IRON ORE INVESTICATIONS
BLAND, CILES AND TAZEWELL
COUNTIES

?ﬁ 1. Location map-Bluefisld NJ 17-8  AMS Series V501 (in pocket)

|
{ 2. Cooper(1957)-Report of investications of iron-bearinc sandstones in
the Nye Cove area, Tazewell and Bland counties.
}
| 2. Moon(1962)-BLM permit area-core locs.
4. Cooper{1962)-Locs.

5. Cooper{1962)-Summary report on first stage of prospecting for iron ors
in Jeffarson National Forest, Ciles County.

[
td

X &. Cooper(1962)-Recommendations for development of a substitute water
AN supply for the town of Narrows, Vircinia.

L 7. Cooper(1962)-Core loc descriptions and analyses on Big Ridae cores.
/e Fam P K . L e 0o - - .

- ,h {’ .

2. Moon{1963)-Reconnaissance of Clinton ferruoinous sandstones in parts
of western Vircinia.

9. Moon{1963}-Reconnaissance ceology of the Chestnut Ridge area,
Tazewell County.

L\ 1. Moon(1963)-Reconnaissance geology of the Big Ridge area, Bland and
Tazewell counties,

o

¢ 1. Moon( 1964 )~Reconnaissance geolocy of the Dry Fork area, Bland County.

q{ 12. Moon{1964)-Brief notes on the ceology of the Mercy Branch-Flat Top
—_— Mountain area, Giles County.
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Box 13
Blzcksburz, Virsinie

IEZCRT OF LeVELTICYISNS G IACN-BIiRING SANDSTCHEDS IN Tis

R T T e S - T TRT T H

YD COVE RO, TiZ=iILL AND BLAND COUNTIZS, VIRGIWIA

In August, 1956, the writer offsred to conduct investizations

relaving to vhe pessibilities for comcorntrating iron minerals occurring

Ridve=<lye Cove are of Tazewell
and Bland counvies, Virsinis, The objective of the project as then

was Lo deternine wheiher 1T wonld be possible to produce a

morchanizble concentraite of hehztiite vhich could bz considered acoevntable

Beczuse of the seenin ly cemuous orospzcts of reachins a faverzble

conclucsion Lo such

vion, I conssnted to take cn

-

this investiration only with certair woservaiione, namely, (1) that I

mznt for mileage exoensas

R —— A e e P . B R = R ]
equisment and ohc .. o ne nzeded; and (3) thabt he would

IR) . LI ] ~ s P
Lhe oraduats studsnes i oo
n [N =7 e - - P ~ o S
Q3ToIigd aTras ool TN A

3 Lo D mmpay o v e e e ey =
lzborasory dnvern .l -iolons of

sne obvious ilimitat:

s
S

/

s
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ed i, G. X, Tilliams to make

with ms in the ~eneral

ovicz]l Secisnces acknowledses the F

donztion of itwo itens of zgu'omint velued a2t aporoximately 3,150,000,
viaich played a major part in tha conducted,

In submittins this repori, I &m sugeesting that no information on

this

matarizl can be said To cornstitune & soures of rocovarabls and merchanisble

.

flated the significince of

it clso servyes Te make nmore &ilflfculi Wie systematic investigation of

rzourael resouress, tecauss 1T rIivii oronoriy ouners and others a desire

by investizoLions wiich zvs tezn corrizd on under ny dirsciion will nod

bz zarved by pregaturs puoiicivy o0 It 1z ny surs

}_J

or zn iron orz corzany In the teasible Turtier explorabilon and development

inzly ecrystalline hamatite which
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Page L
HOLE NUIBER: T1-74

Lessee or permittee: E. L, Keesling Ixp,

Address: Bramwell, West Virginla
Driller: Vaughan Bowling, Cunningham Core Drilling & Grouting
Finished: 26 October 1961
State: Virginia
Method of drilling: Diamond core
Logged by: W, A, loon
ST79E 14NE of I vertical
Depth in feet Description
From Tc__ Thickness

oo 100" 10'on Overpurden (Clinten formation)
100 108 an Sandstone, marcon, coarse grained, conglomeratic,

highly ferruginous; contains quartz granules,

losgn 17190 YA Sandstone, maroon, fine to coarse gr ained Terrug-
inous; contains maroon shale pariing uarallpl 0

the bedding planes,

l7igmn 2810 103n Sandstone, maroon, fine te medium grained ferrugirnous;
contains maroon clay galls (incl, 4" corc loss).

2810n  28w4n L Sandstone, marcon, fine grained, ferrugirnous, contains
maroon shale partings,

28 2gr1on oren Shale, drab maroon,

28110 31121 21n Sandstone, maroon, fine grained, highly ferruginous.

31t2n 33180 2160 Sandstone, maroon, medium to coarse grained, highly
ferrugzinous,

3313¢n 3L gn Shale, rust brown, contains black shale partings broken.

3Lt 3en 3n Shale, pale olive drab,

34 361 210 Shale z2nd interbedded sandstone; shzle grayish green
to olive drab. Sandsteone, maroon, fine to mediunm
grained,

36ty Jyign 110% Shale, pale grayish green glauconitic,

37t 371 Ln Sandstene, maroon, fine to mediuwr grained; contains

maroon shale partings,

37111 Lor2n 213n Shale, pels grayish green; contains intercalacions of
maroon, fire to medium grained sandstone; includes
1t core loss.

Lowew 35 3130 Sandstone shaly, pale green, fine to coarse zrairncd;

contains 1rravular pale green sandy shale pariings
and interbeds,



-3
4

)
-3

2
Paca 2

Depth in feet Description

From To _ Thickness

L3750 L3r6M 1 Shale, maroon,

LIVEM L 12u gu Sandstone, grayish green, fine grained; lower 3%
contains black shale partings,

Lten  LLrgn gn Sendstone, gray, fine to coarse grained, conglom:zratic

contains black limestone granules and pebbles and
irregular zrecn shale partings,

Lotrgr L7t 2tn Sarncztone, pzle green, fine grained; contains irr..g iloc.
z 5
(=]

4710"  55r3n 3130 Sendstore, pale grayish green, fine —rained, shaly;
contains irregular green shale partings,

5013 50T11n gn Shale, zreern.

50111 51Tnn 5n Sandstone, pale grayish green, fine grained, shaly;
contains irregular pale green shale partings.

S5Ln 5119n 5H Shale, pale gray.

511Gt 551n 3110m Sandstone, pale grayish green, fine grained, shaly

contains irregular pale green shale partings.

55rqn 5518 in Shale, black.

5518t 55610m Lo andstone, pale grey, fine grained, quartzitic,

5610 541w in Shale, grayish black,

5611 5512n I Sandstone, pale gray, fine grained, guartzitic,

56124 571 1on Sandstone, grayish green, medium to coarse graincd;
contains guartz granules and irrepular greenish
shale partings,

571 5715m 5N Shale, pale grayish green, sandy.

5751 5811n an Snale greyish green; contains 1" marcon shazle &t 57'E"

5geim 5ggn 7" Shzle dark zray,

5818" L0 iwgw Sandstone, gray fine grained, quartzitic; contains
black shale partings.

60 " gLr2n 10" Sandstone, gray slight zrayish hue, fine pgraired
quartzitic,

L2 63t 1rgen Sandstone, rust brown to gray to pzle olive drab,

fine toc medium grained; contains rust brown clay
galls and greenish gray shale partings, wug

=S A



Depth i
in feet
From
To
_
N Thickne
661 n
8!! D
escripti
s | iption
Sand
N -2 store
) nglo ties
) on; merati o
6 4 gcll. e o
81} “ ) o cy € 0ars
4 . ) ontain iy
| Sardst o -
o0 wone - -
69 ' | - andle O.A.T".OUS
h" 6 e N s and cl’
grgn int gravi ne grai )
. - rained
& 30 alation o areen; o
Gron Sandst n3. ; contal ' .
: : o ns mar )
grayis! i .
5u sn or ayish N
70' - o dstone
- nale ey
72 | swone part- 3
A green e, pa . N
72'7” . shal ¢ le . ad -
72' 7r - - ; contain
72 g Sandst itercalati sreen ‘S
g ou one, ma o N
| gral
/REBL Shal rocm, £ o
2120 €, gree . me gI'a.- | o
74,111 | . o |
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Depth in fest Description
From To _ Thickness
ggsyn  g1v 215n Sardstone, pale grayish green, fine grained,
CAR gzt 1.n Sandstone, pale grayish green, fine grained,
contains 1Lre*ular vienlets of maroon candstone,
(Includes 4" core loss),
Q2rLn g tgn 3n Sandstone grayish maroon, fine grained,
Gatpm  gri1Ln 51am Sandstone, pale gray to grayish green, fine grainad;
contains irregular partings of black shale,
' andstone ale gray to grayish green, fine grained,
g7111n  ggr1In 21on 3 7 s, pale gray to g h g y T g d
9g111" 10016" 7" Quartzite, grayish white, fine grained,
Log of Split Core T1-7A
0 101 Overburden useable Clinton
Sample 1 (10" = 1719%)
10t 108" gn Sandstone, maroon, cocarse grained conglomeratic;
highly ferruginous contains gquartz granulass,
1013w 17pign ARR Sandstone, marcon, fine to coarse grained, ferruzirous;
con-ains scattered marcon shale partings parallel to
the bedding plancs.
Sample 2 (17'9% - 28')
1719 28t 10130 Sandstone, maroon, fine to mediun grained, highly
ferrugirous contains marcon clay galis,
28t 28110" on Shale drab maroon te gray not samplao:z,
Sample 3 (281101 - 341)
28110 3120 214" Sandstone, marvon, fine grained, hizaly ferrugirnous,
312w 34t 2110" Szndstone, marcon, mediwi to coarse zrained, ferruiinosuas,
Sample 4 (637 - 68141)
631 b6 1gn 318" Sandstone, m=roon, coarse grained, ferruzirous, cor-
glomeravic, contains quartz granules and clay galls,
Sample 5 (70% - 72t74)
701 72 21 Sandstone, maroon, fine grained ferruginpus,



Driller:
Commenced drilling:
Method cof drilling:
Logged by:

™

Lessce or permitiee: £,
Address:

T1-84
Page 1
HOLE NUMBz=R: TI1-84

L., Keeslinz Zxp.

Bramwell, West Virginia
Vaughan Bowling, Cunningham Core Drilling & Grouting Co,.

G October 1961 Finished: 18 QOct., 1961
Diamond core NX

We A, Moon
S74E 139 N off vertical

ep in fee escriptior

Depth feet Description

From To  Thickness

Clinton formation

oron gren gron Overburden

g 16t0om 7i6m Szndstone and interbedded shale: sandstons, grayish
white, fine grained; shale, pale grayish green;
contains rust brown partings (core loss 3110"),

16 1G2n 320 Shale, pale grayish green, contains rust brown
partings (core loss 11'),

19t2m 168" Qten Shale, maroon, sandy.

168w 20130 oryn Sancstone, maroon, coarse grained, slight.ly ferruzinous,
vuzgy; centains yellowish brown cley galls,

2013n 23180 350 Sandstone, marcon, fine grained, slightly ferruginous;
contains zbundant maroon and grayish green shale
partings and interbeds.

23180 250 YA Sandstones, maroon, coarse grained, frisble, ferruginocus.
Contains abundant maroon shale partings,

251 2711n 2110 Sandstone, maroon, fine grained, ferruginous; conteains
maroon shale partings in the lower 17,

27110 27111 oron Sandstone, marcon, coarse grained, highly ferrugzinous;
contains widely scettered marcon shale partings.

27111 261G, 1rion Szndsitone, maroon, fine grained, ferruzinocus; contains
abundant maroon shale partings and mercon clay galls,

299" 30150 pign Sandstone, maroon, coarse grained, ferruginous;
contains marcon shale partings.

3050 31 gn Sandstone, maroon, coarse grained; highly ferrugincus,

31t 3213w 12n Shale, clive drab tc pale grayish green,

3213n 3315w 1'12n Sandstons, pale grayish marcon {incl, 6" core loss),

33150 3314 1 Sandstone, olive drab, fine grained,



Pazs 2
Depth in feet Description
From To __Thickness
3316" 348" 1r12n Shale, pale grayisnh green to olive drab,
3n18n 36120 160 Sandstone, maroon, fine grained, shaly; contains

avundant maroon shale partings parallel to the
bedding planes,

362 3710M 0r1on Shale, maroon (incl. 8" core loss).

3710M 37150 Qrson Sandstone, maroon, fine grained, ferruginocus;
contains abundant maroon snale partings.

3750 379n orun Sandstone, maroon, fine grained; highly rferruzirous,
3719 L20" L3n Sandstone, maroon, cearse grained, ferrugirous

conzlomaratic; contains quartz granules znd widely
scattered maroon shale partingse

L2ron L 213n gr3n Shale, clive drab,

L2730 A5 318¢ Shale, pale grayish green,

L5F11R L6110 pt2n Sandstone, maroon, medium grained,

LEWLM  Lb616M pi5n Shale and sandstone. Shale, pale grayish green.

Sandstone, gray, fine grained, occurs as partings.

Loren  pyran 1mon Shale pale grayish green, contains several maroon
sandstcne partings,

L7ron L7an 2n Sandstone, maroon, medium to cocarse grained,

Legne  L80n Ln Sandstone, grayish green, conglomeratic, coarse
grained,

Lgwow  Lgren 2 Sandstone, pale maroon, coarse grained,

Lgwen 506" 210 Sandstone, grayish green, fine grainzsd, shaly.

50t6"  51ts5n orlin Shale, grayish green,

51154 5213n grion Sandstone and intervedded shalej rust brown to gray,
crumbly,

5213m  546t7n Lgn Sandstone, pale graylsh green, fine grained; contains

irregular grsenish gray shale intercalations,
5617n 56110 3n Shale, pale green.
s56r1on  b2110% 5o Sandstone, pale grayish gresn, fine grained; contains

irregular greenish gray shale intercalations
(includes 5" core loss)



Depth in feet Description

From To  Thickness

62110n 3121 O14h Shale, pale maroon, sandy,.

63t2  31gu oryn Shale, pale green, sandy,

6319 6L110" 1r1e Shale, pale maroon, sandy.

oL 110" b517v grgn Shale, pale grayish green, sandy.

6517t 670" Lisn Shale, pale grayish green, sandy; contains gray
sandstone intercalations,

6710 682n 12 Shale, green.

6gr2n 6815y o3n Sandstone, pale grayish green.

6815% 913N Qt10n Shale, grayish black,

6913 pgIgN grén Sandstone, rust brown, fine grainzsd.

6319 71t 113" Sandstone, pale grayish green, fine grained,

7L1om 71l 3u Shale, green,

FLAn g212n o1l Sandstone, pale gray, fine grained, fraciured,

qRA2M 733N IRNAL Sandstone, pale grayish green, fine zrained,

73131 e 1t3n Shale, pzle zray {includss 8" core loss).

74160 7810n 3140 Sandstone, maroon, fine grained, ferrugirous;

contains marcon clay galls,

780" 78¢tgn on Sancdstone, maroon, fine grained; ferruginous badly
broken, (Includes 4" core loss).

78tgn  791Qu Lwon Sandstone, maroon, fine grained, ferruginous;
conteins marcon shale partings and clay galls,

799" 7g11n 2n Shale, pale olive green,

79111t 810M R NEY Sandstone, maroon, fins grained, ferruginous;
contains widely scattered maroen shale partings
and clay galls,

gl:onm 831G¢ 219n Sandstone, maroon, coarse grained, conglomeratic,
ferruginous; contains quartz granules and maroon

shale parvings.

g3f1on  g3r11v Otim Sandstone, rust brown, fine grained, shaly.



Tl"‘ 8 :‘i
Page !
Depth in feet Description
From To___ Thicxness
83111 8613n 21n Shale, grayish green, contains gray fine grained
sandstore partings,
g6t3n  ggsw 212 Sandstone, drab marcon, fine te coarse grained,

centains marcen and grayish green shale partings,

ggtsn  goLn 1t Shale, grayish green; contains intercalations of
grayish green and maroon sandstons.

gorr gQIgn sn Sandstone and shale; sandstone, maroon, fire
grained; shale marcon,

gogn  gleen or9n Sandstone gray, fine grained, contains grayish
green shale partings,

g1liem 9lv1lM Qs Shale, zrayish green.
glLr11n 921 in Sgndstone, maroorn, cocarse grained,
Qz1ion g7 Siqn Shale, grayish green; contains gray, fine zrained

sanastone intercalations,

gyt 10012 21 Sandstone, grayish white, fine grained; contains
gray shale intercalations in lower foot,

100120 100180 Oton Sandstone, rust brown, fine grained, frizble,
10018 1o1'g" 1ton Sandstone, gray, fine grained, contains dark gray

1o black shale partings.
1018 1031150 1wgn Sandstone, pale greenish gray, fine grainred,

10315 1051101 2t51 Sandstone, gray, fine grained, contains adark gray to
black shale partings.

