in. 

Some lenses are 3-8 in thick, hnt many of the thicker lenses 
contain minor amounts of shale interbeds. One prominent 
sondstone unit drilled by the U.S. Bureau of lines on Butt 

Mountain, 3-8 km west of Mountain Lake, was intersncted in 8 out 

of 9 holes (Fish, 1967, p. 14-15). It ranos in thickness from 

1.5 to 9 meters and u;: to for nenrly 5 lc) alcss; the monntain 

top. Other hemntitsic units are smnlier lenses. Some fairly 

thick beds intersected in one hole are not present in adjaceat 

holes only 1 km away (Fish, 1967, p. 14). 
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Table 3. - Fartal cLcr.ical a%aly.ses of cc72c!,ite 
fromdrill core, Mill Creek area. 

(Data from Minerals Development Corporation, Roanoke, Virginia) 

Sample intervall/ 
Analyses 
(Percent) 

Hole Number (feet) Fe 

T2-la 46.8 57.3 8.6 0.17 
59.7 - 61.8 9.1 .13 
63.8 - 77.7 13.6 .18 
107.6 - 118.7 20.1 .32 
118.7 - 119.2 6.7 .18 
119.2 124.0 17.7 • .38 
124.0 _ 125.6 20.8 .436 
125.6 - 130.7 12.0 .20 
130.7 135.3 15.5 .28 
135.3 - 135.9 16.6 .28 
135.9 - 140.4 23.7 .48 

T2-2a 8.8 - 19.5 10.6 .14 
19.5 - 32.3 13.5 .15 
75.2 - 80.0 23.0 .32 
84.2 - 86.9 21.9 .32 
98.0 - 99.8 32.4 .76 

TS-10a 5.5 - 15.0 28.85 .293 
20.5 37.9 17.51 .095 

T6-12a 

TS-13a 

TS-14a 

4.0 - 14.0 12.57 .079 
14.0 _ 16.5 16.60 .133 
49.7 _ 56.5 24.02 .323 
57.5 - 59.4 20.63 .120 
62.3 - 65.9 27.40 .321 
73.2 _ 77.5 28.53 .461 
83.6 - 83.9 28.88 .842 
125.9 - 127.6 10.80 .124 

5.0 - 11.0 24.48 .108 
13.5 16.9 28.69 .193 
23.1 26.7 24.48 .201 
83.0 - 94.1 18.96 .129 

98.1 - 101.6 10.14 .146 
107.0 - 127.5 13.52 .166 
153.8 - 157.6 20.54 .354 
164.1 - 169.6 15.29 .125 
171.0 - 175.3 26.88 .644 

T6-15a 4.0 
15.4 
20.8 
26.5 
61.1 
67.1 
71.9 
80.1 
82.9 
92.9 

- 10.0 
- 20.5 
- 25.0 

30.0 
- 66.1 
- 67.5 
- 75.2 
- 80.8 
- 85.6 
- 93.8 

8.91 
13.29 
16.70 
15.56 
22.85 
24.15 
24.45 
15.07 
17.51 
27.07 

0.073 
.115 
.139 
.109 
.121 
.135 
.190 
.289 
.312 
1.569 

T6-17a 

T2-18a 

T2-19a 

3.0 - 7.2 11.20 .042 
. 8.5 - 12.5 16.80 .040 
48.0 - 49.5 18.75 .221 
49.5 - 55.3 19.88 .232 
60.0 - 64.5 30.03 .437 
72.5 - 75.9 25.16 .372 

4.0 9.2 10.47 .018 
9.2 - 13.7 10.98 .108 
13.7 - 21.0 8.55 .136 
23.5 - 37.0 8.23 .140 
38.0 - 41.0 15.98 .118 
74.0 - 79.9 15.98 .122 
81.4 - 88.5 15.01 .128 
88.5 - 95.8 16.30 .110 

2.0 10.8 21.78 .085 
10.8 13.9 16.88 .179 
17.0 - 19.9 32.95 .386 

1/ To convert footage to meters, multiply by 0.3048. 
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Chauvin (1957, p. :inn) estimated that about :?./ percent of 
the Rose 11i1.1_ Format ion was hemat i t i sandstone in a well -exposed 
section 46u iito Narrows of the New River. 
Drilling by the ilinerals Development Corporation in the Mill 
Creek area indicates roughly 30 percent of that part of the 
formation drilled in 10 holes was hematitic sandstone. The 
drilling by the U.S. Bureau of Mines on Butt liountain indicates 
between 15 and 45 percent of the formation may be hematitic 
sandstone (Fish, 1967, p. 15). 

Grade 
The wei ,,Olted average of the iron content for 99 m of 

hem.Hitic sandstone from 10 drill holes sampled by Minerals 
Df'lopment Corporation in the Mill Creek area is 17 percent Fe. 
Thc "upper zone" has an average of 6 in of hematitic sandstone 
wlt.h an iron content of 14 percent; the "lower zone" has an 

average of 4.5 m of sandstone with aa iron content of 20.7 
percent. Similarly, a we average of 17.5 percent iron was 
obtained for 75 in of hematitic sandstone in U.S. Bureau of Mines 
d ill core from ButIt :louatain; nine samples of float from the 
sane area have an average content of 18.1 percent iron (Fish, 
1967, p. 10-13). 

We collected 105 samples of hematitic sandstone from 
outcrops and float of the Rose Hill Formation in the three areas 

and one sample from a road cut on U.S. Highway 460 on Gap 

Mountain just east of Giles County (tables 2 and 4). Ninety—six 
seHp1es contain 10 or more percent Fe; 44 contain more than 23 

percent Fe. Sixty—two had detectable phosphorus, but the 
spectrographic method used for analysis of the Geological Survey 
samples may not be sensitive enough for phosphorus determinations 

in rock with a high iron content. Sixty—five of the Geological 
Survey samples represent about 66 m of ferrugthous material in 
outcrop and float and have a we average of 20.5 percent Fe. 
The Bureau of Mines collected 21 samples of thicker sections of 
rock; these represent 145 m of hematitic sandstone with an 

average of 14.1 percent Fe. In addition, 17 character samples of 

I loat collected by the Bureau of Mines averaged 16.3 percent Fe. 
The differences between the reported compositions of the sample 
suites are due in part to sampling and analytical techniques. 

The average specific gravity ot samples tested is 2.94; the 

range in specific gravity is 2.63 to 3.32. 