105110" 1071 Llr2n Sandstone, dark gray to black, fine grained, wvuzzy.
107" 1087 1'om Sandstone, pale greenish gray, fine grained,

108mon 1085 o15M Shale, black, vaggy.

1pg815m  Jal1twyn 3r2n Sanistone, lizght gray, fine grained, vuggy; contains

rusi brown stained wvugs (incl, 1'3" core loss),
1Ly 112100 Qrsn Sandstone, pale grayish white, fine grained,
1izwom  11=2t1n iR Shale, graen,

1l29n 112110 10n Sandstone, pale grayish green, fine grained,



Page 5
Depth in feel Description
From To _ Thicxness
112111 311374m sn Clay, graye.
1134 114020 1o Sandstore, pale gray, fine grained, contains rust

browvn partings (incl. 7" core gain) gquartzitic.

L2 114060 4" Quartzite, pale grayish brown, fine grained; contains
reddish brown shale partings, durable.

Bottom of hole,
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Log of Split Core

Hole: T1-84 Date: 21 Cctober 1961

Depth in feet Description

From Te Thickness
Sample 1 (1G'6" - 231)

1916 20N 1o Sandstene, maroon, fine to medium grained,
ferrugirnous,

204 231 218n Sandstone, maroon, fine grained, ferruginocus,
contains zbundant marocon shale partings.

231 2316m 6 Shale, pale maroon to brownish olive drab,
Sample 2 (23'6% — 3111n)

2316n 311w G1yn Sandstone, maroon, fine grained, ferruginous; con-
tains abundant, marocn shale partings,

3111w 3213n lr2n Shale, olive draeb to pale greenish gray.

3213n 3211 orgn Sandstone, gray fine grained.

32111®  3314¢ oryn Shale, pale brown to yellow brown (includes &7
core loss).

3316 38 112m Shale, pale clive drab,
Sample 3 (341'8" - 427)

38 3713w 217n Sandstone, marcon, coafsa grained, conglomeratic,

ferruginous; contains agbundant maroon shale partings.

J7an L2t Lron Sandstone, maroon, coarse grained, congl,;
ferruginous (incl. 8" core loss),

Laionm  qLen 3216 Shale, pale zreenish gray, contains partings ard
interbeds of gray, fine grained sandstone, See
core log.

Sample 4 (74'6" - 83110")

7L16% 7190 5130 Sandstone, maroon, fine grained, ferruzinous,

799N YECARUEL 2n Shale, vale green,

79111t g3rion 3111 Sandstone, mercon, fine grained, Terrizirous
contains scoradie marcorn sheale wariti o,

g3 110" 86138 ERNRL pala greenish gray, contains .ray Tine

o
grained sandstone intercalations,



Ti-8.
Page 7
Depth in feet Description
From To  Thickness
g613n  ggrln 1rion Sandstone, grayish maroon, fine grained, contains
gray to greyish marcon shale partings, last 2t

cearse grained,

End of Split Core Log,
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Description of Drill Cores

o}

Total Foctage Drilled for the Day.

P

Hole Number: T2-1A

Elevationt 3,550 Dete: Aupust 31, 1961, Thursday
Depth in feet Description

From To

0 3.5 Overburden - looss weathsred white sandcstone and
soll. :

1345 5.5 Sendstone, white; slightly friable.

5.5 10 Sandstone, whits to gray white, mediuz to coarse
grained, slightly fractured.

10 13.2 Sandstone, white to gray, fine to medium grained,
quartzitic.

13.2 17.8 Sendstone, white to gray wnite, quartzitic, contains
3% redish brown to gray clay seer. The lower 1 1/2'
ie fractured and iron etained.

17.8 22.8 Sandstone, gray to grayish black, xediuc grained,

: 8lightly granuler.

22.8 23.0 Sandstone, gray to grayish white, medium greirned.

23.0 23.4 Clay, gray to grayish maroon. Encountered extreze
bit blockege.

S 2:23.4 24,0 Gray clay snd shele.

24.0 27.7 Sendstone, pale yellowish-brown, fine zrained
extremely friable, crumbly. Incl.{core loss 91).

27.7 28 Sandstone, grayish to pale brown, fine greined,.
crucbly.

28!
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Description of Drill Coree Fhé <
Hole Number: T2-1A A
Elevation: 3,550 Date: Seotember 1, 1961, Firday
Depth in feet Description
From To
28 33 Sendstone and interbedded clay. Snadstcne pele
brown, fine to wedium greined, friable. Clay
gray.
23 25.8 Shale, sandy and gray.
25.8 38 Shele, clayey gray. Ostrecod zone at 377,

40
41.6

43,6

40
41.6
43.6

46.2

Leperdita altse.

Shele, grey, sandy slightly congl.
Snadstoae, gray fine grained.

Sandstone, fine to moedium greined, greenich gray.
Incl. 4" of brown snndstone.

Appozared to be 2' greenish grey shzle overlying
8" of maroon shale. Mo core recovery.

=Clinton = Keefer Contact.-

46.2

46.8

468

K615 3/

4316 1/2" 5211 .00

52 L} 1 .2-ll

539"
51_} | 7!!

5514 1/2" 564 1/

539"

5)4 |7n
5514 1/2"

Sendstore, maroon, mediunm to ecoarse grained
ferruginous.

Sendstone, meroon, fine to medium grained,
ferruginous.

Sendstone, meroon, xzzdium to coarse grained,
ferrugirous. Basal foot conteins granule sized
pebbles. Thin clay intercslations along bedding
planes in lower 3'.

Sendstone, zaroon, medium to coarse grained. Sone
scettered quartz granules and abundent greenish
gray shzle intercelstions along bedding vlenes.

Shele, greenish gray cleyey.

Szardstone, mz=roon ceoarse zrained sbundant gre=enish
gray clay shale intercslaticons on bedding planes.
1/2" 4hick zone of grenular grey shele at 54711 1/2%,

Sendstone, meroon mediux to coarse greined.
Numerous quariz granules and maroon shele inter-
caletions along bedding pleanes.
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Description of Crill Cores [ AGCE A
Hole Number: T2-1A , PN
Elevation: 3,550 Datet: Sentember 1, 1961, Firday
- v
Depth in feet Description
From To
564 1/2% 57tz 1/2¢" Sandstone, noroon fine to medium grained, numerous
quartz grenules marlced absence of clay and =zhele
parings.
57'% 1/2" 57'10 1/2" Sandstone, drab greenish grasy, fine grained.
57810 1/2%59%7 1/2¢ Shele, greenish gray.
507 1/2" 60%3 1/2¢ Sandetone, maroon medium to coarse greined.
€0'z 1/2" 60'8 1/2¢ Sandstone, maroon fine greined.
60%8 1/2" &o'11n Sandstone, meroon coarese grained.
60'11® 612t Sendstone, meroon fine to medium grained with

intercelations of greenish grey shsle verallel to
bedding planea.

112 £118% Sandatone, maroon, coarse grained conpgl. large
guartz grains.

61'8" gtz Sandstone, rmaroon, fine to medium gfaincd, nuTercus
quartz pebbles.

62131 g21gn Senéstone, meroon, fine grained; contesins yellow
brown shale intercalations.

gatg" g2'g" Sendatone, maroon, fine to rwedium greined.

219" 2'11" Sandstone, maroon; contains yellow brown shale
intercaelations crumbly.

é2111" 6Lron Sendstone, weroon, fine to wedium grained.
E4'on &5t Sandstcne, meroon, cosrege greined.
PYALS TotzlzFootaze Crilled for the Dey.



Description of Drill Cores %
Hole Number: T2-14
Elevations: 3,550 Date: Seoterber &4, 1961, Monday
Depth in feeot Description
From To

65'6“ 67 Sandstone, maroon, medium to cozrse grained,
ferrugirous, conteins nuzmercus guartz grenulea.

67 69 Sandstone, maroon, fine to mediucx grained,
ferruginous, contains widely scettered quartz
granules.

69 702,48 Sendstone, mzroon, coarse grained congl., contains
abundant white quertz granules and clay zalls.

70'2.4%  70'6.25% Sandstone, marcon, fine greined, ferruginous.

7016.25"  70'11.25% Sandstone, maroon, fine to medium greined with
marcon clay intercalstions parallel to bedding
plenes. '

70%11/25" 75V 7. 75" Sendstone, maroon, redium to coarse grained
numerous thin zones of quertz granules parzllel
to bedding plenes.

BY7.57" g6t.25" Sandstene, rarcon, fine to medium grained,

7 ferruginous.

\§7Y.25" 761 .26" Clay, meroon.

764 26" 77'7.6" Sandstore, maroon, fine to medium grained, contains
widely sceattered white quartz granules.

7717.6" 77'8Y Shale, brown to marcon.

77'8" 77'0" Shale, gray, contains intercalations of light
gray clsy parellel to bedding planes.

77'9" 77110.5" Sandstone, fine to medium greined, meroon, contoineg
maroon sheale intercalaticons.

77'10.5% 782 40 Shale, greyish green with alternating zones of
meroon shale.

78'2.4M 73'2.5" Sandetons;, marocn, fine to mediuzm grainsd.

wr8t2.st 7955t Shale, pele yellow to drab.

79'5.5" 756" Shele, dreb reroon with meroon cshale interceletions

parsllel to the bedding planes.
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Description of Crill Cores ¢ ) 5

Hole Number: T2-1A
Elevation: 3,550 Date: Septezber 4, ionday

2pth in feet Description
From To

796" 79*10. 7" Shale, yellow with pale gray-yelleow in last .5".

79'10.7"  79'10.9" Shale, drab brown, sandy.

79'10.9"  79'10.11" ‘Shalc, vellow.

79'10.11" &p'2.1¢ Sandstone, white.

8o'2.1% a0'L Sandstone, marcon, fine grained, conteins =arcon

shale intercaleticns parallel to the bedding planes.
80'5.1"%  80'9.6" Shale, grayish graen.

8o'9.6"  81'7.2¢ Sendstone, marcon, fine to coarse grained congl.
numerous clay ~sll, and scettered granular pebbles.

81'7.2"  g2'3.6" Shale, greyisn green, sendy, contsine interbela of
greyish white sandstcne.

g213,6"  g2'4.1" Sandstons, meroon, fine greined, ferruginous.
g2'4.1%  86t4.1" Shele, pals greenish-gray, claysy, contzing
Intercalaticne of sandy shale snd gray to white

pandstone parallel to bedding planes.

3oL 1" 865" Shale, pale rray green ssndy (fossil zoneincl.
trileobites.

86's.1%  ght2.1" Shele, pele grayizh green, coniains intercaleticns
and interteds of grayish-green serndy shals and zray
sandstone.

s » 4 - - .

Q412,14 9L 13 51 Fossil zone including trilobites ard ostraceldz.
Greyisth zreen sendestone, fins te wedium grained.

gL'z.Et 9516.&" Shale, pele greyish green.

05'&.6% &Y, E" Core loss.

96'6.8"  100110.6" Snole; pele graylsh.mriem, drab; contaians intercalzations
of sandy shale znd scattered fossil layere lecs then

:;‘l:_-._'l 1_112‘.’l 1/21! thiCk-
100"10.6"  101'1.&6" Zone of abundant feesils.



Description of LCrill Cores (" k

Hole Number: T2-1A

Elevotieon: 2,550 Date:Septewber &, 1961, ‘Yondey

Depth of feet Descrintion

From To

101*1.6" 10175 Shale, greyish green, contains pale grayish zreen

' drab sandstone.

10351 101'11" Abundant foesil zone includes trilobites.

10111 102'3,6% Shale, greyish green.

102'3.6" 10418.6" Shsle, greenish zray contains interveds of
sandstone, gray white to greenish grey, fine to
weiuzm grained; and intercalations of greenish
gray aandy t=hale;

10418.6" 10613.6" Sendstose, gray to grayish bleck, fine grained,
contains interbeds of greenleh gray sandy shale.

Q2.7 Total Footase Drilled for the Day.
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Hole Numbar:
Elevation:

T2-1A
7,950

Description of Drill Cores

Date: Sevtember 5, 19061, Tuesdey

Denth in feet Descriptien

From To

106'8.6" 106G .6" Shale, pale grayish green snd meroon, contains .

‘ grayish green csandstone and sendy shele intercalstions
parallel to bedding planes.

106'9.6" 106'11" Sandstone, fein grained, grayish maroon.

106'11" 107'10.8" Snale, pale zrayish green to marcon.

107710.8" 108'=.8" Sendstone, marcon, coarse grained, ferrurinous
conzl. contains large quartz grenules.

108'z.8"7 103'10.8" Sandstone, umarocon, fine to rwedium grairel, containe
maroon shale intsrczletions perallel to bedding
planes. '

108'10.8"  109'1" Sandstone, pale grsyish green.

106" 112'4¢ Sandstone, maroen, fine to coarse grained; contains
interceletions of rarcon shale parasllel to bedding
planss.

11240 112'6.3" Shale, reroch.

11216, 2" 112'¢.8" Sendstone, pale grey green and maroon, fire grained,
shaly.

112'¢.8" 113'3.84 Sendstone, maroon, coarse greined; contazins gquartz
granules.

113'z.8" 11314.8" Shale, maroon.

11344.87 113'5.1" Sandstone, mwazrcon, coarse grained.

113'5.1°7 113'5, 6" Shale, meroon.

113'5.8% 112'7) Sandetene, marcon, coerse grained.

11z 11360 Shale, marcon and gfccn.

11zion 115'2" Sendstone, marcon, coarss grained, couteins
lerge quartz grenules.

11512 115'4.75"0 Shale, waroon.



, 4?
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Description of Drill Cores o T;;;
¥ :

Hoio Number: T2-1A :

Elevation: 3,550 Date? Sentember 5, 1061, Tuesday

Depth in feet Description

Froom To

115'9.6" 115'11" Sandstone, maroon coarse grained.

115711 115'11.5" Shele, maroon

115*11.5" 118'4. 75" Sandstone, waroon, cedium to coarse grained
ferrugincus, contains widely scettered ceroom
ehale Intercalstions.

1184 .75 118' 7" Shele, greenish gray.

118' 7 118'8.5" Sandstone, pale greenish gray.

118'8.5% 11914 .5¢ Sandstone, marcon, fine grained.

11974 .5 12074 .,5" Sandstone, maroon, contains maroon shale interbede.

120'4,5" 122'8.75" Shele, maroon to grayish, contzins interbedded
maroon sandstone, fine grained.

12218.75" 122'g" Shele, green.

1229 1221'g.25" Sandstone, marcen, fine gralned.

12215.25% 12z11.25¢% Shale, grayish green.

12311 .251 122120 Sandstone, marcon; contains interbedded msroon shele.

127130 122'5 .51 Sanay shale, grayish green.

1221554 123171 Sandstone, marocon, fine grained.

123'7" 1221951 Shale, zreyish green.

1239 .51 12412 5% Sandatone, rediurm to coarse grained, marooﬁ,
contains cuartz grenules.

1241z 5" 12414 ,250 Shzle, wmeroon.

124, 25" 124'5.25" Send:ztone, marcon, coarse grainec.

12415,25"% 125'6. 75" Szndstene, maroon, fine grained cbrtains Carosn

ehele intercalations psrallel to the bedding
plenes.



Y1
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Description of Drill Cores ‘j ~G

Hole Number: T2-1A :

Elevation: 3,550 Date: Sevntember 5, 1961, Tuesday

Deoth of feet Description

From To

1256, 75" 12518.75" Sandstone, maroon, coaree grained.

125'8, 78" 126! Sendstone, maroon, fine grained.

126! 128'4.25% Sandstone, raroon, fine to mediuz greined,
contains mercon eghele intercalations parsllel
to the bedding planes.

128'4.25"  128'L.50" Shale, green.

12814050" 125'2.25" Sandetone, maroon, fine grained; contains rmercen
shale intercelations parallel to the bedding
planes.

125'2.25" 135'8.75" Sendetone, marocn, coarse grained; conteins quartz
grenules.

13518.73%  136'2.48 Sendstone, meroon, fine grained.

2916 .41 Total Footege Drilled for the Dey.

-9
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Bescription of Drill Cores

Hole Rumbers T2-1A

Elevation: 2,89 Latet Sevtember &, 1961, Wednesday

Denth of feet Description

From To

12612 .40 1zZ9'1.4" Sendstone, maroon, fine grained,ferruginous
relatively fres of chale intercalations. Few
gcattered clay galls.

13971.4" 12913 41 Sandstone, maroon, fine gra ned, contains sbundent
zeroon shale intercalations perallel to the bedcding
vlenes and two thin green chale seams.

139'3.41 140's L1 Sandsto-e, werocn, medium to coarse grained.

140'5.4" 14574,.151 Shele, pale zray cre=en; contains grayish green

- gandstone interbads.

145415 1456 Ssndstone, nele gresyish green, conglonercte; conteains

rounded cuartz pebbles 2zm in diameter end black
- lipestone pebbles. -

14506M 145411 Sendstone, pale zrayish green conglomersic centsing
rounded cuartz pesbbles 2zm in diameter and blacl:
limestcne pebbles.

145111 1L7tan Shale, graylsh green.

14712 148140 Sandstone, gray, fine grained.

148140 14816" Sandstone, gray congl. coarse grairzd conteins
black lirestore pebtles up to 1/4" ir dicmeier.

148'¢h 148 10" Sendstone, grey, fine grained.

1481100 150'5.5" Sandztone, brown end gray, fine gre.ned; contains
intercelations end interbeds of grsy shale, Cofe
ehows plastic deformatioun.

150'5.5" 155 '8 .47 Sendstone, pele grayish green to olive Zrown,
fine grirad, contains ecettered pale brown
sandstone interbeds in uoper 2°'.

15518 4" 156'7.&5" Sendetone, pole grayish green to olive drab; Iins
grained, conteins widely scaitzred greernish zray
shale intercaletions.

159'7.65"  156'11% Shale, pale groyish green; contains rzroon, fine
grai-ed serdstons in thin intercelatione.

159 '11" 16112 Sendstone, pele greyish green, fivne greined.

/0.



Hole Number: T2-1A
Elevsticn: 32,550

Descripticn of Trill Cores

Date: September &, 1961, Ysdnesdoy

Depth in feet Ceseription
From To
18112 162 11 Sandstone, pele esrz:ish sresn, fine grained;
P gra; g g
containe gcattered intercelatione of sz2ndstene,
maroon, fine greined.
162011 1620 Sandstone, marocon, fire crained, shaly, contains
- I=3 ] o
maroon snszle interczlaticns.
163'1% 16212 ! Sandstone, fine to cozrse grained, grayish green
contains greenicn grey shale intercalzticns.
This includes .55' core gain.
166120 167" Quartzite, gray, fine grained.
30'¢.6" Total Footege Drilled for the Day.

Hole Number: T2-1A
Elevation: 32,580

Description 6f [rill Cores

Date: Sevtember 7, 1961, Thursdey

Denth in fezt

Description

From To
167! 168160 Quartzie,:gcrayish white, fine grained, conteine
: blace end brown shele intercalaticus.

118" Total Footaze for Day.

/1.



Hole Numbert T2-24

Elevation: 32,450

e}
?'l

Description of LCrill Cores

Date: September 8, 19€1, Friday

9.

yil

Depth in feet -Description
From To

0 3 Overburden, Keefer sandstone.

3 8.8 Shale and clay, poor core recovery.

=Clinton Sendstone-

8.8 124

12.4 15.15
15.15 15.20

15.20 16.80

16.80 17.15

17.15 16.4

Sandstone, maroon, medium to coerse grained.
Clinton

Sandstone, maroon, fine to medium grained.
Shale, grayish green.

Sendstone, marocon, wedium te cearse grainad.
Contains quartz granules and scattsred msroon
cley gells.

Shele, grayish green to olive drab.

Sendstons, marocn, coarse grained.

18.4

Total Footaze Drilled for the Day.

/.
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Description of Drill Cores PALZ
Hole Numbert T2-2A "
Elevation: 3,450 Dates September 11, 1961, lYonday
Depth in feet Description
From To

16.4 19.5 Sandstone, marcon, medium to coarse grainad;
contains marcon shale parting.

19.5 21.80 Shale, grey end reroon, soft clayey; contains
two zones of maroon sandstone, each 0.2% thick.

A

211886 22150 Sandstone, meroon, fine to coarse grained; containz
cley galls and maroon shele parting. Iron contant
nil.

2216% 2450 Sandstone, meroon, medium to cosrse graoined,
ferruginous, conglomeratic,mwarked absence cf shale
partings.

24151 251551 Sandstons, marcen, rmedium to coarse grained,
ferruginous, vuggy; contains large gusrtz
granules.

2515.5"  2515.6" Shale, green.

2515.6" 26z Sandstone, m2roon, firne to medium grained.

263" 264" Shale, marocon and grayish green.

25t 266" Sendstone, meroon, fine to wmedium grained.

266" 267" Shale, greyish green.

26178 275" Sandstons, maroon, fine to medium greained;
contaings abundent meroon shele pertinge.

a7t50 26! Sendstone, meroon, fine to medium grained,
ferruzinous.

291" 2zt Sendstone, meroon, fine greined, Terrugirnous,
contains clay gells; fractured, fraciures filled
with breouwn mud, frectures occur in upver end
lower 1.foot of interval.

z3tze Sendstons, =zarcon, contsins maroon shale

351"

partings, fine grained.

/3



Description of Drill Cores P;;Q =
Hole Number: T2-2A :
Elevation: 3,450 Datet Septezber 11, 1961, Monday
Dapth in feet Description
From To
z5 130 5150 Shale, maroon and greye.
55 LYAM Sendstons, maroon, fine to wedium grained,
containe rarocon shele partings.
7 711" Sendetone, marcon, medium to coarse grained,
ferrugirous, vuggy, conglorzeratic.
z7111°® 29! Sandstene, mzrocn, fine to wedium grained,
_ conteins meroon shale pertines and 2 1" inter-
calaeticn of gray shale.
30! o tgn Shele, grey to pale oliva drab.
29'8" Lot Sandstone, meroon, fine grained ferruginous.
4ot 4ot Shale grey.
4ot 40121 Sandstone, marcon, fine to medium greined.
4otan Lyron Shale, vale grayish green, glauconitic.
hypn kot 50 Shele, palet-ust brown to olive drab.
4214 50 Lpran Saendstone, meroon, coarse grained conglozeratic;
contains brown clay galls.
Lorgh 451 Sandstone, waroon, fine grained, ferrugincus,
conteins cley galls. Coatracod zone at 42'G".
4t 47'1.5“ Sandztone, meroon, fine grained, badly fractured,
conteine meroon shale intercalations.
4711.8"  L7'3.5° Snele, brown, frectured.
L7rz.s 0 47tL .50 Saele, maroon.
L7iL s L7 Snzle, gray.

/4.



Hole Numbert T2-24
Elevstiont 3,450

Description of Drill Ceres

Date: September 11, 1961, Mondsy

Depth In feetl Description
From To
Lyr6" 477" Shele, rust brown.
Lgrym 526" Shale, pele greyish green gleuconitic.
526" 576" Shale, pele grayish green, glauconitic, conteins
Intercaletions of greenish grey fine grained
sandstone. Foesil zones et 53'6" and, 56'4".
4itom Totel Footege Drilled for the Day.



T o= A
PRLGZ S
Description of Drill Cores
Hole slumber: T2-24
Elevaticn: 2,450 Date: September 12, 1961, Tuzsday
Depth in feet | : Description
From To
57167 578" Shele, gray,sendy, fossiliferous; conteins
trilobites.
578" £7'8" Shale, pale grayish green, unctucus;containas pale
graylsh green fine greined sendstone intercslations.
67'8" gtan Shale, crey, ccntains intercazlations of nele
gray sandsfono; fossiliferous,includes trilebites
and brachicpcds. '
&8t 695t Shele, rust brewn, candy, fractured; conteins
severael gray shsle partings.
6915t 730" Shele, zrey, unctuous.
73198 T4 z0 Sendstone, mercon, fine grained, contains ruzt

brown shale partings in lower 2".

75130 74110 Shale, gray, contains rust brown pertings.
74111 et Shale, maeroon.
it ol Sandstone, maroon, cosrge grained, conzlomeratic,

ferruginous.
511" 76" Shele, gray and naroon.

76! 7647 Sendstone, maroon, cosarse grained, conglozeratie,
ferruginous.

76147 gitoM Sendstone, maroon, fine to medium greined, highly
ferrugincue, conteins widely scuttered rweroon
shele partinzs snd clay gelle.

g1t g2t Sandestons, csroon, fines grained ferruginous,
contains maroon ehele partings 2nd olive drab
ele partings and olive drab shale interczletions.
ehale partings 1i dr b 1 rczle
g2! g4t Shale, reroon and olive drab, contsins interbeds
of fine greined, meroon sendstoene.
84! gLran Sendstone, maroon, coaree greined, ferrugincus.

g4 12m 841 &* Shele, maroon.

/b,



P 26
Description of Drill Cores
Hole Number: T2-1A
Elevationt: 2,450 Dates Septewber 12, 1961, Tueszday
Denth in faet ' Description
From To

gLrev 858" Sandstone, carcon, coarsge grained, ferrugincus.

g5 13t gggn Sandstone, waroon, fire to medium zrained,
ferruginous.

gete! Green shale parting.

86141 gsret Sendeztone, waroon, Tinz to w2dlum zraiasd, hizhly
farruzincas.

886" Green shele parting.

88 &" ga' Sendstone, maroon, fine to medium greined.

agryn Green shele parting.

g 89 5" Sendstone, zearcon, fine to medium grained,
ferruginous.

895" 90'1.5" Sandstone, raroon, coarse grained ferruginous,
conglomeratic; contains gquseriz granules.

90'1.5" g2 1gh Sendstone, mercen, fine grained, contains abundent
meroon shele intercalstions.

G2 g 96'" Shele, rmaroon snd greyish green, centalns
interbeds of maroon, fine greined sandetone,
¢conteining nmoroon shale partings.

o6igh o8 14 5t Sendsione, marcen, cosrse grained,conzlorerstic,

ferruginous; contsins gquertz granules.

o8k 5% 9519t Shsle, meroon end gray.

Q2 'oH og ot Sendetons, warcon, fine zreined, contesins

-

ggtat 101'&" Snale, pale greyish green, glouconitic
core lose).

C

L4t Total Footaze Drilled for the Day.



Description ef Lrill Cores

Heole Number: TR-24

Elevation: 2,450 | Date: Seoterbter 13, 1961, Uedpesdey
Cevth in feet _ Description

From To

1016 103'5% Shale, maroon and green.

103'5" 103'8" Sandstone, maroon, fine greined.

103'8" 10412" Sandstone, psale grayish green, fine graired.
104130 10518° Shele, maroon end green.

105'a¢ 1061 Bandstone, maroon, fine to medium greined,

slightly ferruginous.

106! 107'2" Shale, greyieh green (includes 8" core loss)
1072 107'4.5" Sandstone, gray end brown, fractured.
107'4.5% 111*40 Sendstone, gray to grayish black, slight maroen

hue, fine grained.

111'6" 11638 Stele, gray, unctuous, conteins grey fine grained
gandstone interbeds.

1164 3¢ 117'8.5" Shele, derk grayieh green, centains sandstere
interbeds.

117'8.5" 119'7.5" Sandstone, pale gray to grayieh green, contains
irreguler bdrown eilt and sond intercesletions end
green shale partings.

119'7.54 12651 Sandstone, grsy to grayish green, conteins
irrepular green shele nartings and clsy galls.

12615" 12911" Sandstone, gray, fine greined, conteins sporadic
raroon sandstcne pertingzs.

Ly " - -

129" 12¢'1" Sendeterne, meroon, fine grained shely; contains
green and wercon shsle partings.

1201 120'11° Shele, marocn, sendy.

12¢'11" 12215 Shele, grey, sendy.

172150 123124 Sendstone, greyish green, fine to redium greined,
centeins green shale partings.

12312 134! Shale, pale zreen.



Hole Number: T2-2A
Elevetion: 3,450

Description of Drill Cores

Date: 3epterber 13, 1961, Wednesday

Depth in feet Description
From To
1240 137130 Sandetone, rsle greyish white, fine zrained,
quertzitic,contains grayish bleck shale pertings.
13731 13814 Shale, zrayish black, ssndy.
1z814¢ 129'7" Sandctone, gray, fine greined, quesrtzitic,
. conteina bleke shele partings.
12978 1311 Shele, black.
139'11" 411t

Shale, gray, sandy.

-Shut down for dey at 140'7%%

59!1!1

Total Footage Drilled for the Deay.



Deseription of Drill Cores

Hole MNumber: T2-24

Elevation: 3,450 Dates Sectember 14, 1961, Thursdey

Depth in feet Description

From To

141111 14301 Sandstone, pele gray, fine greined, conteing

: gray shale perting.

1435010 143078 Sendstone, gray, fine grained; conteins larze
ellinsoidal cley pelleta and balls.

143170 145181 Sendstone, zrey to pale greenish gray, conteins
seporadic blacikk to gray chale pertingc.

144188 146151 Sgndstone, greyish maroon, fine grained.

146150 14814 Sandstone, marcon, fine grained, slightly
ferruginous.

148141 152! Shale, grsyish green, unctuous.

152! 1521'a" Sendstone, merocon, fine greined.

152184 153111 Sandstone, gray, fine grained; conteins gray chale
intercslstions.

15%411° 154020 Shele, gray, sandy.

154138 154110 Sandstone, gray, coarse greined, conglozerate;
conteins ebundant black end gray clay pellets,
quartz grenules and foscils.

149" Totel Footzge Drilled for the Day.



Description of Drill Cores

Hole Number: T2-24

Elevation: 3,450 Datet September 15, 1961, Fridey

Cepth in feet Description

From To

155140 157461 Shale, grayish black, conteins grey fine grained

’ sendstone intercaletions perallel to bedding
planes.

1576 S 15812¢ Sendetone, pele grayish white, fine greined,
quartzitic.

158121 16546" Shele, greyish bleck, contsins gray fine cralned
sandstone. intercalatiovs. .

16516" 16738 Shale, grayish bleck.

16730 169 '5* “Sendetore, gray to grayieh green, fine grained.

169'5" 170'1.5" Sendstone, gray, shaly.

170'1.5" 1755 Shale, gray to bleck, sandy; contelns gray send-
gtone intercalations.

175 15" 175'8% Conglonerate, gray, fine grained; conteins grey
gandstone and quartz pebbles set in a gray
gandatone end snale matrix.

175181 1781o" Sendstene, gray,fire zrained, conteins blsck end
gray snale intercalatione; core mottled with
irreguler brown sandstone intercelaticns.

178'g" 17ent Sendstone, grayish black, fine grained, vugey;
contelns irrezuler intercalatlions of gray
sandstone.

1791 181'4¢ Sendstons, grey, fine greined,quartzitic.

18174t 181181 Shsle, gray.

181'¢t 181711 Sendstons, greyish white, fine greined, quartzitic.
BEerd erd dursble. .

267" Totel Footage Drilled for the Day.



A,

]

~
LTI

-2

“ohd g

[

oLion

SN

L

L

G e
rewwd il y

ATy
R B
B GRCINR U S,

_ N
o ~

t

i
i

~

21

91

f
13110

N

¢

()

6!5"

_—

3 t

e
_\L

le:

'IlOII

1o

<

bl
y N

i

ey
Lo

[
Vid sy

AR

-
taing
comnalns

an,

.

nmemx b

e n e e

N

2n
llSH

1

171
15180
20!1“
2019

T

gr1in
grn
3’9”

16110

17!

1



a7t

I
=

‘}_‘.’L;_I?‘II

o

NI

e

L

]
'r,J-
¥

k.