Resource calculations 

A rough calculation of the submarginal iron resource 

pot.ential in the Olfet.! Ludy af...:2as can he uode based on total 
area of exposed Rose Hill Fomation, total area where the 
formation is covered by as much as 60 in of youner sedimentary 
rocks, and total area whure the formation is covered by 100Y(: than 
60 H of younger sediments (Plate 6). For thickncss, we assume aa 
average of 9 in of lwmatitic sandstone within the 45 to 60 m of 

total lor;0 Hill Formation. Thk is a reasonable figure that 

all()wanc!. for reawal by erw:ion of pari of the formation 

in areas of outcrop. The average thickness of hematitic 

sandstone containing at least 10 percent iron in holes drilled by 
Minerals Development Corporation Ss 9 m, and in the holes drilled 
by the Bureau of Mines OH Butt Mountain is 11 in. 



To determine the reourcen, we multiply the volume in cubic 
meteFs by an avernee specific gravity of 2.f.):1 and get the weight 
of hematitic snndstone in metric tons. By using two average 
grade figures, 15 percent Fe and 20 perct:Alt Fe, we ean obtain a 
reasonable range of iron content. Because s(mie of this iron 
would be lost in mining and beneficiation, these figures are not 
reeovernhle iron hut do represent an estimate of the amount 
available. The total submarginal iron resources potential for 
the three areas is 1,750 million metric tons of hematitic 
sandstone containing 260-350 million metric tons of iron (table 
5). 

Such resource figures seem lnrre, but they are not when 
compnrel wieh U.S. iron—ore reserven of about 17 billion metric 
tons of ore containin;; abnot 3.6 billion metric tons of 
recoveinl,le iron or with the U.S. total resources, including 
reserves of .j hoot 103 billion metric tons of rock containing 
about 27 billion reetric tons of iron (U.S. But. Minos, 1979, p. 
79). Further,,ore, the resources of the three study areas are 
only a fraction of the total oi:L_eine of hematitic sandstone in the 
Rose Hill Formntion throughout its outcrop area in Maryland, West 
Virginia, and Virginia. 

Mill Creek are.--Mill Creek area, lies in a shallow 
syncline; the formations dip gently towards the center of the 
area, and wile outcrop be are formed on dip slopes. 
Large—scnle str poe, or quarrying of the hematitic sandstone 
would require reio,wal of little overburden, but a large nmount of 
lower grade sandstone and shale mixed with the hematitic 
sandstone would have to be moved. A more detailed discussion of 
possible mining and land restoration plans has been made by B. N. 
Cooper (1900). His estimate of "300 to 400 million [short] tons" 
of hemntitic sandstone agrees with our estimates. He was, 
however, more optimistic concerning grade, and gives a range of 
23 to 37 percent Fe (Cooper, 19(0, p. 1). 

The average iron content in 19 ssmdles collected by the 
Geological Survey and representing 21 m of hematitic sandstone is 
21.8 percent Fe. The Bureau of Mines collected eight outcrop 
samples representing 44 in of sandstone and averaging 12 percent 
Fe. Five additional Bureau samples of float averaged 17.6 
percent Fe. 

Mountnin Lake area.--nountain Lale area also contains 
extensive outcrop belts of Rose Hill Formation. Several large 
areas of dip slope on moderately to gently dipping Rose Hill 
Formation form parts of the crest of Salt Pond Mountain. In the 
rest of the area where the Rose Hill dips steeply on Little 
Mountain, Potts Mountain, and Johns Creek Mountain, outcrop bolts 
are narrow. On Potts Mountain, the tormation is cut by several 
thrust faults. 



Table 5.—'-.nary of subnarF.inal iron resources in hematitic 
sandstone of the Rose Hill Formation in the three study 
areas. See text for explarwtion of calculations and 

dicuqsions. Outlines of areas contain resources 
shown on Plate 6. 

Hematitic sandstone Contained Iron 
Millions of Millions of metric tons 

Area Hprtares r,:tric tens 15 percent Fe 20 percent Fe 

Mill Creek 

Rose Hill outcrop 960 250 37 50 
Covered 3-33 m 460 120 18 24 

Subtotal 1420 370 55 74 

"Jountain Lake 

Rose Hill outcrop 1310 350 52 70 
Covered 3-60 m. 1730 470 il 94 
Cov,r,2>60 m 750 200 30 40 

3040 1120 153 204 

Peters :-Iountain 

Rose Hill outcroo 720 190 29 '38 
Covered 3-60 m 6-)0 770 2(.) '11_ 

Subto tal 13?)9 30 55 72 

Total 1730 263 350 



The easterHost hole drilled by the !,urli ol er 
Motin.a a i S oni y "; wys t Sal t , 
7, •,:ones of hewn t it ic sand:,.tones. The flop; r 
thick and contains 15.8 percent Fe; Lhe lower is 9.1 n thick .1,1d 

avera:.;:!s 20.2 percent Fe (Fish, 1967 , p. 13-15). The 2' -) 

Geological Survey samples of hematitic sandstone from Mountain 
Lake ar(.2:1 represent 19.3 m of sandstone and average 21.5 po:- cent 
'Fe." - Six 116-riTau- of outcrop SampIeS -- repreSent 45 of 
sandstone and cmntain an average of 14 percent Fe; six samples of 

float also averae 14 percent Fe. 
Petcrs Mouncnin area. -Peters Mountain area has nearly as 

much potential for heradliLic sandstone as Mill CreLL arca (taalc 
5). A little rore than half of this material is in outcrop belts 
of the Rose Hill; the rest is covered by as much as 60 m of 
younger s,edients. The outcrop belts are wide dip s_1(Tes, but in 
half thc area they are separated by several thrust iaults. Dips 
are generally steeper th;-:n in Mill Creek area and 
complicate mining and recovery. The average iron content of 21 
samples coll., ct,d by thL C. ologi cl Survey and representin, ar 
least 25 m cf he!clatitic sndstone is 18.5 percent Fe, a Ii le 
less than the av-..!rage for the Mill Creek area. The average for 
outcrop ;;;Imple:; collected by the Bureau of Mines is 12.7 percent 

Fe; the average for five float sampl,js is 13.4 percent Fe. 

B;n:ficiation 

Future potential of the hematitic sandsteA.,s depends 

prirarily on the developnt of an econcmieallY feasible 
ben,:ficiation prncess. Benficiation studies COPd',IC("(1 1,y the 
U.S. Bureau of Mines Tus,:aloosa Metallurgy Rese61-ch Center 

(Lamont and others, 1967) on samples from the Butt Mountain area 

show that from material containing between 14.6 and 20.0 percent 

Fe, the best concentrates were obtained by reduction roasting, 

fine gri ad ing, and wet magnetic separation. Magnetic 

concentrates were produced that contained from 49.5 to 56.7 

percent Fe with recoveries from 89.0 to 92.6 percent; the 

product, however, is relatively high in phosphorus, 0.245 to 
0.271 percent P (Lamont and others, 1967, p. 27). 