P
T ~lEcriniion

From o

L5t Léreu 1ra

/ 1o Mol RoN]] it g ; s

4 L7103 : . Ll

11;7'3“ [,-_8'6” lIBH , cl .
with Zrosn goouconl e D

L8trau 501gn oron ST,

5018M 51tgn 10 e

z1tgn E7ign &1 So.onrL

57!8!]’
5511
591gh
60:

6013!1

W
34
S
jo3er: e
Dy
SE

oy
-led 1

K

sorn, Cline

E

TLY, COLLD

Toniran

PRI




-

i
~0

7

le] T~ ~ L I -
_A-/.—lc_;"r. LT L D IG
T . N AR
Mave lowrred: O, LSl
_ . s = - T
L 1T LGon TN SE VIS ) 61
Ty SN L
Lat - A [N GG . .
o) I R Soton
__,'l :YijT 2t
Joran ~ T g
[ < . —~
“ .
| - B

19!

192‘[{_1!

19110

O~

¢
o




Hole alignment NO68Z 15
November 16, 1961

Date started:

Date completed:
Driller:

Vaughan Bowling, Cunningham Core Drilling and Grouting

O e

HOLE NUMEZR: T3-94

December 4, 1961

mo O
P

rapge L

S

Depth in feet Descrirticon
From To  Thickness
0 71 A Cverburden, white sandstcne fleoat and Clinton
float.
7t rgn gn Shale, pale grayish white, fractured and broken.
718w g 5u Sandstone, gayish maroon to gray, fine grained,
slightly ferruginous,
gin grgu st Sandstene, rust to reddish brown, fire grained,
brokern,
grgn 121 316m Sandstone, pale grayish white to tan, fine grained,
contains interbeds of pale gray to pale tan shale,
includes 2" core loss,

120 131]11w 1t1n Sandstone, pale gray to white, fine zraired,
guarctzitic, contains rust brown manganese stzined
partings and fractures. Includes 1'1" core loss,

13111 24t 1011 Sandstone, rust brown to tan, fine grained, contains
partings and interpeds of chocolate brown shzle;
badly fractured and broken. Includes 7' core loss,

240 25130 130 Shale, pale grayish white to pale tan, unctuous,

25131 30140 Srn Sandstone, maroon, fine to coarse grained, ferrugsinou
cantains maroon clay galls, broken; incluces 3' core
loss,

(Note fault zone 7' - 621)

304" 30ten 2n Shale, pale tan, unctuous,

3016 381 gryx Sandstone, maroon, fine to coarse grained, ferrugirous
contains maroon clay galls, broken. Includes 1'3"
core loss,

3g1n L2t 3rgn Shale, pale tan, includes 3'3" core loss,

L2 Lat2n 20 Shale, rust brown, sandy.

L2120 Lo 21 Shale, pale grey.

Lawmn L 215n in Sandstone, rust brown, fine grained,



Depth in feet Description
From To  Thickness
tsn H , - ~

L2115 521 Gron Shale, pale tan, broken and fractured; inciudes
8t core loss,

[N | 3 + .

52 62t 10¢ Sandstone rust brown, fine grained, badly broxen,
ineludes 8'4" core loss,

€21 6516" 36 Shale, tan to pale rust brown, sandy, contairs
sporadic par?ings of greenish gray shale and a 1%
bed of tan fine grained sandstone at 6278",

tAlt - : . .

6516 71t st6m Shale, pale greenish gray, contains partings and
lenses of gray fire grained quartzitie sandstone,
includes 8" core loss,

T ot 3 3 179

71 715 5u Sandstone, gray, fine grained, fossiliferous,
contains ostracods and trilobites,

71150 72130 1on Shale, pale zreenish gray.

t3n ST4U . . , fasn .

7213 7216 3n Sandstene, gray, fine grained, fossiliferous, costazirc
ostracods and trachiopeods.

TA1 Y LI I L.

216N 75121 31gn Shale, pale greenish gray, contains sroracdic lenzuc
of gray fine grained guartzitic sand:ztone,

1on 2 4 £ 3 3t pr iy )

7512 77 1t1gn Shale, gray, contains partings and interwveds of tan
shale., Includes 1! core loss,

771 gyt3n 103" Sandstone, maroon, fine grained, highly ferrugincus
coriplete absence of shale partings and clay zalls.

g713n  gagryh 2140 Sandstene, maroon, fine grained, ferruginous,
contains partings of maroon shale parallel to
the bedding planes,

tn 1 7 e 3 3 J j
8917 9111 16" Sandstone, maroon, fine grained, ferrugincus.
1n b o + 3 3 3 3

9111 CARFAL 3n baﬂdsuone, maroon, fine grained, ferrugincus, contains
50% maroon shale partings parallel to the becding
planes,

CIRFAL 91 19¢ 51 Shale, maroon and pale gray, unctuous,

glrgn  gaaign o Sandstone, marcon, cocarse grained, ferruginous,

g218% Q3N an Shele, grayish maroon, unctuous,

a3pM QL rn 130 Sardstone, maroon, coarse grained, ferrugincus,

contains quartz granules and rust brown clay galls,



'
o -3

Darth in feet Description

From To  Thickness

i gsw e Sandstone, maroon, ccarse grained, ferrugincus
contains abundant maroon shale interbeds parallel
to the bzdding planes,

9511 g5tan L Sardstone, marcon, ¢oarse grained, ferrugincus,

g5t5" 9519 L" Serdstone, maroon, warse grained, ferruginous
contains abundant maroon shale partings.

951G g7 113n Clay, gray, unctucus, includes 6" core loss,

Hole shut down,



Date logged:

T3-94
Paze

T3-94 Log of Split Core

December 9, 1961

Depth in fest Description

From To  Thickness
Sample 1 (25'3" - 3813%)

25131 304 511t Sandstone, maroon, fine to coarse grained,
ferruginous, contains maroon clay galls, broken.
Includes ' core loss,

30, 3016M 2n Shele, pale tan unctuous,

30t6n 38y grin Sandstone, marcon, fire to coarse grained ferruzinous,
contains maroon clay galls, includes 1'3" core loss,
Samrple 2 {77' - 9Lt1")

77t g7e3n 10¢3n Sandstene, marcoon, fine grzined, ferrugincus, contains
sporadic paper thin wavelite partings at 861,

g713n ggtrsn 212n Sandstene, marcon, fine grained, ferruginous, contains
scatltered maroon shale partings parallel to the
bedding rlanes,

ggesn  glin Lrgn Sandstone, maroon, fine grained, ferrugincus,.
Sample 3 {9L'lr - g92'an)

gLrLn QL an Sandstone, maroon, fine grained, Terruginocus contains
50% maroon shale partings parallel tc the becding
planes.

Qlen g1 1gn 51 Shale, maroon and pale gray unctuous,

gltgn gz18u 11w Sandstone, fine to coarse grained, ferruginous,
Sample 4 {9316" - 95151}

93141 QL v 1rin Sarndstone, mzroon, coarse grained, ferruglinous,
containe guartz granules and rust brown clay galls.

Q7w g5a1n én Sandstone, maroon, coarse grained, ferruginous,

centains abundant maroon shale partings parallel
tc the beddinz planes,



TL=34
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HOLE NUMBER: T4~3A

Depth in feet Description
From To Thickness
0 Lt Lt Qverburden
41 91 50 Sandstone, maroon, coarse grained, conglomeratic,
ferruginous; contains quartz grarules and contained
vugs; weathered and broken., Includes 8" core loss,
CA 1012n 12n Sandstone, maroon, coarse grained, conglomeratic,
ferruginous, contains maroon shale partings parallel
to the bedding planes.

10t2n 18g" gron Sandstone, maroon, fine to coarse grained ferruginous,
badly weathered and broken, Contains scattered
marocn shale partings parallel to the bedding planes.
Includes 1'5" core loss,

1818 24110n 612" Sandstone, maroon, coarse grained, conglomeratic
ferruginous; contains quartz granules, clay galls
and contained vugs, weathered and broken; contains
maroon shale partings parallel to the bedding planes,

24110" 260 112u Shale maroon, weathered, includes 1'1" core loss,

261 28110" 2110" Sandstone, maroen, fine graired to medium grained,
ferruginous; contains abundant maroon shale partings
and maroon clay galls; broken and weathered,

28110" 3216 3rgn Sandstone, maroon, coarse grained, ferruginous
conglomeratie, contains quartz granules and vugs
weathered,

3216 321100 L Sandstone, maroon, fine grained, ferruginous contains
maroon shale partings, broken,

32110 33130 5u Shale, maroon, broken,

3313n 33151 20 Shale, pale yellowish brown,

33150 36t ™" Shale pale gray to pale grayish green, unctuous,
weathered.

361 36v6n on Shale, yellowish brown to maroon,

36160 Levn 1011n Shale, pale olive drab to pale grayish green,
containge partings and lenses of yellowish brown
shale, unctuous, includes 26" core loss,

Leryn  L9ign 3t Shale, pale grayish green to pale grayish lavander,

contains scattered partings of yellowish brown
shale, unctuous,



Page 2
Depth in Feet Description
From To _Thickness
Lot L911n L Sandstone, yellowish brown fine grained,
Loyt 52t 21n Shale, pale grayish green, contains lenses and

partings of yellowish brown shale, includes 5"
core gain,.

52t 531gn 1wgn Shale, pale olive drab.,

5319 sS4t ™ Shale, pale olive drab, sandy.

SLtun SLren 2n Sandstone, pale gray, shaly, fine grained.

54,t6m 541100 Lm Shale, pale olive drab.,

54110" 561 113" ?andstone, gray, fine grained, includes 4" core
0SS,

5611 561M 3 Shale, pale greenish gray to olive drab.

5614 s56tn 3n Sandstone, maroon, fine grained,

56ryn 57160 11n Shale, pale olive drab to yellowish orange.

5716 5813 gn Sandstone, grayish maroon, fine grained,

5813t 5gign 61 Shale, pale grayish green to pale olive drab.

581gn 561 3n Sandstone, grayish maroon, fine grained.

591 593" 3n Shale, pale gray.

5913n 5g14n 3w Shale, maroon, contains partings of maroon, fine

grained sandstone,

516" 60°* &% Shale, grayish green to maroon,

60°* 60t4N Lt Sandstone, pale gray, fine grained.

posLn 62 18w Shale and intercalated sandstone; shale, marcon;
sandstone marcon, fine grained, includes 1' core
loss,

621 701 gt Sandstone, maroon, fine to medium grained, contains

abundant partings of maroon shale parallel to the
bedding planes.

70 7012% 2h Sandstone, pale gray, fine grained,

702" 70wy s Sandstone, maroon, fine grained, ferruginous,
contains maroon shale partings,
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Page 3

Depth in feet Description

From To___ Thickness

707 010" 3n Sandstone, grayish maroon, fine grained,

70310" 72114 21 Sandstone, maroon, fine grained, ferruginous,

q2111 971 LM Shale, maroon, contains scattered interveds and
partings of maroon, fine to medium grained
ferruginous sandstons (includes 1'6" core loss).

77 g2t10v 5110% Shale, pale greenish gray, contains interbeds
intercalations and irregular lenses of gray fine
grained quartzitic sandstone,

g2rlon 83151 ™ Sandstone, grayish green, fine grained quartzite,

g3tgm  gor3n 2110w Shale, pale greenish gray, contains interbeds and
irregular lenses of gray, fine grained ocuartzitic
sandstone,

86130 gyt gn Sandstone, gray to pale grayish white, fine grained,
cuartzitic, contains irregular partings of grayish
black, shale parallel to the bedding planes.
Includes 4" core gaine

g gyian 3n Shale, grayish black.

g713%  gge g Sandstone, gray to clive gray, fine grained,

881 garLn Ln Shale, gray, contains rust yellow partings.

gagynr Q313w Lrian Sandstone, gray, fine grained, quartzitic, includes

3" core loss,

Bottonm of hole,



m

TL=34

Page L
Log of Split Core Date: Wednesday, November 8, 1961
Depth in feet Description
From To
0] LT Overburden
Sample 1 (L' - 7'9")
I 7i6n Sandstone, maroon to grayish maroon, coarse grained,

conglomeratic, contains c¢lay galls and quartz
granules, slightly ferruginous, weatherecd and
broken,

79 g1 Shale, pale drab marocn, weathered contains interbeds
of maroon coarse grained sandstone, weathered and
broken; includes 8% core loss,

Sample 2 (9! - 18'6")(Note: This not so good but sampled anyhow)

g1 816" Sandstone, drab grayish maroon, fine ;rained to
medium grained, slightly ferruginous, contains
abundant maroon shale partings and iInterbeds
parallel to the bedding planes; contains maroon
clay galls; badly broken and weathered. Includes
1'5" core loss.

Sample 3 (18'6" - 249"} (Note: This not good either but sampled)

1816 2419w Sandstone, drab maroon, coarse grained, slightly
ferruginous; conglomeratic, contains quartz granules
and contained vugs; weathered and broken, contzains
scattered maroon shale partings.

2L 1g0 26! Shale, maroon, weathered; includes 1'l" core loss,

267 28110" Sandstone and shale, sandstone maroon, fine to medium

grained slightly ferruginocus; contains abundant maroon
shale partings and maroon clay galls,

Sample 4 (28'10" ~ 3276")
281101 326" Sandstone, maroon, coarse grained, slightly ferruginous,
conglomeratic; contains quartg granules and contzined

vugs; weathered and friable.

32160 32110% Sandstone, maroon, fine grained, broken. Contains
abundant marcon shale partings.

32110" 621t See log.
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Depth in feet Description

m

From To

Sample 5 (62' - 6815")

621 6g15n Sandstone, maroon, fine to medium grained,
ferruginous, contains partings of marcon shale
parallel to the bedding planes,

égrsn 700 Shale, maroon, contains abundant intercalations
and interbeds of maroon fine grained, slightly
ferruginous sandstone.

70! 70128 Sandstone, pale gray, fine grained,

7012n qOvyn Sandstone, maroon, fine grained sligntly ferruginous
contains maroon shale partings,

7017 010" Sandstone, grayish maroon, fine grained,
Sample 6 (70110" - 72'11")

70r10m  g2111v Sandstone, pale grayish maroon to maroon, fine
grained, ferruginous.,

72111 g313n See log.

End of Sampling
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Paze 1
HOLE NUMBER: T4-~164

Drill alignment: Vertical
Date started:
Date completed:
Driller: Vaughan Bowling, Cunningham Core Drilling and Grouting Co,

Depth in Feet Description
From To Thnickness

0 31 37 Overburden,

3 16n gion Sandstone, maroon, coarse grained, ferruginous;

contains gquartz granules, maroon clay grlls and
sporadic rust brovn clay galls; also includes
contained vuzs, weathered and broken. Includes
26" core loss, probably maroon shale,

116 1yptse 5111 Sandstone, maroon, fine to medium graired,
ferruginous; contains maroon clay galls and marcon
shale tartings; broken, includes 1'6" core loss,
probably maroon shale.

175" 1711n 6" Sandstone, dark maroon, coarse grained, slightly
ferruginous; contains marocn clay galls; rock broxer,

17711 18y e Sandstone, pale tan to rust brown, fine grained,

iE:a 22710" Lrion Shale, pale grayish gresn to pale yellowish tan,
unctuous; includes 3'9" core loss,

22110 2412v 1rn Shale, pale yellowish tan to pinkish tan, unciuous,

2p12n 25100 an Shale, pale yellowish tan; contains interbeds of

pale gray sandy shale,

24,010 2514 on Sandstone, pale gray to mottled rust brown, {ine
grained, shaly and platy.

251, 25110% en Shale, pale gray to pale lavender; contains sporadic
rust brown partings of shaly sandstone parallel to
the bedding planes.

25110" 2613w 5n Sandstone, pale gray to pale rust browm, fire grained.

26130 2814n 213n Shale, pale grayish purple to pale olive <rab, coniains
rust brown shale partings parallel to the bedding
plares.

2gwen 30111 2150 Shale, pale grayish green, contains sporadic rust brown

paper thin shale partings parallel to the bziding

planes; contains gray fine grained sandsteone interbzads
and intercalations. These sandstone interbzcs contain
ostracod remains Zygosella sp and Mostigotcloira sp,.




. Y

Depth in feet Description

From To _ Thickness

30111 312n 3n Shale, pale rust brown to grayish green,

31 31w 2m Sandstone, gray, medium to coarse grained quartzitic.

31n 31rvgn L Shale, greenisnh gray to pale olive drab; contalns
scattered brachiopod fragments,

318 311107 2n Sandstone, pale grayish maroon, fine grained,

3110w 320 21 Shale, pale gray includes 4 core gain.

321 32191 an Shale, pale gray,

32190 3350 gn Sandstone, pale zrayish marcon, fine grained, platy.