Similar studies by .the Hanna Mining Coro.pany (196) on 

sar!ples I rou the 1;ig Ridge arca, near Blueficid, W. Va., repnrt. d 
that ,for a btilk sar,-,ple having 19.68 percient 1:e, the 1:ost 

favorAle process involved conversion of the to 

artificial magnet lie, followed by n,a,,,netic sep.itatinn and 

cationic flotation of silica from the concentrate. la two t:;t.q, 

concentrates havinr, 63.45 and 63.67 percent Fe were achieved with 

recoveries of 73.01 and 69.19 percent. Principal contaminants 

were alumina (4.52-5.44 percent Alz 03) and phosphorus (0.267 
percent P). 

In general, both studies suggest that a metric ton of iron 

concentrates ei,n be produced from about 3 metric tons of raw 

maturi,t1. High phosphorus content is a concern, and extrem-_,1y 

fine concentrat.'s produced during beneficiation would require 
some type of agL;lomeration process. 
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deponit. 
The limonite .1.1 deponiln in the 1:n(y Cap SnndnLonn nn t 

underlying Tonnlm,av Limentonn and unner 1:eefer Slndntone 
secondary Or :iltIL`ri,t-11.2 [run deponits. Ail the )evon 
Sandntones in Virninia were otiginnli :,. norrelnt.ed with tn-

Oriskany Sandstone of New York State, and these ii on deposit , 
have long been known as of any or Ori ska ny- ryno i roa ore n. 

They were jorm,!d lonn att cn. the rocks .were_ folded nrn! nnd . 
had assumed thnir present position. Iron-rich nrn.pnl \\inter 
dissolved the ori3inni calcin!n carbonate cement of thy slndntonn 
and shaly limestone and deposited iron ()vi des and Irnironide 
replace:lent for calcium cnrbnntte, as cavity fillinn,n, and 
irregular masses of limonite cemented sandstone. 

1/ Uc. use limonite as a general term for hydrous 
iron onides that probably consist of mixtures of the 
minerals goethite (le203.H20) and hematite (Fe203). 

Toe resultin:T- sod 1. deposits of iron-rich rock are 
restricted to the near-surfnecl n:..irt of the formatioll. This Lyp.:' 

of ore is best dcycloncd in the Clifton Forge iron distrinL, 

about 63 km northeast of Ciles County (Lesure, 1957, p. 80-119). 

There, most of the deposits were mined to depths of 30 to 60 m; 
the deepest mine reached 275 in. 

Tie deposits exposed in Giles County seem neither larne 
enough nor rich enough to justify further cork. The raterinl in 
very sandy and prob:ibly erratic in dintrIbution. in Giln 
County, the Lower Devoninn section does not con L. the thiei, 

sandy limcnt.one . that is the host: rock for largo dnposits in the 

Clifton Forge district. Al though the Tunoioway Limestone may be 
replaced in part with iron to form large!' iron-rich zones thnn 
could be foond in the Rocky Gap Sandstone alone, the Tono:t ,)way is 
generally shaly and would not he expected to provide the 
permenbility on weathering that the sandy lirlestone provided in 
the Loaer Devonian section of the Clifton Forge district, in 
sumxary, the supergcno iron c1 eponits of the Rocky Gnn Sands Lone 
in the three stwly areas are small, low grade, and siliceous. 

There is no reason to asnume continuity at depth or along strike; 
the total resource in probably small. 

V1111 limonite deposits have been ml an.! at tv:o 

the ClIestnut Flat Mine in the Mill Cleek study ai7na and the 
Interio' iinn in the Peters nountain study nrea. The :lountain 
Lake aren contains a few small prosp.nets alonn t:he slopes 
Johns Crock Valley. 

Mill Creek Area 
ChefA_nut Flat Mine 

Two minsive exponuten of irou-benrinn Rocky Gap Sandstone 
are on Wolt Creek Iinnntain and the droina.;e divide sepnrating 
ho; n.• . and :Lill. Cr.. (fin,. 13). The two exposure:„ less thno 

Figure -friTe-a-i• - here. 
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600 m apart, repnt 1iirb,1 of a 
ore consist s.H-1,1tone 
filliny caviti DeveloplInt has boon by opencut m,!thods. 
(1681, p. 144) reters to the area as "the ore bans from which 
the John's IlDnntain Furnace, near Newport, derives its ore::", and 
estimated that the site would yield 272,000 mot:ric tons of 
material analyzing 62.7 percent Fe. No additional infor!,ation 
concerning- i.a.i has be.el found; to-U:41 production_ is unknown. 

In the southern part of the mine area, mineralized sandstone 
is exposed in several outcops surrounding a knoll at elevation 

1,085 m. A lari.!e opencut and two smaller trenches were m?Ide, 
revealin',,, several discontinuous mineraliz('d zones (fig. 14). Toe 
most contin,v)us zone is at the top of the cut and consists. of 

Figure 14 near here. 

1-2 m of hard, dense, reddish-brown sandstone that has a limonite 
cer-nt surrow,ding coarse quartz grains. The other mineralized 
zones are di.-.eentinuous lens-shaped masses of sirAlr rock 
separated hy unTineralized crossbedded .0.§andstone. Porous 
goelhite and Lite veins and fracture fillings, see sevezal 
centimeters thick, cut these mineralized lenses and the 
interlayered u=ineralized sandstone-. These vc!ins fill cracks 
fo;- ,.ed by collapse of sands Lone dun rig weatherinF, and re;:loval of 
the original calcite ce.;:.:nt (figure 15). Evidence of such 

Fi(.ure 15 near here. 

collpso is seen where ,,--.11,;ular msscs of sandstone are se;,7.rat.ed 

by porous limonite cavity fillings. Stalactites and stalh;;mitr.s 

of limonite in the vein fi lungs are essentially vertical; the 

iron minerals formed in placa after final deforf,lation of the host 

rock. Some of the limonite (goerhite and hematite) veins are 
parallel to the long direction of the cut. The concentration of 
veins appears to decrease away from the cut, suggesting a 

localization of vein formation, probably in an area of solution 
. collapse. 

Sample VC-604 (Table 4) taken from a 20-cm veiu in the 
large cut assays 54.9 percont Fe, and sample VC-602, (Table 4) 
from the 1-to-2.4 in upper zone, or "cap rock" of mineralized 

sand.tone contains 23.2 p.:s.rcent Fe. A middle zow:' ne-irly 1.5 m 

thick probaN! contains between 25 and 2 percent iron but 

appears to pinch out within 10 m along strike. Samples V:If..; 100, 

300, and 4U0 are from the "cap rock" or limonite veinc. in the 

same, workings rn,(1 contain similr ai:!.)nnLs of iron (table. 2). 

Sample VMC-603 (Table 4) was taken vertically from the top of the 

middle minentliz2d zone thiou0 the bottom of the underlying 

non-mineralized sandstone, a distance of 3.4 m, :fnd shows an iron 

content of 13.1 porcont, probably a more realistic e:Aiwate of 

iron content. 
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Figure 14. View of the northwest wall of the 

southern cut of the Chestnut Flat workings 
showing limonite cemented "cap" rock 
overlying friable crossbedded sandstone 
with stringers and veins of limonite. 
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Figure 15. Close—up of the base of the 
northwest wall of the southern cut 
showing collapsed block of sandstone (c), 
vuggy limonite cavity filling (f), and 
vertical stalagmites of limonite (v). 
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In the us hem part. or the Cnce,:tent Flet workin-
expo:.eres of the loeky Gap Sandstone al o More extcneive, cropp,e.. 
out over a distance of neerly 300 in alen;; the ridge crest and 
continuing less conspicuously 800 .1. furLher northeast. both 
mineralized and barren sandstones are present, but, except foy 
the "Ci:p rock," the mineralized rock here displays no definite 
strat;iraphic division. Four major workings cross he exposure:, 
each h'ecoming prce„;reesively smaller as the aGiount of iron 

- decrenso northeastward nloiv strike; The - largest openeut (fig.. 
16), on the southwestern edge of the outcrop, exposes a 12 m 

Figure 16 near here. 

thi ckios of mineralized rock similar to that of the soutleeen 
work ins. Limonite veinwork is, however, more extensive, Z.1;! 

some veins are neerlv parallel to the long direction of the cut. 
Iron ent•ent over the entire section is 25.6 percent as indicated 
by scr"ele VMC-603 (Table 4), but because of the discontinnoes 
nature of the veins a tioly representative sample is hard 'to 
obtain. A ccr-vi.t,' serlple of the vein mlterial (VYC-609, Table 
4) contains 33.9 percent Fe. Samples VI-It 001 and 002 have 
compaeble amounts of iron (table 2). 

Ti the next cut to the cast, two samples were Laken near te 
center of the west wall. The upper saple (VC 63) represeets 
abonL 2 m of lirmi tc sandatone and contains 17 percent Fe; the 
lower sample (V1C-640, Table 4) also represents 2 a cf limonitic 
saielsteee and contains percent Fe. These samples ale, 

probalely cprat of the ,:,aterial in place aYey frol; the 
concentration of small veins seen in the western cut. 

At sample locality VMC-612 (plate 2), the iron-bearing 
sandstone, or "cap rock," is 2.6 m thick at outcrop and contain..-, 
17.1 percent Fe (Table 4). Sae,ple VMC-119 (table 2) from nearl:y 
contains mare than 23 percent iron. The exposure is poor and tiA. 

thickness may not represent that of the entire mineralized zone. 
This locality my mark a northeastern extension of the ma in 
mineralized body, thus indicating a possible strike length of 

, 1200 in. Without additional data, however, it is difficult to 
deteri.line actual lir!its of the deposit or to surmise the degree 
of continuity of thickness eed grade. 

At the Chestnut Flat Mine, two outcrop arras of iron-beeri:)e, 
sandst"one have a 12.2 m section locally containing 25 perceet. 
iron. However, where sampled the sandstone contains abuie.jeet.-
veinleLs and cavity fillings of limonite, which appear to 
decrease in numl,er and voluilie away from the cuts. The ayeree 
amount of limonitic sandstone is prol,ably no mere than 2-4 m 
thick. This iron-bearing sandstone can be projected down-dip for 
no mare than 15 ra and along strike for about 250 m at the 
southeat prt and 600 in at the north part of the mine area. The 

aoonut of suharinal. resource represented in this mass of rock 
is about 100,000 motric ton,; of limonitic sandstouc containinr, 
15,000 to 20,000 wtric tons of iron. 
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Figure 16. View looking south through the westernmost 
cut in ferruginous Rocky Gap Sandstone at the north 
edge of the Chestnut Flat workings. Area partly 
graded and seeded by the Forest Service. 
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elevntion of :):)4 m in the area betwnnn ii Creel'. and NCYC:,' 

(::;nr:ple Locality V1.12,-u26, plate 2). 'Inn pit trends W. 

select grab sinwle of materinl from the dnmp cont ins 47.2 percer 

Fe (Table 4). Iron oxide occurs as s.q...111 veinlets in both hrnvn 

clay and light-colored sandstone, material that was not iounn 

beyond the imi:ediate area oi the pit. 

Peters nountain Area 

Interior Mine 

iron ore has be;: mined about 0. Inn northYnst of into nor on 

the south a , of Peters !:-)nntail 1907, p. 468), !I, 

strata dip in-Nnon 20 and 40 de;rees to thi_ southeast. and -,or:,in-s 

(fig. 17) the dip of tne slope in a north-south Cirectinn. 

Figure 1/ neac here. 

A network of old roacs and railbeds are discernible leading fro-:.. a 

prohnl:le wash1n and 1onjin,7, point on ',hnt was once a spur of the 

abLninvd Potts Vz:lit:y branch of the Norfolk and Western 1:Hivn_y 

near the base of the hill. The mine is believed to have opernl:H 

in the early 1900's but no known records of past activity are 
available. 

The mined area cont -cis four oponcnts, with several s1,1%11-r 

trench,: and m..7..21ous Le:st pits, in lii.l.nitc-cen2nted 

near thn con ct of the Tonoloway LiTestonn and the cn 
and over?rowth ce-ncenl the ere zon:-., but 

froc, rock debris ‘.ithin the e\cnvntion, the ore pr.o,1!)!y 

consisted of snndy magscs and thin strinr,ecs of .,;oc.thite in bot.L 

clay and frinhle sandstone. A non-rlineralized sandstone sever.-. 1 

feet thick is poorly exposed in the large cuts and presmnal:iy 

represeats the hangin wall. Assumirr,,, this to be true, tl:e 

material mined could have nveraged between 2.4 and 6 m thick (tin7-

verticll distance between the hanging wall and the floor of the 

cut:). lhich of tne mined rock was discarded in large dumps, and 

how much ore was actually shipped froll the site is not knowa. 