335" 34134 1gn Shale, pale gray to tan, unctuous, contains rust
brown sandy shale partings parallel <o the bedding
planes,

34111 35:5m 6" Shale tan to sienna.

35150 35140 1w Shale, bright maroon,

35160 361 o" Shale and sandstone, shale chocolate to rust brown
and black, contains irregular manganese partings;
sandstone, pale gray, fine grained,

361 3685m 51 Sandstene, grayish maroon, fine to cocarse grained,
ferruginous, contains maroon galls and scattered
quartz granules, vuggye

36157 36110" sn Shale, pale pea green to greenish gray.

36110% 371w an Sandstone, grayish marcon, includes 3" core gain,
fine grained, slightly ferruginous.

3711t 37130 2n Shale, pale brown,

373 37180 sn Shale, pale brown, contains interbeds of maroon,
fine grained ferruginous sandstone,

3718m 3812w 6t Shale, pale grayish green.

38t 3g5n 3n Sandstone, maroon, fine grained, ferruginous,
contains abundant maroon shale partings,

3815w 3318" 3u Shale, pale gray fc pale lavender,

3grg"  38t1o" 2n Sandstone, gray to rust brown, fine grained,



Depth _in feet Description

Frcm To __ Thickness

38110 LOteM lrgn Sandstone, marcon, fine grained, ferruginous, contains
abundant maroon shale partings parallel to the bedding
planes; contains sporadic encrustations of wavelite,

LOte" L1 on Sandstene, maroon, fine grained, ferrugirous, contains
clay galls and quartz granules,

L1t LéT 51 Sandstone, maroon, fine to medium grained, ferruginous,
contains abundant maroon shale partings and intercala-
tions parallel to the bedding planes, Includes 2!
core losSs,

L6t 521 61 Sandstone, marocon, medium to coarse grain=d, ferrugi-
nous, coniteins guartz granules; contains abundant
maroon shale partings parzllel to the bedding planes,
Includes 176" core loss,

521t 52150 s Shale, marcon to pale olive drab,

H2t5H 52170 2N Sandstone, pale grayish maroon, fine grained.

521w 53t5n 10n Sandstone, marcon, fine grained, ferrugincus, contains
sporadic quartz granules,

5315u  531]10n sn Sandstone, maroon, coarse grained, ferrugirous,
contains quartz granules and abundant maroon shale
partings up to 1/ inch in thickness.

53110"  5,1n 3" Shale, drab marcor,

SLTIN 53 2n Sandstone, maroon, fine grained ferrcuginous,

543N 541100 AL Shale, drab marocn, contains partings of marcon
fine to coarse grained ferruginous sandstone,

5L110n 5520 LY Sandstone, maroon, coarse grained, ferruginous,

5512n 561 on Shale, drab maroon, contains partings of fine to
coarse grained mercon ferruginous sandstone,

561 577 1 Shale, pale brown to vale grayish maroon, includes
4" core loss,

571 PYAIAL L Sandstonie, gray to graylsh marcon, fine grained,
contains rust brown shaly sandstone parvirngs,

LY AVALNEEE L 1ran Shale, pale gray, contains 2" of grayish maroon,

fine grained sandstone; includes 1' core loss,
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Depth in feet Description

From To  Thickness

591t 6011 1l Shale, gray to tan, contains abundant rust brown,
fine grained sandstone interbeds averaging 1/2
inch in thickness and rust trown shaly sandstone
partings parallel to the bedding planes,

6011 010" g Shale, pale tan to brownish gray, contains two
maroon shale partings parallel to the bedding
planes,

60110 6130 5m Shale, grayish green,

613n  g1r5m 2n Shale, tan,

615" 610" sn Shale, grayish green.

611107 6211n 3n Sandstons zray to grayish green, fine grained
guartzitic,

g1 p216" 5w Shale, marcon to grayish green.

616" 631 on Sandstone, gray to grayish green, fine grained,

quarvzitic, platy. 3 inches left in hole.

Ind of hole,



Date logged:
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Log of Split Core Ti4-164

November 18, 1961

Depth in feet Description

From To Thickness
Sample 1 (3' ~ 11'6")

L 116" gron Sandstone, maroon, fine to coarce grained, ferruginous,
contains quartz granules, maroon caly zails and sporadil
yellowish brown to rust brown clay galls, Also con-
tains vugs and yellowish brown shale partings.

Includes 2'6" core loss probably marocn shale.
p ¥
Sample 2 (11'6" -~ 17'11")

1116% 1715n 5111 Sandstone, maroon, fine to medium grained, ferruginous,

contains marcon c¢lay galls and marcon shale parvings,
. ) !
broken includes 1 6" core loss.

17150 1lyvaan 6" Sandstone, darx maroon, coarse grained, ferrusinoas,
contains maruen alay palln, Lo,
e - 5t qere
Sample 3 (360 - 4L

36t 30150 5n Sandstone, muroon, fine Lo coarvde gratned, Cerrggln us,
contains scattered quartz granules, vaggy.

36t5n 36t10M sn Shale, pale pea green to greenish gray.

36110 371 3n Sandstone, grayish maroon, fine grained, slightly
ferruginous; includes 3" core gain,

Sample 4 (4LO16" ~ 467}

LOTEM ALY bn Sandstone, maroon, fine grained, ferruginous, contains
clay galls and quartz grarules,

L1t L6Y 5t Sandstone, marcon, fine Lo wedium ceadtied, Perrasinngs,
contains cbundanl murcnn snnde porb s arad aler
calations pzrallel to the bedding plancs, Includes
21 core loss. Contains wavelite seam at 4211041,

Shale comprises about 35%.
Sample 5 (46t - 521)

L6t L2t 6! Sandstone, maroon, medium to coarse grained, ferrugi-
nous, contains quartz granules and abundant rarccn
shale partings parallel to the bedding planes.

Includes 116" core loss. 4lso contains sporacdic
wavelite encrustations at 51t

521 s2ton gon Shale, maroon to pale olive drab,

52150 52 2n Sandstone, pale grayish marocn, fine grained,



Log of Split Core T4~164

Date logsed: November 18. 1961

Jepth in feei Lescrigtion

From To __ Thickness
Sample 1 {3' -~ 1116")

3 116" gron Sardstone, maroon, fine to coarse grained, ferruzinous,
contains guaritz granules, maroon caly zalls and sporadic
yellowish brown to rust brown clay galls., Alsc con=-
tains vugs and yellowish brown shale partings,

Includes 2'6" core loss probably maroon shale,
Sample 2 (11tén — 17111")

1116% 1715w 5t11n Sandstone, maroon, fine to medium grained, T
contains maroon CLaj zalls and marcen shaie
broken includes 1'é" core loss,

1735m 17111 6 Sandstone, dark marcon, coarse grained, Terrugincus,
contains marcon clay galls, broken,

Sample 3 (36" - 3711M)

361 36150 su Sandstone, maroon, fine to coarse grained, ferrugincus,
contains scattered quartz granules, vugzy.

3615 36110" 51 Shale, pale pea green to greenisn gray.

36110" 3711m 3n Sandstone, grayish marcon, fine grained, slightly
ferruginous; includes 2" core gain,

Sample 4 {LO'6" - L561)

Loven L1t én Sandstone, maroon, fine grained, ferrugincus, contains
¢lay galls and cuartz granules,

41 Lé! 5t Sandstone, marcon, fine to mediun grained, ferruzirous,
contains abundant maroon shale partings and inter-
calations parallel to the bedding planes, Includes
2' core loss, Contains wavelite seam at L2110",

Shale comprises about 35%.
Sample 5 (46' - 521)

L6 521 61 Sandstone, maroon, medium to coarse graired, ferrugie-
nous, contains guartz granules and abundant rarcon
shale vartings Dgrqllel to the bedding planes.
Includes 1'6" core loss. Also contains sporadic
wavelite encrustacions at 511,

521 52150 5n Shale, marcon to pale olive drab,

5215n 2w 2n Sandstone, pale grayish maroon, fine gzrained,



LT T e S

Depth in feet Description

From To  Thickness
Sample 6 (52'7" - 55124)

52wy 5315 1on Sandstone, maroon, fine grained, ferruzinous,
contains sporadic quartz granules,

53t5m  53110M 5n Sandstone, marocon, coarse grained, ferryzinous,
contains guartz granules and abundant maroon shale
partings up to 1/4" in thickness,

53110"  5411" 3n Shale, drab maroon,

541 5L13H 24 Sandstone, mzroon, fine graired, lerruzinous.

Sh3m 5L 10N 7 Shale, drab maroon, contains partings of maroon
fine to coarse grained ferruginous sandstone,

5L110M 55120 LM Sandstone, maroon, coarse grained, ferruginous,

End of Sampling.
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HOLZ LUMB=R: TLi-21la

Date Started: December 18, 1981

Jate Completsd: January 19, 1962

Criller: !N, C., Vaughan, Curningham Core Dpilling & Crouting Co.
Hole alizrment: Vertical
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Page 1
Deseription of Drill Cores

Hole Number: T5-104
Driil Aligmment: N, 55 E. - 15 S, E.
Elevation: 3,425 Date: Seotember 18, 1961, londay
Depth in feet Description

From To

0 516t Overburden

Stgn 7tgu Sandstone, maroon, fine to medium grained,

slightly ferruginous, {Core loss 7")
7'9t 101 Shale and interbedded maroon sandsiocne; shale,

yellowish brown weathered, contains partings of
maroon sandstone, vuggzy. (Core loss 1T11Y)

10t 158" Sandstone, maroon, mediun to coarse :rained,
weathered, friasble, ferruginous, (C.rs loss 11z';

1518 zowgn Sandstone, maroon, fine to medium graiined;
contains maroon clay interbeds, (Corc loss 3'8")

20118n Total Footage Drilled for the Day.

Description of Drill Cores

Hole Number: T5-104
DI‘ill Aligment: N. 55 Eo - 15 S. E.

Flevation: 3,425 Date: September 19, 1963, Tuescday
Depth in feet Description

From To

208w 271 Sandstone, maroon, fine to medium grained,

weathered and fractured, contains maroon clay
interbeds, {(Core loss 3'10")

27 31t Sandstone, maroon, fine to medium grained,
weathered and broken, contains brown shale
interbeds, (3'3" Core loss)

311 3716M Sandstore, maroon, fine to medium grained,
contains section of maroon and pale green shale,
{Core loss LT4M)
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Description of Drill Cores

Hole Number: T5-10A
Drill Alignment: N. 55 E, - 15 S. E.

S

wlevation: 3,425 Date: September 19, 1961, Tuesday
Depth in feet Description
From To
3760 L2 Shale, pale green, clayey and unctuous,
{Core loss 2111M")
LRum f21g9n Sandstone, maeroon, fine grained, non ferruginous,
Lzrgw L 2rm]]n Shale, gray, clayey.
L2111 L3110 Shele, maroon, to pale purple, clayey.,
L3V10" L4 Shale, pale grayish green,
Lo TLN L4 Sandstone, maroon, fine grained,
LL Y1 45T Shaie, grayish green,
L5t L7 Shale, pale grayish maroon, unctuous plactic,

{10 Core loss)

LTt 521 Shale, maroon, contains maroon sancstorne,
' interbeds and several gray shale clay seams,
{Core loss 31'1")

52! YA Shale, zgray, contains rust brown shale partings
and pale yellow shale partings. {Core loss 7")

Shrm 590 Sandstone, gray, fine grained quartzitic,
{Core loss 3'4M)

3L Total Footage Drilled for the Day.
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T5-104 Log of Split Core

Date logged: November 18, 19461

Depth in feet Description

T rom To Thickness

Sample 1 (6! - 151')

61 710" iren Sanastone, maroon, fine to cocarse gzrained, contains
guartz granules, ferruginous, includes 7" core loss,
7110" 107 212n Sandstone rayish maroon, contains rust orown
2 2

shale vartings and irregular manganese partings,
slightly ferruginous. Includes 1'1¥ core loss,
broken,

107 15t 51 Sancstone, maroon, coarse grained, ferruginous
contains cuartz granules and rust brown shale
partings that are also filled with botryoidal
manganese, broken,

Sample 2 (37' - 37'7")

370 37 TH Sandstone, maroon, fine to coarse grained ferruginocus,



“ Description of Drill Cores ' i

Hole Numbar: T5-13A

A
Elevation: 345° Dates September 20, 1961, londey
Depth in feet Description
From . To
10 5! Overburden
5t 50" Sandstone, maroon, cosrse grained, ferruginous;
fractured.
5110% gran Sandstone, meroon, fine grained, ferruginous;
fractured.
gret 1384 Sandetone, fine grained, meroon, ferruginous;
fractured; contains rust brown, weathered clay
and shale seams.
13184 Totel Footage Drilled for the Day.
- Hole Number: TS-13A
Elevation: 3450 Dates September 21, 1961, Tuesday
Cepth in feet Description
From To
138" 14150 Sendstone, marcon, fine grained, ferruginous.
1451 166" Sandstone, maroon, coarse grained, ferruginous;
contains quartz granules, clay gells and rust
brown weathered ehale partings.
16161 17440 Seme as above, badly fractured.
174" 1618 Shale, rust brown; wesathered and fractured, contsins
raroon sandstone intercelations. {Core loss 5")
181'48n sa'm Shale, waroon; conating marcon sandstone inter=—
celetions.
22 2311 Sandstone, maroon, fine grained; badly fractured.
231" 2412 Sendstone, maroon, coarse grained, ferruginous.
-
24130 2512" Shale, maroon. (Core loss 10")



Description of Drill Cores

Hole Numbers: TS-134A

Elevetion: 3450 Detes  September 21, 1961, Tueeday
Depth in feet Description
From To

25 igh 256" Sendctone, maroon, fine grained.

256" 2618" Sendstone, marcon, coarse grrined, conglomersatic,
ferruginous, wvuggy; contaeins cley galls end quartz
grenules.

268" z2! Sandstone, mercon, fine to coarse grained; contains

meroon shele partings. (Core loss 4'6")
22! zg1zy Snale, gzray, contsins rust brown partings.

zgrzh 23161 Send:stone, pale greyish grown, fine greined,
conteine ruet brown partings.

28160 38'8.5" Sendstone, pele gray to grayish maroon.

2818.5%  L4O'4N Shele, mercon to purple, contains rust qo£;n
partings. J

4oty 4o Shele, gray unctuous. (Core losa 1')

4 4zt Sendstone, maroon, fine grained.

4z L4xom Sandstone, maroon, coarse grained, vuggy.

Lzapn 4ot Shale, gray, unctuous. (4!10" Core Loss)}

4on" 502" Shale, ocher, frectured.

502" 516" Sendstone, greyish brown, fine zreined, contains

ocher shale pertings; highly fractured.

516" 5281 Sendstone, pale grey to psle grayish-ten, fine
grained.

5218% Bh N Sandetone, peale gray to pale brown, sandy.

54197 57¢ Sandstone, pale grayieh green, shealy; conteains

rust brown partings.

57" 61! Sandetone, pale grayish green, fine greined; conteins
rust brown shele partings; rust brown motilings
possibly caused by weathering of pyrite crystels.
Last 2 fect conteins eporadic¢ plant fossile.

L7y Total Footmre Drilled for the Day.
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Lescription of Lrill Cores

Hole Ulumber: T5-134

Elevetion: 34350 Dete: Sentember 22, 19¢1, Fridey
Depth in feet Descripntion
Freom To
61! b2t Sendstone, grayish brown, fine grained.
L .E2 g2 Sendetone, maroon, fine greined.
62t 6510 Shale, marcon. {Core losa %!, all lost)
651" 65'6" Sendstone, light brown, fine greined.
6516" 66! Szndstone, groy contains rust brown chule
purtings.
&6 Y& Sendstone, maroon, contsins maroon shale partings

and gruyieh green clay gsells.

67! 67's" Sendstone, greyieh maroon, fine greined.

6754 7150 Shele, greenish grey; contains rust brown clay
pertings esnd grey, fine greined ssndctone
intercaletions.

7159 7110 Sendstone, grey, fine grained.

71100 T7ve" Shele, grey to vele greyish green; conteins
licht brown fine greined sendstone intercaletions

end rust brown shale pertings. (Core loss 4')

776" 78 Sendctone, light brown, fine grained; cornteins
chale partings and rust brown.

781 75994 Sendctone, pele grey, fine gruined, qusrtzite;
contains rust brown clay partinge.