From what can be presnntly seen and inferred, the ore its]f: 

appears 10 have been richer near the ridge crest, thickest in the 

'area ot ' the two larer c uts, and pro.:ressively sandier aril 1;:r 
in r,r--0- toyrir the: lo.,n.inAnst The ore horizon is 

generally a thin surface covering, absent in places. Tninkent 

ores have been e%hausted and no develo::.ent potential r€ mains. 
Morntain 1,7,ke Area 

In the Moun!ain Lake area, iron r.sources of the limunitic 

type are only hypothetical. Rocky Gap Sandstone crops out 

sporadically nlon the sonthe;Ist slopes of Salt Pond and Potts 

Mountain, northwest of John:- Creek, sugF,esting a nearly continuous 

be of potnntially uiinriAHed rock st.verat kiloiA.tor6 in 

No oromr.1,1,. L.:tcii1 is (.xpt,nod in th,. pro.,p•scl pits 

examined. Further exploration by test pitting or drilling wnuld 

be necessary to eslabli.;h the existence ot an ore-bearini'. :'.one in 

tin: area. The smnll size of the limonite-type deposints in the 
gene)nl area ale a deterrent to turt_hyr exploralio. 
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Smell deposits of low-grnde mengnnese ore have been in in 
this part of Virginia and West Virginia (Stone and Miser, 1922; 
Lndd and Stend, 1944; and Reeves, 1942). The deposits are. 
limited in depth as well as in ;ilea. They consist of mangnnese 
oxides in fracture fillins, as cement in sandstone, as nodules in 
residual sand and clay, and as thin black films on weathered rock. 
Those deposits in Lower Devonian sandstones have been called 
Oriskany-type and are related in part to the limonitic iron 
deposits. The total airount of mangenese present at any one. 
locntity that we examined is far too small to warrant economic 
consideration. Anaiyses (tables 2 and 4) show manganese, in 
CF.:onnN; generally l a ss than 1 percent, associated with iron-rich 
rock. Concentrations are so low that the low-grade iron ore could 
not be utilized for qInriganese. Only eight samples containing more 
than I percent :In were collected in the three study areas (tables 
2 and 5). Five of these are from the Tuscarora, two from the 
Keefer and one from the Rocky Gap. The greatest manganese 
mineralization encountered is at the Denison (?) prospect, but 

neither thicknesn nor grnde of mineralized rock compares favorably 
with those of the °thee abandoned manganese mines visited outside 
the study area. 

Our reconnaissance studies do not indicate the presence of 
significant mnrienese resources in the three study areas. The 
ininor deposits nlendy known are siliceous and low grade. The 
chances of fining larger or higher grade deposits are poor. 

Peters nountain Area 
Simpkins Pros2ect (?) 

A manganese prospect 4 km west-northwest of Interior on the 

southeast: slope of Peters Mountain was reported by Stose and Miser 

(192U, p. 124). Openings were made in 1917 in a buff-colored, 
much fractured sandstone thought to be of Oriskany age [Pocky Cap 
Sandstone] near the crest of a spur at elevation 853 m. Manganese 
oxide was reported in small quantities filling cracks between 
sandstone fragments and replacing part of the sandstone. Also 
described is a shaft 6.7 in deep, elevation 902 m, sunk at the 

contact of a fractured sandstone, dipping 60 degrees east, with 
purple and underlying white laminated clay reported as residual 
from the weathering of limestone. Psilovielane in sil2all quantities 

is said to have occurred nenr this contact in both the sand and 

clay. 

Workine,n si'ailnr to those described are on a sTnli spur just 

west of Pine Swamp Branch (Plate 3). A caved circular pit about 3 

in ia diameter and 2 in deep at an elevation of 860 m may be the 

shaft reported by Stose and Miser. Two small prospect pits in the 

same stratigraphic horizon are 20 m northeast: and southwest, down 
slope. Manganese oxides stain tie sandstone bedrock and locally 

cement and tepince sand grains. Much of the minernlized rock is 

low gyade. A sample (VPA Table 4) of nodular, 

sand Lone cont.:ins 11.1 percent Mn and 1.4 

percent Fe. The sands tone is probnbly in the upper part of the 

Keefer Sandstone and not in the Rocky Gap Sandstone as described 

previously. No other workings were found nnd this locality is 

P robably the Siivkins prospect. 
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Mountnin LnLe Area 
Denison (?) prospect 

Three prospect pits were fonnd on the crest of Johns Creek 
Monntnin, elevntion 1,106 m, near the nonthernmost study boundnry. 
Thene mly be the Denison prospect described by Stose and Miser 
(1 )22, p. 123). Prospecting activities were centered on a 
mangnnese-boaring buff-colored sandstone and brown clay-like unit 
of. the Tuscarora Quarti.ite. Two of the pits, one 6.1 x 3.4 x 1.2 
in and the other 3.6 x 1.8 x 1.2 in, occur 18.3 m apart :-:1() 
S trike. Both trend about N. 250 W. and internect a mineralized 
zone less than 0.6 m thick. Although a select grab sample 
(V;-11,-635, Table 4) collected from mnterial lying on the floor of 
one of the pits contains 26.1 percent Mn, a second sample 
(V1k-636, Tnble 4) taken from a poorly exposed trace of the 
mineralized unit midway between the two pits has a manganese 
content of 1.5 percent. Float material from this unit is found 
for a distance of about 60 in along the ri4e crest. A third pit 
6.7 x 3.4 x 1.2 m, trending N. 30° V;., is about 90 m southwest of 
the two prospects. Snr.'ndles VML 147 and 148 from this pit contain 
5 to 7 percent Mn nnd nno,nnlous a,lounts of cobalt and nickel 
(tnble 2). Probnhly less than a metric ton of siliceous manganese 
nodules and F!nngnnesc-cemented sandstone is in the area of the 

Is. 
Miscellaneous pi:ospects 

An excavation in the Keefer Sands tone was found on the crest 
of Potts Mountain approximately 2.7 km by jeep trail southwest of 
State Route 636. A 3.6 x 1.2 x 0.9 m trench ex.tends southward off 
an out and exposes a mineralized zone 0.5 m thick. Man3nnese 
oxide occurs as a surface coating or scale less than 3 PM thick, 
but little mineralization is discerni.ble in the rock itself. 
Sample VML-606, taken across the unit, shows 8.2 percent Fe and 
910 parts per million Nn (table 4). 

Two test trenches, one in the Keefer Sandstone and one near 
the bnse of the Rocky Gnp Sandstone, are on the southeast slope of 
Salt Pond Mountain adjacent to the Appalachian Trail aL elevations 

853 and 823 in, respectively. A piece of float material--white 

Keefer Sandstone showing signs of manganese replacement--was found 
on the trait; it probably represents the material prospected for 

in the upper trench. Sample VML, 425 (tnbt 2) from nearby 
contains 4.9 percent Mn, but no mineralized material was found in 

the trench. No sinificantly mineralized rock was in the lower 
trench; nenrhy out sn:,!ples (V>11, 623, 624, Tnble 4) of Rocky 
Cop Sandstone contain only 13.2 and 8.4 percent Fe, respectively. 
Both samples show a Mn content oL 190 parts per million. However, 
sample VML 426, from the same general area, contains 16 percent Mn 
(Table 4). The cn:istence of the trenches and a number of similar 
prospect pits along the Pocky Cnp outcrop trace, northeast of the 
Appntnchinn Trail end not car to Negro Branch, sugnests that_ a more 
thnn cursory eKploration effort has been made in this 
strntigraphic intervnl (Plate 4). These pits reveal similnr 
mineralized rock hut are not discussed individually. No 
significant amounts of either iron or mnngnneno are present. 
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Na iig;i St N i u i Activity in Nearby Arens 

There fl re nn.11,.rous 1:1lni,;11 mines and prospects in or nenr 

the study areaS (Pinto 1) and severn1 of these, including the 

Williams Mino, the Chevy Mine, the Staiwe Nino, and the Cusler (or 

H. M. Reynolds) Mine, were visited during field investigations. 

All of these mines produced clennese, and all hut: the Gusher 

mine, which is a fault-related residual deposit in Lower Pale0;:oic 

carbonates, are Oriskany-type deposits in Lower Devonian 

sandstone. 

Williams Mine 

The Willia!:is Mine is in Monroe Conely, W. Va., on the eae,t 

end of Fork Mountain, elevatin 3 in, 2,560 m N. 85° W. from the 

post oftice at Waiteville, Va. (no. 57, Plate 1). Inc mine was 

opened in Noveer 1941 (Reeves, 1942, p. 27). By 1950, over 140 

metric tons of cone:etrate had been produced and shipped from an 

open (ut (linceau or. Mines TvL:r Minerals file). The ore occurs in a 

1.5 m clay bel v!;lich is almost certainly Tonoloway residuum. A 

sample of ore collected fro1 the surfz;ce of the clay during field 

examination analy%cd 27.1 pelcent Mn and 3.4 percent Fe. 
Chevy Mine 

The Chevy Mine is on a smnll spur on the southeastern slope 

of Sinking Cree Mountain at an elevation of 582 m (no. 72, Plate 

1). The mine is in Craig County, Va., and is 2,440 m N. 290 E. 

from the benchi:.ark at Webbs Mill. Mining began in the fall of 

1916 and by 191'.2 the mine fled been abandoned, having produced 
aboot 544 metric tons of mananese ore (Stose and Miser, 1922, pp. 

115-117, and Bureau of Mines Statistical Data—Manganese, 1916 

throi0) 1919). Psilomelaeo, the principed manganese mineral, 
replaces sandstone and fills joints and fissures in rock observed 
on the mine dumps. Some psilomelane is found in trenches further 

uphill, but goethite predoinates. Two samples collected from the 
abandoned workings during field investigations contained 31.4 and 
29.4 percent Mn and 13.6 and 6.0 percent Fe. 

Stange Mine 

The Stange Mine is in Bland County, Va., near the Bland-Giles 
County line on the crest of Flat Top Mountain, elevation about 915 
in (no. 13, Plate 1). It is 2,680 in N. 39-1/2 degrees E. of the 

intersection of state roads 606 and 629 at Holly Brook. Except 
for two periods when the mine was idle (1920-23 and 1944-51), 
production was continuous froia 1917 until 1959, the year Federal 
stoeftpilin of malv,anese ceased. Gumnlitive production is over 
45,000 metric tons of manyanese ore, with high-grade ore (more. 
than 35 perccnt. Mn) shipments averaging about 44 percent Mn 
(Bureau of Nines statistical files, 1916 through 1959). Manganese 
oxides occur along bedding planes, fill joints and fractures, and, 
rarely, replace sandstone. A grab sample collected (rom the dump 

at the northern cut during our examination contains 29.4 percent 
Mn and 6.0 percent Fe. The :Anne Mine is described by Stose and 
Mis er- (1922, pp. 134-142) and by Ladd and Stead (1944, pp. 
221-227). investigations by the Bureau ol Nines in early 1941 are 
described by Moon (1950). 
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Gualar Mine 
The Guslcr Mine is in Ciles County, Va., on the southeastern 

slope of Clover Hollow Mountain at an elevation of 700 m (no. 49, 
Plate 1). It is 3,600 in N. 41-1/2 degrees E. of the benchmark at 
Newport and is easily visible from the main road, State Route 42. 
During a 4-year period of Federal stockpiling (1956-59), J. Gordon 
Gusler produced over 8,163 met:ric tons of manganese ore (Bureau of 
mines statistical files) froo an open cut about 90 x 60 x 18r;1: 
Ore shipments (high-rgade) averaed 4g 5 percent mnganese.a m 7 
11. N. Reynolds, the owner, stated that Cusler trucked the ore to 
Holly Brook in Bland County far washing. Development has been in 
a thick clay mantle formed by weathering cherty Knox carbonates. 
Man,:aneae oxides occur both as the eartny mixture known as "wad", 
and feLemented masses of chcrt breccia. A sample collected during 
our visit contains 26,4 percent :.111 and 0.65 percent Fe. Some 

replaceaent of chert is also evident. Apparently, faulting has 

provided both an avenue for ore solutions and conditions favorable 
to daep weathering. Sialilar situations exist at the Carrie and 
Laing prospects described by Stose and Miser (1922, pp. 119-122). 

Nonmetallic resources 

floni- the three study:letallic resources in the region around 
areas include large deposits of dolomite and high-calcium 
limestone and potential sources of hitb-silica sandstone. Traces 

of •phosphate in several forylations are too low grade to be 

considered resources at present. Construction materials are 

abundant. Rock for crushed stone, limestone for cement, and shale 
for brick are abundant. Sandstone and limestone have been used 
for various types of building and dimension stone. Sand and 

gravel are limited to small deposits along some of the major 
streams; the largest deposits are in areas of colluvium and 

alluvium in Johns Crock valley. Of these materials, only dolomite 

and limestone are currently mined. Both are used for crushed 

rock, and the better quality limestone is used for high-calcium 

lime products. 

Transportation costs limit the extent of the market area of 
most nonmetallic and construction materials. The three study 

areas contain no nonmetallic or construction materials that are 
not as abundant, more readily available, and closer to 
transportation facilities outside their boundaries. 