TeoH 804N Sandsfone, pale gray white to brown, fine gruined.
acryn aa! Sandstone, meroon, fine grained, ferrugincus,

contains sbundant waroeon shele partings and inter-
beds; bedly broken. (Core loss 1'5")

27! Total Footare Lrilled for the Lay.

I )



Hole Numbert TS-13A

Elevetion: 2450

Description of Drill Cores

Detet Sentexber 25, 1061, londey

Depth in feet Degeription
From To
£a! g2! Sandstone, maroon, fine grained, ferrugincus,
contains abundent meroon shele partinge snd inter-
bede badly broken. (Coére loss 13%6%)
g2t o4 ! Sandetone, maroon, fine grained, ferrugincus,
contains widely scattered cley gells and wmaroon
shale partinge.
Q4! Q74" Sandstore, brown to pale gray, fine te medium

TR 989"

98!911 99!10"

99!10‘1 100!9"

grained, broken and westhered; contsins meroen
shale intercelations and yellow brown clay galls.
(Core loss 9")

Sendstone, maroon, fine to medium greained,
quartzitic; certeains rust brown shale partings
broken and weasthered.

Sendstone, maroon, coarse grainedlconglomeratic;
containe sbundent quartz granules. ({lost 1'
ferruginous )

Sendstone, meroon, fine greined, conteins gray
shale partings.

100 19" 101'6" Shale, gray. (Core loss 8")
101 6" 105'10" Sandstone, gray, fine grained.
103'10" 107! Intercelated sandstone and shale; ssndstone gray
to greyish white, fine greined; ghele, black.
19! Totel Footage Drilled for the Day.
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TE=124
Pege 2

Depth in feet Description

From To

5318n  5515n Sandstone, maroon, coarse grained, conglomeratic
highly ferruginous, contains quartz zranules and
clay galls.

55t5m 56 Shale, maroon, centalns 4" core loss,

561 56150 Sandstone, marocn, coarse grained, conglomeratic
Terruginous, contains guartz granules anz clay
galls, fossiliferous, contains unidentifiable
ostracods,

5615m 569 Sandstor.e, marcon, coarse grained shaly, contains
rust brown and marcon shale partings,

56191n  57rhHM Shale, pale green to olive drab,

Sample 4 (57'6" ~ 59t5%)

5716n 5950 Sendstone, maroon, fine to coarse grained,
conglomeratic, ferruginous, contains scatiered
quarctz granules and unidentifiable fossils,

5915 014 Sandstone, drab brownish maroon, fine grained,
contains abundant maroon and drab brown shazle partings,

60140 61t Shale, pale maroon, includes 6" core loss,

61" 6113n Sandstone, grayish marcon, fine grained,

L1321 Sandstene drab maroon, fine grained, contains abundant
maroon shale interbeds and partings parallel to
bedding vlanes,

21 g1un Shale, pale trown.

Sample 5 (6214 ~ 65110")

214 55110 Sandstone, maroon, coarse grained, conglomeratic
ferruginous, contains quartz granuies and sporadis
wnite phoschatic fossils,

651101 o611 Shale, pale brown,

66T 6913 Shale, grayish maroon, contains interveds of grayish
maroon, fine grained sandstcone., Includes 11" cors
lossae

6G13n G 21 Shale, nals zrayish green,

o120 70 18" Sandstone,; maroon, fine to coarsz grained, contains

interbeds of maroon shale,
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Depth in feet Description

From To

701130 21N Shale, pale grayish green,

7211w 723130 Shale, pale olive drab toc pale brown,

Sample & (73'3% - 77'9")

73130 916N Sandstone, meroon, coarse grained, conglonmeratic
nighly ferruginous, contains quartz granules and
wnite phosphatic unidentifiable brachiopod remains,.

774 831qn See log.

Sample 7 (837" - 83110")

g3ryn 831101 Sandstone, mazroon, coarse grained highly ferruginous
calitie,

83110" 125t+11n See log.

Sample 8 (125111 ~ 12717n)
125111 126120 Sandstoneg, maroon, fine grained ferruginous,

126120 127130
126130 12717n

12’? l‘?ll 155'5"

Shale, greenish gray.
Sandstone, maroon, fine grained, ferruginous,

See log,
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HOLE NUMBZER: To6~124

Depth in feet Description

From To Thickness

Clinton formaticn
0 4! 4t Overburden, contains loose weathered blocks of
Terruginous sandstone,

L1 137 9t Sandstone, maroon, medium to coarse grained,
conglomeratic, ferruginous; broken and weathered,
includes 5' core loss,

15¢ 15160 fn Shale, maroon.

1516m 1615 iin Sandstone, maroon, coarse grained, ferruginous
conglomeratic; badly brokena

16151 231 ru Shale, maroon, includes 6'6" core loss,

231 2315n 5n Sancstone, pale graylish maroon, fine grained,

23150 231]on 5 Sandstone, pale yellowish brown to tan, fine
grained,

23110 31t YAVA Shale, npale greenish gray to pale greenish yellow,

weathered; includes 5' core loss,

31 3640 5t Shale, pale gzreenish gray to pale olive drab to
pale brown; contains rust brown paper thin shale
partings parallel to the bedding planes, QContains
widely scattered intercalations of pale gray fine
grained sandstone, includes 9" core loss.

EI AL AL 51 Shale, gray, unctucus; contains gray fine grained
shaly sandstone partings.

LLTLN L3¢ lmgn Shale, rust brown to grayish green, contains rust
brown sandstone rartings,

L3t Lhnn RV Shale, pale grayish purple to grayish zreen,

LLvLw o pgaan 2111n Shale, vale rust brown; contains partings of marcon
and grayish green shale,

L713"  L7tén 3u Sandstone, marcon, fine grained, thin bedded, broken,
L6t L78n 21 Sandstone, gray to dull grayish maroon, fine grained.
Ly L8t LY Sandstone, brown, fine grained platy.’

LBt L8t1g8H gn Sandstone, pale grayish maroon, fine grained,
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Page 5
Depth in feet Description
From To_ Thickness
Lgtgn L9 rgn 1t Shale, grayish green, includes 8" core loss,
Lgrgn 511 IR Sandstone, maroon, fine to coarse gralned,
ferrugirous; contains cuartz granules,
511 s512n 2n Sandstone, marcon, fine to medium grained;
contains maroon shale partings.
51 2n  52110n 1gn Sandstone, maroon, fine grained, highly f errugincus,
52110" 5515 2tqn Sandstone, marcon, coarse grained, conglomesratic

ferrus*no”s- contains cuartz granules, cley zalls

ard very widely scattered maroon saale partings;
conglomaratic,

55t 541 T Shale, marcon; contains scattered marcon coarse
grained ferruginous sandstone partings, includes
4" core loss,

561 5615n 5n Sezndstons, mzroon, coarse grained, conglomeratic
ferruzinous,
56150 5619n 2n Szndstone, maroon, fine grained,
5619n g 11 Shale, pale grayish green to olive drab,
5716 5g1n 170 Sandstone, maroon, coarse grained, conzlomeratic

ferruginous; contains quartz granules,

5311n 60 r2n 1 Sandstone and interbedded shale; sandstone maroon

fine grainsd, slizhtly ferruginous; contains abunJant
marocen shale partings parallel to the bedding planes,

6012n 411 1on Shale, maroen, includes 6" core loc:,
611 6211n 1n Sandstone and interbedded shale; sandstorne maroor,

fine graired, slightly ferruginous; contains abuniant
maroon shale partings and intercalavions,

6211 H2r5n L Shale, maroon to olive drab,
ga15n 62180 3n Sancstene, maroon, fire grained ferrugincus,
218" 651107 312n Sandstone, maroon, coarse grained; conglomeraiic

contains quartz granules, highly ferruginous,

65110 67110% 21 Sandstone, maroon, fine grained, s
containg abundant mazroon shale par
the bedding planes,.

1' tly ferrusinous,
J‘ o
v =]

zh
ng parallel to



Depth in feet Descripticn

From To___ Thickness

67110 691 1t1om Shale, marcon, includes 1! core loss,

691 65131 3n Sandstone, maroon, fine grained, contains abundant
marocn shale partings,

69r3n  g011M 1on Shale, gray to maroon to olive drab.

7011 7Ootn 6" Sandstone, drab marcon, fine grained, shaly,

70w 7lige 1w Shale, gray to grayish green.

71tgn 7312w 1r6M Shale, pale olive drab to light brown to grayish
marocn; contains interbeds of marcon Tine grained
sandstone,

73120 pgn Lign Sandstone, maroon, coarse grained, ferruginous
contains quartz gzranules and contained wuzs caused
oy leachinz of clay galls, fossiliferous, contalins
bracnhiopods and ostracods, fossils are white possibly
phosphatic,

7716 781 6" Shale, gray to gzrayish brown.

781 7913n 1:3n Shale, gray to marocn,

793" 803 1t Sandstone, grayish purple, fine grained.

got3nr g1t gn Snhale, gray to grayish green; contains partings of
vale gray, fine grained sandsitone,

gl g2110n 1on Shale, maroon, contains partings of grayish green
shale and grayish fine grained sandstcne,

g2t10" 8211t v Sandstone, maroon, fine grained, ferruginous,

g2111" g3 gn Shale, gray to grayish maroon, sandy, contains gray
fine grained sandstone intercalations,

g317u g3t1on 3n Sandstons, reddish marcen, calitic ferruginous,

g311on  gh2w L" Sandstone, gray, fine grained, guartzite.

gLren gLr1o" gn Shale, gray to grayish green; contains irregular
partings of pale gray fine grained cuartzite
sandstone,

8L110" 86! Lrz2n Shale, gray to grayish brown, contains 2% interted

of gray fine grained sandstone, includes 6" core loss,
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Depth in feet Description

From To  Thickness

861 91t 51 Sandstone, gray to grayish marcon, fine grained
guartzitic,

91 ALY 5t Sandstene, maroon, fine to mediwn grained,
ferruginous.,

Glesm G221 T Shale, gray to grayish green, unctucus,

921 931 1 Sandstone, pale gray, fine grained, quartzitic.

931 QL3N 113n Shale, gray to grayish black, contains pale gray
fine grained partings of quartzite,

94130 ggron Lren Sandstone, grayish green, fine grained, gquartzitic,
contains pale green irregular shale pariings,

9819 1001'3" 1M Sandstone, gray to pale grayish green, fine grainsd,
gquarvzitic; contains irregular pale green shzle
parcvings.

10013 101" gh Sandstone, grayish green, fine grained,

1011 1031190 21gn Sandstone, grayish green; c¢ontains maroon flecks fine
grained; quartzitic,

103gm 1051 1r1on Sandstcne, pale grayilsh green, fine grained, contains
irregular pale green shale partings,

105t 105110 3" Sandstone, marcon, {ine grained.

105110™ 1061 3n 5n Sandstone, pale grayish green, fine grained,

1063 107! gn Sandstone, pale grayish maroon, fine grained.

1071 107mum L Shale, grayish green, unctuocus.

107, 1075 i Quartzite, pale gray, fine grained,

107115 107t6M i Shale, gray.

10716 108t g Quartzite, pale gray, fine grained,

1088 BReARE 11w Shale, grayish black, contains irregular interbeds
of grayish white, fine grained quartezite,

1091r 10915 LM Quartzite, pale grayish white, fine grained,

1091t5m 1104 11 Guartzite, pale gray te grayish green, fine grained;

~
fa)
contains gray and graylish green shale partings,



Depith in feet Description
From To Thickness

1104 1101'9n 51 Shale, pale green and marcon,

11019 110Y'10n L Quartzite, pale gray, fine grained,

110110" 1101t11n 1in Shale, pale green and maroon,

11011 1121100 111w Quartzite, pale gray, fine grained,

13210 1197 orgn Shale, zrayish black to gravish green; contains

y DA [ u [~} H
irregular partings, intercalations azd lenses of
pale gray teo grayish grecen fine grained guartzitil
sandstone. Also contains widely scattered plant
fossils,

119y 11919,5" 2,5"  Sandstone, marcon, fine to mediumn pgrained; contains
maroon: shale partings,

119t9,5m 121 v 119,5" Shale, grayish black to dull grayish greenj; conteins

5 g Y &5 ]
scattered irregular partings and lenses of pale gray
fine grained guartzitic sandstone,

121mn 123vyn 21 Shale, greenish gray, contains interbeds and lenses

3y o (=) y,
of maroon, fire grained sandstone and gray fine
grained sandsicne.

123t 12,120 T Sandstone, maroon, fine gralned, ferrugincus, contains
marcon shale partings,

124120 125100 1won Shale, greenish zray; contains interbeds and lenses
of maroon fine grained sandstone and gray, fine
grained guartzitic sandstone,

125111 12602 3n Sandstone, maroon, fine grained, ferruginous. :

12620 126130 IRl Shale, greenish zray.

12613n 12770 LM Sandstone, marcon, fine grained, slightly ferruginous.

127w 128, gn Sandstone, maroon, fine grained, contains greenich
gray to maroon shale partings,

1284 13104 3 Shale, greenish gray to grayish black; coniains
intercalations and irregular lenses of pale gray to
grayish green, fine grained quartzitic sandstone,
ineludes 3" core gain,

131t 131y 3n Sandstone, gray, fine grained, guartzitiec,



Te-124

Page G
Depth in feet pPescription
From To____Thickness
1317w 134'3" 21gn Shale, pale grayish black; contains thin lenses
of pale grey guartzitic sandstonae,
1343 1340 IRl Sandstone, marcon, fine to medium grained,
134141 13716n 312u Shale, zray to grayish black,
13716 137170 1w Sandstone, gray, coarse gra‘ned, quartzitic.
137 1381 b Shale, gzrayish black; contains a 1" interbed of

ci
gray, coarse grained sandstone,

1387 13850 bl Sendstone, grey to zravish black, coarss grained,
contains jounded gquariz gramules,

138150 13G1gn 1ren Shale, zrayish black, sandy.

1396 139r111n 51 Sandsvone, grayish vhite fine grained,

139111 140124 3n Sandstcne, grayish white, coarse grained consleomeratic,
guartzitic; contains black l neﬂton T osramales,

poen 1hnen 2t Sandstcre zray to pole grayish groern, e oo N
guartzitic, contains scatisred pyrite stringers,
Last 12 inches contains irreguler partings of pale
green snzle,

14120 1h9G0 srqn Sardstone, pale gray to groyish black, fine o
medium grained; conteins irregular partings and
interbeds of grayish black shale.

1459 15011t lran Shale, black,

150111% 15218% lrgn Sandstone, pale grayvish black to 7r~v1sq brown

irregular pyrite stringers ard

pl
mottled, convains irreg
scattered pyritized rossils; guartzitic,
152181 15515 2163 Quartzite, pale grayish white, fin
14 r stringers of »
of pale green shale at l5a'lO”.
(L% core loss, left in nole)

Bottor of hole,



Drill aligmment:
Date started:

HOLE NUMBER: Té&-154

Vertical
Tuesday, November 7, 1961

Date completed: Wednesday, November 15, 1961

Driller:

M, C. Vaughan, Cunningham Core Drilling and Grouting Co,

Location Bearing N 55° W from T6-124 460!

Depth in feet

Description

From Tc  Thickpess
or L1 Lt Overvurden
Lt 7rion 3110% Sancstone, grayish maroon, fine to medium grained,
slightly ferrugincus, weathered; cortains yellowish
brown clay galls and contained wvugs, Includes 15
core loss,
7110m 10t A VAL Sandstone, marocon, medium grained, contains scorsziic
guartz grznules, ferrugircus, Incluces 7" core 1233,
10t 15150 5154 Sandstone, marcen, fine grained, slightly ferrugincus;
broken and wziatherad; dncludes L'7Y core loss,

15150 18r¥ PAVAL Sandstone, maroon, coarse grained, guartzitic,
slightly ferruginous, Triable; conteins abundant
rounded guartz grerules, Includes 6" core loss,

18r 18r4n L Shale, grayish maroon.

184 201MGw 2r5u Sendstone, marcon, fine to coarse grained, fer *u";“ous;

: contains abufﬂant maroon shale partings parallel to the
bedding planes, Includes 9" core loss,

2039 251 L3 Sandstone, maroon, ccarse grained, conglomeratic,
ferruginous, contains abundant rounded quartz grarnules
ancd sporadic contained vugs. Includes 1' core loss,

25t 2616M 1M Shale, pale grayish green to marcon, contains scatiered
interbeds of marcon, fine grained sandstone in the
lower 3 inches, Includes &" core loss,

2616 261101 I Sandstone, pale grayish marocn, fine grained, slightly
ferruginous.