Limestone and dolomite 

Limestone and dolomite are curr,:nt1y produced by three 

comp:,nies and hydrated lime by two col::p:Inieq near Kimballton and 

Ripplorend between Mill Greek and Peters Mountain study areas 
(Pla)e 1). The limestone and dolomite for crushed rock come from 

various formations of Lower 111 d Middle Ordovician age. The 

hydrated limo is mostly fror thr. Five Oaks limestone member of the 

Cliffield Formation of Cooper and Plcuty (1943, p. 863; Cooper, 
194/4, p. 22-28), which is of Middle Ordovician age. 

The Five Oaks is a fine-grained, light-gray rock that has, 
according to analyses frol:i different coopanies, an a'icrav 
Composition in percent of: 

CaCO3 MFJ:03 Si 0, Al2.03 Fe2 O3 Mac 
98 0.5 0.5 0.8 0.1 0.1 



.11te rock ianges in thicknes lro,; / to 20 m and can be mined 

by undergiound method.; wIlere the di:) is 196L4 , p. 

406). lhe unit does not_ Cf0p Our cloer than a kilometer to any 

of the study areas and in covered 11:), 1;n)re. than /50 m of younger 

rock within the study areas. I. L is not likely to be considered a 

good taret for exploration. 

The only limestone within the areas is in the Martinsburg 

FocilaHon of Uppc Ordovician i,ge and tl,e Tonoloay Limestone of 

Upper Silurian (t!)1.0 6) of throe sa:vles of 

linestone from the and one lcoto the lonoloway indicate 

impure, siliceous limestones that have little value except as 

crushed rock. 

Silica Sandstoin.: 

The rids in Cilas and surrounding counties are foimod 

by bold outcrops at. Tusenroia Quartzite and Reefer 

SandH:on.!. fOC.S hs ,‘ jeen uned inrally for diTension stone 

air] cvshed lock and proh:-i'ily are a potential resource of 

ira send tone. Se;likinantitativ spectozr:iphic analyses 

fel 72 saplcs of Tuscarora .and lu sa!!)ples of Keefer show that 
1: -):-. ts of 1;Iys,, two iornitions contail only !ninor amounts of 

most i.ripurities (table 2). Twelve sn,nples or cheuically 
(table 7) contain too many il7yurities m.2et specification for 
bete]: qualiLy glass sand without bendiciation. All would be 

howevrr, for silica refractory brick (Carter, 1968, p. 
3'37-330, 

Lowry (195!.,, p. 15-21) describes areas of residual sands 
formd by dccv and prolonged weathering of these sandstone 
forl.'.atiens in neArby areas of Virginia. Similar deposits were not 
seen in our reconnnisance work, but several areas of low-dipping 
Tuscaro -ra and Keeler on Salt Pond and Potts Fountains in the 
Mountain Lake area offer the best conditions for the formation of 
such residual sands. 

Samples of }:ecky Gap Sandstone from exposures in the study 
areas generally contain too much iron for use as a high-silica 
resource. Sections of this formation in other areas where it has 
weathered but not been cemented with iron minerals are good 
sources of silica sand. Such exposures of Lower Devonian 
sandstone similar in lithology to the Rocky Cap are mined in 
Virginia near New Castle, Craig Co.; Gore, Frederick Co.; and 
Goshen, Rorkhridge Co. (Carter, 1963, p. 342). 

In summary, the Silurian age sandstones are a high-silica 
rcsoucL- c Du at present outile the study areas in localities 
more readily accessibl( , in some of which they form residual 
deposits more readily minable. The Devoni:in ae sandstone 
contains too much secondary iron in surface exposures to be 
considered a silica resource. None of the;; sandstones is 
considered to be economically important in the study areas. 

Phonphato 
Traces of pho!TH-to 11:ivo 1).5cn fotind in the Martinsburg 
Ii on (Butts, 1940, p. 208; Woodward, 1951, p. 368), and 

phosphorus is a minor constituent in the iron-rich sandstones of 
the Rose Hill Formation and the Rocky Gap Sandstone (table 2). In 
the roadeut. on U.S. 460 Nortn along the Narrows, two brown sandy 
Ii mestone units 2.7 and 4.9 in thick near the Lop of the 
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T&b1 9. - Partial che=ical analyses of limestone sa=21es fro= the Xill Creek, 
Peters Xountain, and Xountsin Lake Study Areas 

n.:17.*:tr I A1,0, 

; 
(-erc-nt 

4 92::5 r=ation Nar.:e 

Creok Ar': 

9.7 9.86 46.3 0.82 2.8 1.50 0.57 0.50 0.787 0.058' 0.49 0.0018 Xirtir.sbur&-

Petero Yo•untrlin 

ypx-63.1 
625 

2.5 

22.2 

34.0 
21.6 

24.8 
89.5 

1.3 
1.4 

9.1 
2.1 

4.C7 
1.26 

2.01 
.65 

.78 

.098 
.052 
.043 

.01.9 

.045 
1.1 
.35 

.0028 

.00041 
Xirti.nsbrt; F=. 
T07,010: Ls. 

32.2 25.6 1.3 9.26 i..27 

,trea 

2.10 .93 .18 .029 .0.031 F. 

Sa;:ples are ta'ser. every I 507: throuzh the interval rotcd. 
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 Martinabor Formation contaia phosphatic fossils and pebbles aboei. 
5 mill io diameter. X-ray fluoueacenee eee;yaea by U.S. bureau of 
Minos, Reno Metallurgy Research Center, keno, Nev., indicate a 
phosphorus (P) content of 0.1/ percent for VNL 637 (2.7 m) 
and 0.23 percent for sample VNL 638 ( 'm.0 m). The phosphorous is 
in the mineral apatite, as determioed fr(ei, x-ray methods by P.L. 
Loferski, U.S.C.S. A buff-olive sandstone in the SAla,2 general 
horizon of the Martinsburg Fori„lation Ilene the west -central corner 

of the Mountain Lake area (locality VMJ, 619, Plate 4) was sampled 
over an interval of 6 m and found to contain 0.54 percent P. Me 
phosphate (1'205) content of those samples rae:es from 0.39 to 1.24 

percent, moch too low for fertilizer raw material. 

The P.)05 contents of hematitic sandatone ia the Rose Hill . 
Formatioo and lialeuite-cemented saedateee of the Rocky Cap 

Sandstone ere sinilar, and the rocks of no value as a source of 
phosphorus (tables 2 and 4). 

Shale 
Mineral surveys conducted by the Commonwealth of Virginia, 

Department of Natural Resources (Calver and others, 1964, p. 
l26-134; Johnson and others, 1965, p. 32-40), showed that Devonian 

shales in the Craig-Giles Couoties atea have potential use as 

lightweight aggregate and possibly in the manufacture of brick. 
Shales of Devonian age within the Mountei_n Lake area were sampled 
at three localities (table 8). Preliminary tests and property 

determinations by the U.S. Bureau of Mines, Tuscaloosa Metallurgy 
Research Center, Tuscaloosa, Ala., suest that shales of the 

Millboro and Brallier Formations, which occur along the 

southeastern bouedaiy of Mountain Lake study area, would be 

suitable for brick manufacture. Better exposures and lalger 

deposits exist in Johns Creek valley northeast of the study area. 

Dimension stone 

Thick-bedded sandstones from the Tuscarora Quartzite aod 

Keefer Sandstone have been used for building stone in parts of 

western Virginia and eastern West Virginia. Both formations are 
generally tightly cemented by silica, making the rock difficult to 

work. It is suitable for rough building stone (Arkle and Hunter, 

1957, p. 26). The thinner bedded sandstones of the Juniata and 
Rose Hill Formations can be worked with mechanical trimmers and 

are, therefore, better suited for dimension stone. These 

formations have had little USO for this rorpoee in the past. 
ComiAercial marble deposits in 6 -lies County have been 

described by Mathewa (1934). The oecurrencea ace in limestone and 
dolomite of Cambrian and Ordovician ae. None are exposed within 

the study areas, and the best prospecting sites located near the 

Mill Creek study area are at the baae of Pearls and Wolf Greek 

Mountains, where a 6 m "marbie" member of the Ordovician Moccasin 

Limeatone crops oot at several places on the hillside (Whitman, 

1964). The exposed rock appeers fractured, and it is not known 

whether blocks laree en000n to be cot calf 1-,e obtained. Similar 

rook if present in the study area is probably buried by nearly 
1000 m of you formations. 
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Fossil Fuels 
Of the three comwon fossil Inels--conl, oil, and natural 

nnturnl gas is a potential resource in the vicinity ol 
the three stndy nreas. The rocks of the sted) ar-as nre older 
than the olde.-,t con] beds kn: ,.:n in eithnr Viiginia or 
Virginia. They have been subjected to heat ind pressure greater 
than the conditions permitting the pre,,ervaLion of oil. Natural 
gas, however, can exist under the conditions to vhich the rocks 
have been subjected. 

Oil and gas potentinl 

Ev 

William J. Ferry, Jr. 

Althouli no oil and nnturn1 gns have b.:n discovered to date 

in commercial quantities in Crnig and Giles Counties, Va., or 

Monroe County, W. prelin:inary work en conodont 11 color . 
alteration as an index to organic r.ltnmorphisn-.1 indicates that 

1/ Conodonts are tooth-like microfossils tinz,t change color as 

rock tenperatures increase due to depth and length of time of 
burial . The sane increase in rock temperatnies also determines 
the yrnneration of oil and natural gas. 
these counties are natural gas prospective in Mississippian and 
older rocks (Epstein and others, .177). lorth of the furricnne 
Ridge syncline Non-1, the G.L. Cabot (no. 123) - N. S. Twohig deep 
well drilled on the Abbs Valley nnticlinc in northern Monroe 
County (Plate 1) encountered nuirnus "shn.is" of natural gas in 
Devonian rocks. The well, drilled to a totn1 o O 
had an initial open E .1n7 of n2 ncF cuhic f efe.02g from 
Middle Devonian chert at a depth of 1,9b9 D. 11,n:ever, this was 
not considered a co:,:viercial discovery. Other wells (Plate 1) 
north of the Hurricane Ridge syncline having "shows" of gas in 
Mississippian and Devonian rocks include her-1 near Bluefield in 
Mercer County, W. Va., and Sum-1 in Suwmers County, W. Va. 

The nearest known oil and gas exploration to the three study 
areas is a stratigraphic and structural test well drilled in 1943 
near Bane about: 6.5 km south-southeast of the Mill Creek area 
(Plate 1). This well, the California Company - F.L. Strader No. 
1, penetrated 440 m before being abandoned (Huddle, Jacobson, and 
Williamson, 1956, p. 531) without hydrocarbon shows. The well 
starts in Lower Cambrian Rome Shale on the crest of the Bane 
anticline. Cooper (1964, p. 97) correlated Lhe rock cut in the 
lower part of the hole with the Shni Enrly Cabrinn 
age, thus discouragin any furthnr explorntion for oil and gas 
because of the thinnens of the stratii,,rnphic section. A 
reinterpretation of the strntigraphy in this well based on a study 
of the conodonts in the drill cuutin?s (Peiry and others, in 
preparntion) shows that. younger doloilites ot the Knox Group of 
hate Cambrian-Farly Ordovicinn age nre older Rowe Shale. 
A nnior thrnst fault is pronent, th-reforn, in the test well. 
This in and other inforontion wns used in drawing a 
cross-section:0 model of Giles County, Va., to test the 
consequences of the revised strntigrnphy on the evaluation of gas 
potential. 
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The cro:,s-sectional model (PlnLe 1, AA') nhows 

structurnlly propective Inc at gas within Giles Cout'''; 

in the interred Silurian and Devonian racks beneath the St. 

Cinirnarnown lault under the nor Lk nod south Unnks of the bane 

nnt inline. Ine northern of the two prospective areas lies 

sonchoast of the >i 11 Cruei C ilderness Study Area. 

Rnekn or DovJnicn age ia the snhnurface at the southenntern edge 

of the ill Creek area are inferrejn-not positivoiy identified--

nnd if pre:'ent won In be in n ntrneturnlly low portion of the 

inferred tectonic slicn below the it. Clair-Nniros fault (Perry, 
1977). Mernfore, prospects appnnr to be poor directly I'' low the 
liii Creel: niea, althouh excellnnt jin,r to the south. 

An anticline is outlined by the outcrop area of the 
Martinsburg Lorn.;aticn in the northeastern part of the Mountain 
Lne Wilderness Study Area in eastern Giles and western Craig 
Counties, Va. (Plato 4). Thi. an may provide s,:ructurn1. 
trapping conlitions in the subsurface such that natural gas illay be 
present in 0i- dovician and Cambrian rocks under the structural 
closure shon in the cross section (Plate 4). The anticline, in 
the hanging wall of the St. Clair fault syste,%, may be developed 
over footwall structnres of unknown ntlitude and dimension, 
providing additional trapping possibilities for natural gas. The 
structure hns not been drilled. 

Structui- al conditions favorable for hydrocarbon acctrnulations 
appenr to be absent beneath the Peters Mountnin Wilderness Study 

This area lies on the tilted upper plate of the St . Clair . 
thiust fault, from which the structurally high portions of the 
Silurian and Devonian sandstones have been eroded. 
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