26010 3016M 318n Sandstone, maroon, fine to coarse graired, ferrucincus,
broken; contains partings of maroon shale and marcon

e L clay galls. Includes 1'9" core loss,

20'e" 31w 1on Shale, pale olive drab tc pale grayish tan.

31t 320 1t Sandstone, pale Tust brown to grayish brown, fine

grained; abundantly fossiliferous, includes ostracods:
Mostigobolbina sp and Zygcsella sp; crinoid stems all
in excellent preservation,
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Page 2

Depth in feet Description

From To  Thickness

3214 34t 1ige Shale, pale tan to grayish tan, includes 13"
core loss,

340 34120 2n Sandstone, pale grayish brown to rusv brown,
fine grained,

3pr2n 3,90 7 Shale, pale gray to pale grayish tan.

3409 351 4" Sardstore, pale grayish tan, fine grained,

3511 39160 L5 Shale, pale gray to pale grayish tan, includes
2' core loss,

39t6n 5516 161 Shale, gray to grayish green, contains interbeds

lenses and partings of gray fine graired sandstone
ard gray fine grained shaly sardstone,

55v6m 531 36" Stale, yellowish tan to pale brown,

597 59t I Shale, greenish gray.

5qt, 5G1460 2n Sandstone, pale gray to pale grayish tan, fine
grained.

59168 591gm 3n Shale, pale olive drab to pale gray.

59tgn 5Ge1Qn 1u Sandsione, vale gray to pale grayish tan, fine
grained,

59110n  6111n 13" Shale, grayish maroon to pinkish maroon to olive

drab; contains interbeds of grayish mzroon fine
grained sandstone,

6Ll 618" " Sandstone, marcon, coarse grained, ferruginous,
contains quartz granules and clay galls, vugay.

g11gn 111" 3" Shale, olive drab to maroon,.

LTI 6L 2w 2130 Sandstone, marcon, fine to medium grained, ferruginous,
contains widely scattered maroon shale partinzs
parallel to the bedding planes., Includes 4" core
loss,

pu12t  bbI2n 21t Sandstone, marcon, coarse grained, highly ferruginous,
conglomeratic; contains quartz granules, includes 2%
core gain,

612" HH I 2 Shale, yellowish tan.

oy bH15T v Shale, drab maroon,
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Page 3
“

Depth in feet Description

from To Thickness

AU A VA 2 Sandstone, marcon, coarse grained, ferruginous,

gétyn A7t 5H Shale, olive green to maroon, contains 1/4 inch
parting of marcon fine grained ferruginous sand-—
stone a2t 671,

671 b712n 2n Shale, maroon,.

g712n  g716n 4" Sandstone, maroon, coarse grained, ferruginous,
contalins quartz granules, conglomeratic.

e7v6m LM 4Lt Shale, maroon, contains 1/4 inch to 1 inch thick
interbeds of maroon fine grained ferruginous sanc-
stones,

716N gHI3N 3gn Eandstone, maroon, coarse grained, conglomeratic,
hignly ferruginous, contains large guartz granules
rust brown clay pellets and contained vugs,

75131 gh614n 13m0 Shale, maroon, contains 1" interbeds of grayish
maroon fine grainsd sandstone.

7616 616,50 0.5" Shale, grayish green,

766,51 76110" 3.5M Sandstone, drab maroon, fine grained, shaly,
contains abundant marcon shale partings.

76110"  772n Lh Sandstone, drab maroon to grayish maroon, fine grained,

YA A AL SR Shale, pale greenish gray,

7783n g71gn én Sandstone, maroon, fine grained, shaly, contains
abundant maroon shale partings parallel to the
bedding planes,

AR 781100 11 Shale, clive drab to grayish maroon,

78110" 79 2n Sandstene, maroon, fine grained, shaly, contains
abundant partings of maroon shale,

79! 79134 3 Shale greenish gray.

79130 7gtQu én Shale, maroon, contains pariings of maroon fine
grained sandstone parallel to the bedding planes,

J919n - gor1M 4n Shale, grayish green.

g0r"r  80owgn g Sandstone, maroon, firne grained, shaly, contains

abundant mearoon shale partings,



~

T5-154

Page 4

Depth in feet Description

From Tc _ Thickness

gotgn  82t9u 21 Shale, greenish zray to maroon, contains 1/2 inch
interbeds of maroon, fine grained ferruginous
sandstone,

g219n 851 3'3n Sahdstone, maroon, fine grained, ferruginous,
contzins sporadic partings of maroon and pale
green shale varallel t¢ the bedding plancs,

851 B6 110" 110 Sandstone, maroon, fine to coarse grained,
ferruginous, contains quartz granules, conglomeratic
contains sporadic marcon and grayish green shale
partings parallel to the bedding planes.

g6t1on  By15n 7 Shale, yellowish tan to yellowish brown,

Bytsh  ggrign 2t5n Shale, greenish gray, contains sporadic lenses of
greenish grey fine grained shaly quartzitic sandstone
and spoeradlic maroon shale partings,

89110 92110 31 Shale, pale greenish gray.

Q2110" 931 z2n Sandstone, marcon, coarse grained, conglomeratic,
highly ferruginous; contains quartz granules,

93t 9315 5n Shale, greenish gzray.

93tsm 9314w 1v Sandstone, grayish maroon, fine grained,

9316 Qi 6N 1t Shale, greenish gray.

QLIE" 95! X Quartzite, greenish gray, fine grzined, 5" left in

hole,

End of hole,



TE-154

Page 5
N
Log of Split Core T6-154
b Date Logged: November 18, 1961

Depth in feet Description

From To _ Thickness
Sample 1 (4! - 10')

L 7110M 310" Sandstone, grayish maroon, fine to medium grained,
ferruginous, weathered; contains yellowish brown
clay galls and contained vugs, Includes 119"
core 1oss,

710" 10t 2121 Sandstone, maroon, medium grained, contains sporadic
quartz granules, ferruginous, includes 7" core loss,

101 15150 gigh Not sampled. See log.

Sample 2 (15t5" —~ 2016M)

15¢5n  18¢ 2 Sandstone, maroon, coarse grained, guartzitic
ferruginous, friable, contains abundant rounded
cuartz grains, includes 1'6" core loss,

181 1840 L Shale, grayish maroon,

-

181 20191 219n Sandstone, maroon, fine grained to coarse grained,
ferruginous; contains roughly 40% marcon shale
partings parallel to the bedding planes, includes
9" core loss,

Sample 3 (209" - 251},

201r9n 251 L13n Sandstene, maroon, coarse grained, conglomeratic,
ferruginous, contains abundant rounded cuartz
granules and sporadic contained vugs. Includes
1! core loss probably maroon shale,

251 266" 116n Not sampled see log.

Sample 4 {26'6" - 301)

266" 26100 L Sandstone, pale grayish maroon, fine grained,
ferruginous.,

26110 30! 3120 Sandstone, maroon, fine to coarse grained, ferruginous,
broxen, contains partings of maroon shale and marocon
clay galls,

30¢ 61r1n 31¢1n See log.



Depth in feet Description

From To Thickness

Sample 5 (6L11" - 6612)

61114 HLrgn n Sandstone, maroon, coarse grained, ferruginous,
contains guartz granules and clay galls, wvugzy.

glign 6111l 3u Shale, olive drab to maroon.

61111 bL12 213n Sandstone, maroon, fine to medium grained,
ferruginous, contains widely scattersd marocon
shale partings parallel to the bedding planes,
Includes 4" core loss,

BLI2M  pHI2 21 Sandstone, maroon, coarse grained, highly
ferruginous, conglomeratic, contains guartz
granules, includes 2% core gain,

gbr2n g2 1 Shale, vellowish tan to olive green to maroon,
contains 2" interved of maroon ccarsc grained
ferruginous sandstone at 66'5", not sampled
see log,.

Sample 6 (6712" - 67'61)

YAPAEN VAL L Sandstone, maroon, coarse grained, ferruginous,
contains quartz granules, conglomeratic,

6716 71110M Ly Shale, maroon, contains 1/4 inch to 1" interbeds
of maroon, fine grained ferruginous sandstone,
not sampled,

Sample 7 (71'10" - 75131)
FL110m  g5an 3150 Sandstone, maroon, fine to coarse grained, highly

ferruginous, conglomeratic, contains large cuartz
granules and contained wvugs,

75130 8ot Lr1ow Shale, greenish gray to olive drab contains interbveds
and partings of maroon, fine grained shaly sandstone.

Sample 8 ( 80TL" - 801G )

8011t 809N gn Sandstcne, marcon, fine grained, shealy, contains
abundant maroon shale partings,

Sample G (819" ~ 8617M)
g2rgn  gayn 21 Sandstone, marcon, fine grained, ferrugincus, contains

maroon and pale green shale partings parallel to the
hedding planes,



.

Depth in feet Description

From To  Thickness

851, go1ym 13 Sandstone, maroon, fine to coarse grained,
ferrugirous, contains maroon shale mariings
parallel to the bedding planes.

8oy 931100 6130 Shale pale greenish gray ccr'-ins lenscs of greenish
gray fine grained sandstone. See log for detailed
description.
Sample 10 (92110 - 931)

Q2110 931 2n Sandstone, maroon, coarse grained, conglomeratie,

T
highly ferruginous, contains quartz granules.

End of Sampling on T4-15A.



To-174
Page 1
HOLE NUIEER: T6-174A
Hole Alignment: Vertical
Date started: November 20, 19561
Date completed: November 30, 1961
Driller: M, C, Vaughsn, Cunningham Core Drilling Co,
Depth in feet Description
From To__ Thickness
0 3¢ 3t Cverburden, workable Clinton.
31 713 Lr3n Sandstone, maroon, coarse zrained, ferruginous,
weathered, friable; contains guartz granules and

vugse. <tncludes 1'% core loss,

grén 1215w 3111w Sandsicne, drab marcorn, fine grained, slizhtly
ferrvginous; contains sporadic partings of rusi
brown shale,

1215 161 3 Shale, drab marcon, contains interbeds of marcon

fine graired ferruginous sandstone. Includes 2!
core loss,

161 17181 lrgn Sandstone, drab maroon, fine grained,
17180 1Gw2en 1110 Sandstone, drab gray to drab maroon, fine grained,
1gm2n 211 1110 Shale, pale tan to grayish tan, Includes 1t&"
core loss,
21! 21160 g Shale, vale greenish gray,
2106 21mpn 1w Sancdstone, pale grayish white, fine pgrained, fossili-

ferous; includes trilobites.

211w 25120 37n Shale, tan to pale grayish brown; contains partings
cf rust brown sandy shale parallel to the bedding
planes,

25121 264N 12t Shale, tan,

26 n 26150 i Sandsteone, pale tan, fine grained, shaly.

26150 291 1ryn Shale, tzn, unctucus,

271 351 g1 Shale, gzreenish gray, unctuous, includes 1'7" core
loss,

25t L5i1n 1010 Shale, vale greenish gray, unctucus, contains sporadic

-
partings and irregular lenses of pale gray, fine
grained shaly cuartzitic sandstone,

L5v1n L8t 2111 Shale, pale brown to tan, contains pale tan fine
graired sandstone partings and irregular lenses,
Includes 8" core loss,
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rfaze 2
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Depth in feet Description

From To___Thickness

L81 L9130 113n Sandstone, maroorn, fine to medium graired ferruginous,
contains rertinzs of marcon shale paraliel to the
bedding Dlanvu.

L4931t 5oagn 31n Sandstcng, maroon, fine to coarse sreinea, nizhly
ferruginous, contains quartz granulss and maroon
clay zalls,

52110™ 5312n Lo Shale, maroorn,

5312n gi1on lragn Sandstcne, marcon, coarse grained, ferruzinous,
contains guartz granules and containcd wugzs,

S54110" 55150 ™ Sandstone, marocon, fine grained, ferruginous,

5515n 60t L Sandstone, marocon, fine te mediun groained, contains
abundant {(L0% - 50%) marcon shale and olive drab
shale partings and lenses parallel to the bedding
planes, Includes 3" core loss,

E01 €4 15N Lrsn Sandstone, marcon, coarse zrained, conglomeratic,
highly ferrugincus, contains gquartz granules and
scattered white phesphatic fessils,

gLrsn 70130 Srion Shale, marcon, broken, contains interbeds of maroon
fine grained sandstone,

730 7L 10n Shale, pale zreenish gray,

FLILT LY 3n Sardstone, maroon, fine grained, ferruginous, contains
maroon shale partings,

ARV AR el 6n Shale, greenish gray and maroon, contains 1" parting
of maroon, fire zrained, ferruginous sendsiene ab
?116n.

7110 720 2n Sandstone, marocon, fine grained [erruginous,

72 72350 5 Shale, olive drab,

F2150 754 2mn Sandstone, maroon, fine grained ferrurincus.

751 75110" 1on Sandstcne, marcon, coarse grained, ferrug
tains white phospratic feossil fragments and quartz
granules,

75110 781 2120 Shele, pale greerish gray, contains lenses of fine

grained gray quartzitic sandstone.




To-174

Page 3
T6~17A Log of Split Core
Date logged: December 9, 1961
Depth in feet Description
From Te  Thickness
Sample 1(3' - 7!3")
31 yARL Li3n Sandstone, mzroon, ccarse grained, ferruzinous,

weathered, contains gquartz granules amd wugs,
Aignly frisble, Includes 1! core loss,

Semple 2 (816" — 12151)

grgn 12151 31lm Sandstone, drab marocn, fine grained, ferruzinous
contains sporadic partings of rust brown shale,

Sample 3 (48! -~ 4915%)

LT Lorsn 1sn Sancstone, maroon, fine grained, ferruginocus,
cortains maroon shale partings parallel to the
bedding planes,

S”nple L (49'5" - 55f‘}'+ll)
4915m 50160 111 Sandstone, maroon, fine grained, ferruginous.
1

5ot 53¢ 2 6" Sardstone, marcon, firne grainad, ferruginous,
contains widely sporadic maroon shale partings
and wavelite encrustations,

531 s3w4n L Shale, drab brownish marocon,

s3t4m S4t1en 116M Sendstone, marcon, coarse grained, ferruginous,
contains quartz granules, contained vugs and
white phosphatic fossil remains,

S5L110" 554N é" Sandstone, marcon, fine grained, ferruginocus.,
Sample 5 (60" - 6415M)

60t bl 150 Lrsn Sandstone, marcon, fine to coarse grained, highly
ferrugincus; contains quartz granules and white
phosphatic fossils,

Sample & (72154 — 75110M)

715N qLgn 23 Sendstone, marcon, fine grained, ferruginous,
contains spercdic wavelite encrustations at 731109,

FL180 751100 le2n Sandstone, marocon, coarse grained, I :rrugirous,
contains white phosphatic fossil shells and cuarce
granules.,




L

HOLE HULEER: T7-LA

Drill alignment N68E runners

15WW off wvertical
Date started: Wednesday, Nov. 8, 1961
Date completed: Thursday, Nov. 9, 1961
Driller: Vaughan Bowling, Cunningham Core
Drilling and Grouting Co.

Depth in feet Description
From To Thickness
o1 11 i1 Overvurden, includes red soil and particles of

clinton float.

11 13110n 2110 Shale, pale greenish gray, contains paper thin
partings of pale yellow sandy shalee.

13110n 1710 31461 Shale, pale yellowish brown to pale tan; con-
tains sporadic lenses of vhite fine to medium
grained quartzitic sandstone. Includes 7% core

1055.
17m 1717 3" Shale, brown.
17vye 19100 154 Sandstone, grayish maroon, fine grained, slightly

ferruginous, wvuggy, fractured and broken. Includes
9" core loss.

1910m 2416 516m Sandstone, marocn, fine to coarse grained ferru-
ginous, contains guartz granules and maroon clay
galls; fractured, includes 116" core loss.

2pr6n 2190 an Sandstone, rust brown, fine grained.

2190 251 3n Sandstone, pale grayish white to grayish marocn,
fine zgrained.

251 2513n 3u Conglomeratic sandstone, contains rounded cuartz
pebbles and granules set in a rust brown silty
sandstone matrixe.

2513n 514N 3n Sandstone, conglomeratic, contains rounded cuartz
pebbles and granules set in a matrix of pale ~ray
tc rust brown clayey silt.

2516m 28130 219n (uartzite, pale grayish white, fine graincd, contains
sporadic paper thin reddish brown irreguler shale
partings.

28131 2gt7u I Clay, gray.

28t 2013n gn Quartzite, pale grayish wvhite, fine grained, con-

tains sporadic paper thin reddish brown irregular
shale partings.
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Paze 2
~
Depth in feet Description
From To Thickness

2913 291g9n en Sandstone conglomeratic, rust brown, coarse
grained; contains irregular argular frazments
of grayish white fine grained quartzite.

25191 301 2n sn uartzite, pale grayish white to drab maroon gray,
fine zrained; contains manganese stained shale
partings.

3012w 3Q4Lm 2n Shale, pale browm.

30150 3018% LH Quartzite, gray to grayish white, fine grained con-
tains intercalations of gray shale. :

301" 31 1 Shale, gray.

31gt 3118.5¢ 0.5" (uartzite, gray to grayish white, fine zrained.

3118.5n32t3n0 6.5"  Shale, gray.

32130 3214.50 l.5" Quartzite, pele grayish white, fine grained.

32tL 5N 1t5,.5n Shale, gray; includes 116" core loss. Znd of hole,

Log of Split Core
date logged Nov. 11, 1981
Sample 1 (19t - 2476n)
19t 2L 16N Srée Sardstone, maroon, fine to coarse grained, ferru-

%
-

ginous, contains quartz granules and maroon clay
galls, fractured; includes 1'6% core loss.
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Overburden,

Clinton formation:
Sandegtone, ferrugincus, coarse grained,
Shale, pale dreb, garoon,
Sandstone, marvon Lo gray, liw in iron,
Sandstone, drab-marcoon, low in iron.
Shale, maroon, weathered,
Sandstone shaly, slightly ferrugincus,
ocandstone, ferruginous, coarse grained,
Sandstone, ferruginous, fine ¢rainea, obroxen.
Sandstone, shale, ad clay, gray o brown.
Sandstona, f{erruginous, fine t¢ nedium gralned.
Shaie and sandstone,gray 'o brown,
Sardsrone, ferruginous, graylsh maroon.
Shale, gray to greeninh-gray, few thin brown sands.
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Cnemical vomposition

Fe:

Gub7
8470
13.%
19.99
22,65
21,76

i

P: &

0. 114
J. 068
0.074
04142
n,182
9,232

Prepared by,w, A, Mcon anu b, N, Cooper
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LUG OF CUKe HOLE T7-4A
T —D-e-pzh; T 7 7 7 Thickness - -
From To Ft. In, Formation and lithologic character
Ft. In. Ft. Ine
0 1 11 O 1l 0 Overburden; red soll amd ferruginous sandstcne float.
11 ¢ 17 7 6 7 Clinton (Rose Hill) formation: Shale, yellowlan to
brown, sandy, fossiliferoua,
17 7 19 © 1 5 Sandgtons, graylsh brown, elightly ferruginoua.
19 o 2 6 5 6 Sendstone, ferruginous, cosree grained,
2, A 8B 3 3 9 Sandstone and conglomerate, gray to brown.
28 3 28 7 4 Clay, gray.
287 30 2 1 7 San istones and quartzite, gray to bram,
30 2 30 4 _ 2 Shale, pale brown,
32 4 34 0 1 8 " uartzite, sardistone and shale, grey.
CheMICAL AMALYSIS
Fe P
19 0 2 b 5§ 6 16,60 0. 206

Log prepared by, William A, Moon

and B, N, Coopsr
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LG O CORk HOLE 74
Depths _

From To Lhicknees Formation and lithologlc character
Ft. Ln. Ft. In, Ft, In,

0 0 16 N 10 0 Overburden (workable Clinton sardstone).

Clinten formation: 7

I O 17 9 7 9 Sandstona, ferruginous, coarse grainea.
17 9 28 0O 10 3 Sardstone, ferruginous, f{ine to medium grained.
28 0 22 10 c 1C Shale, marcon, gray.

28 10 34 O© 5 2 Sandatone, ferruginous, coarse grained,
3L, 0 63 O 2 0 Shalae, thin sandstone, gray to brownigh—gray,
63 O 66 8 3 8 San:.stone, maroon, ferruginous,

66 8 68 4 1 8 Sandstons, marocon, coarse greined,

68 4 70 0 1 ) fhalis, gray to red,

70N 72 7 2 7 sndstone, ferruginous, {ine greined,
72 .7 99 11 27 i Shale and thin sardstone, gray,

Tuscarora formration
99 11 100 6 7 Qeartzite,
Chemical Coaposition
Fe: 4 P: 4
10 0 17 9 7 9 3418 0,038%
17 9 28 O 10 3 17,06 0,185

Prepared by WeA, Moon arnd B, ¥, Cooper




10G OF CORE HOLE T1-8A
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Depthsa

To
In, Ft,
0] 8
6 16
o 19
8
0 3
6 31
1 34
8 42
0 7%
6 &
10 86
3 88
1l 97
7 113
K 11,
1,

| S ] 50" [@ e HoOoom

o AN ¢ AX

Thickneas
Fto Ino
8 6
7 b
3 8
3 [
0 6
b 7
3 7
7 4
32 6
9 b
3 1
1l 10
9 b
15 9
1l 2

Overburden
Clinton formation:
Sandstone and interbedded shale, 3'10" core
loass,
Shale, marvon to gray,
®Sandstone, ferruginous, fine grained T1-8i-1-zl
Shals, maroon to brownish—gray,
#5andstons, ferruginous, fine grained; contains
nunsrous shale partings, Tl-8A-2-z2,
Shale and intercalated sandstone, drab-gray.
*Sandstone, ferruginous, coarse grained; 8°
core loss, T2-8A-3-23.
Shale, gray; interbeds of gray sandstons,
#Sandstens, ferruginous, fine grained; includes
2" parting of shale. Tl-8A-h-zi.
Shales, gray, sandy,
Sardstona, pale marcon, bottom 2" coarse
grained,
Shals, greenlsh-gray, some intercalated
sandatones,
Shale, gray, intercalated sandstonss,
Tuscarora sardstone:
Quartzite, gray, vary hard,
TOTAL DEPTH

Analyses (%)
Thickness of zone
Seample No, Fe P Ft. In,

T1-8A-1-31 19.64 176 3 6
T1-8A-2-22 16,10 234 6 7
T1-84-3-53 220 86 <256 7 4
T1-8A~4~ul, 0125 9 4

Byron N Cooper, Superviser of Promecting

November 16, 196}



LOG OF CORE HULK T3-94

Depths

From To Thickness Formation ami lithologic charecter
Ft, In, M. In, r., In,

0 0 7T G 7 ¢ Overburden,

Clinton formationt
7 0 25 3 Y 3 Sardztond and shals, greasnish—grey L0 browm,
soft zrd brolen,

25 3 g 7 b ] h Sendmtons, ferruginous, thin shale partings,
38 7 T © 38 5 CAls and thin sandvtomes, gray to brom.
77 0 91 1 L 1 Sendrtens, ferruginozs, fine grained,

91 1 92 8 1 7 Sardstena, ferruginows, fine to coarse grainod,

includes 5 inch zhale parting.

92 8 93 6 0 10 Shale, grey, sandy.

93 6 G 7 1 1 Sandstons, ferruginous, coarss greinmed,

98 7 95 1 0 6 Sendstons, ferruginous, coarse grainsd,

Chemical Cazpoaltioa
Pe: % Pt &

25 3 38 7 13 4 19,96 0.155

77 0 91 1 ) VA 1 BT 0,267

1 1 92 8 1 7 20,78 0s254

94 7 95 1 0 6 25416 0,391

Prepared by W, A, Mopn and B, N, Ceopar
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0O 0 5 6 5 6 Owverburden.
Clinton formation,
i Sandstone, ferruginous, quartz granules,
2 Sandatone, ferruginous, coarse grained
5 Sandatone, much core loss, ferruginous,.
5 sandstone, ferruginous, much core loss,
material recovared, sampled as is,

37 10 ik 0 2 Shale, gray Lo brown.
Ll v 54 0 1 0 Shale, sandy, soft and broken, podr core recovery,
5 0 59 0 0 Sandstune, brown to gray.

—_ e e m e e mm we vm mm me e e s e A e — - e e mm = e a— ma — mm e mm o = mm e em mm o o e e = e

Chemical Composition

%Feo i@
5 6 15 0 9 ) 28,85 0,293
20 5 37 10 17 5 17.51 0.095

Frepared by,

B. N. Cooper



LOG OF CORE HOLL Té~12A
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Depths
From To Thickness Formation and lithologlc character
Ft. In. Ft, In, Fte In,
] 0 L O 4 0  Overburden,
4L 6 1. O 10 0 Clinton formation: Jardstone, ferruginous, coarse
gralnea,
W ¢ 1B 5 2 5 jandstona, ferruginous, coarse grained, inciudes
: Sinch shale parting,
6 > 16 7 G 2 shale, gray
1¢ 7 23 0 ) 5 Core lost,
23 0 49 8 2 8 Shale, greenish—gray, =oft, unctuous,
LY 8 86 0§ 6 9 Sandstone, fer—ughnous, fine tc coarse grained,
56 5 5% 9 v A Sandstone, ferruginous, very shaly, low in iron,
&b G &7 6 0 9 Shale, green Lo olive-drab,
57 6 59 5 1 1 ocanustone, ferruginous, coarse grained,
59 50 62 4 2 1 Sandstone and sha e, drab—gray to brown,
62 & A9 10 3 6 sandstons, ferruginous, fine Lo coarse grained,
65 W0 T3 3 7 5 Shale and snaly sancstone, drab~gray Lo brown.
3 3 77 [ IR 3 sandstons, ferruginous, conglomeratic,
77 &6 a3 7 6 1 Shale, drab, whin ferruginous sandstone bads near
ba se,
83 7 8 10 0 3 sarxistone, ferrugzinous, very coarse grainsd, wolitic,
83 10 125 11 42 11 shale, thin sandstones anc quarteites, including
few thin plates of ferruginous sandstone; very
low in 1iron,
128 11 127 7 1 8 -andstons, ferruginous, Iine gruined, incluaes
shale parting.
127 7 152 38 25 1 bhale, thin sandstones, and clay, soft,
Chemical composirtion
Fe% P<
& 0 )7 U ¢ © 12,57 C. 079
14 0o 18 5 2 5 16.60 0.133
4% 8 56 5 ) 9 24,02 0,32%
57 o} 51 5 i1 20,63 0,120
62 4 65 10 3 6 27.40 0,321
3 8 77 6 & 3 28,53 O.ubl
83 7 83 10 0 3 28,88 0,842
125 11 127 72 1 & 10,80 0,124

Prepared by B, N, Cooper and W, A.Mooi




10G OF CORE HOLL T5=13A
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Thickness

Formation and lithologic deascription
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101
NIX
177

& O

[
[l T S )

r UOwPNN)—'&w-nwuquo

e
109

101
103

107

0

CEOCOFMFODE DIWONW-JEF®

uverburdaen, .
“linton (wose Hill' formation,

Sandatona, ferruginous, fractured,

Sandstona, red, coarse 'o me-dium grained, fractun

Shale, brown to marcon, few sarxa’ one interbeds.

Sanasto ferruginous, aaroon,

hale, ma~con, core loss 10 inches,

Sard stone, ferruginous, core loss 4'ut",

Snale, gray, rusty partings,

Sandstone, gray te tiown, low in iron,

Shele, marvon to grdy, unctuous,

fandstone, maroon, POrous, vUgLy.

shale, cor« loss 4'107",

Sandstone, gray to brown, low in iron,

3hale, maroon, core loss 3!,

Sanastone, gray, low in iron,

Stale, brown Lo gray, thin sanastone interbeds,

sandstone, gray to brown, low in iron,

Sand stone, f{erruginous, [ine to coarse grained,
core broken, Core loss 21117, i

Samastone, pale grey, fine rrained, low in iron,

Jandstone, ferruginous, fine L0 coarse 2rained;

core loss 1'97,

shale gray, core loss P inches,

Jandstone, gray, fine grained,

Sandstone and shale, white to black.

Bottom of hole

. mr m A e e e e e e e am e A o e e ome e mm e e WA A me e we e e A e e e s e e =

13
23
23

LV o ol

11
16

.26

-~

Y

Themical Composition

Ft. In,
5 0
8 8
3 8
5 3
1 8
0 11
6 10
b 3
c 5%
3 34
2 1
7 ¢
11 11
3 0
b 9
p 10
2 10
13 9
3 4
3 5
0 9
2 4
3 2
o U
3 5
3 7
11 1
Prepared by

Fe: % P: ¥

U a8 0.108
28,69 0.193
2L.u8 0.201
18,96 0.129

\Because of high core loss
sanple analyses may not be
representative of zones)

B, N. Cooper and W. 4. Moon



10OG OF CCRE HOLE T5-144
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AN
Deptha
From To
M, In., Ft,
0 0 22
2 6 82
g2 6 97
97 & 98
98 2 101
k30) Y 107
1007 0 127
127 5 18
151 9 183
153 3 15%
153 9 154
15, 9 157
157 7 1
16, 2 169
169 7 R
70 1 i
172 ¢ 175
175 3 1B
8, 0O 189
89 L 192
192 6 196
196

Thickness

In, Pt, 1In,
é 22 4
6 60 0
& 15 o
2 Q 8
8 3 6
¢ b A
5 20 5
9 2l L
3 1 [
9 0 b
g 1 0
¥ 2 10
2 6 7
7 3 5
1 0 6
o} 0 10
3 4 3
0] e 9
.3 5 A
[ 3 2
7 A 1
7

Formatidén and ldthologic character

- e TR Ee S e o e WP s e gy ) A WP TR MR wlp Iy Sam P YU GUF T S S W e WD e

Overburden
Keofer sandstonsl

Sardatons ard quartzite, gray to browmish-gray;

partings of greanish-gray shelas,

Clinton formatdoem
Shale and sandetone, greoenish-gray to brownish-gray,
Sandstons-and shale, medium-browy; low in iron,

#3ardatone, marcon-drab, fine greincd., T&-MA-lex)
sandstone, drab-maroon, coarse to fine gratned.

#3andstone, maroon—~drab, fine grained; no shaly

partings., To-lhher1de2

Shale, greenish-gray, scme fine grained grey samd-

stona,

Sandstone, platy, pele-maroon, fine grained,

Shale, graylsh-ten, includes 4Y core loss.
®Sardstone, farruginocus, coirse gr-.inad..\ 7
*®*Jdandstonse, ferruginousx, sbundanb shale,

Shals, graen:l.sh—-gray; soas 4dnterbedded sandstonzg
#*Szndstone, ferruginous; shaly partdngs, T5-1iA w_%’ﬂf-_{

Shale, maroon to pals green,

Sardstone, very pale maroon,

#Sandstone, ferruginous, shaly partings., TH514A-5-5%
Shale and soandatone, gresnish-gra2y, fairiy soft,
Sandstene, grayish to greenish-gray.

Shale, black,

Sandstone, grey, flecked with black,

Bottom of Hole

Analyses (%) Thickness of Zona
Sample No, Fa P Ft In.
T5~1LA=~1=-51 .1 6 3 6
T5-1,4A~2-22 13.52 166 20 5
T5-14A-3-83 20,54  W354 3 10
T5~-UA~d~zl, 15,29 125 3 5
T5=1iA~5-55 26,88 JGh4 4 3

Byron N. Coopss, Supm’vlm of Pro:pedlng
Novamber 16, 198 '



LOG OF CORE HOLE Tée=154
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Depths

From To Thickness Formation and lithologic descriptien

Ft, In, Ft, In, Ft. In,

0 O & 0 A O Overburden.

L G 10 0 6§ 0 Clinton {Kose Hill) formation: Sandstone, ferruginous,
coarse to medium grained,

10 0 15 5 b ! Sandstone. alightly ferruginous, includes 4L!'7" core
loss,

15 5 20 ) 5 1 Sandstone, ferruginous, includes thdn shale parting.

20 6 2 9 3 Shale, gray,

20 9 25 { L 3 Sandetona, ferruginous, includes 1f core loss,

2% 0 26 6 1 6 SME, Zray Lo maroon,

25 6 30 0 3 2 Sendstone, ferruginous, fine to coarsc grained,

30 0 6l 1 31 1 Shale ard thin bedded sandstons, greenishegray,
s.ft, easily brokon, Fossfliferous,

61 1 66 2 5 1 Sandstone, ferruginous, includes thin shale
pariings,

66 2 67 2 1 0 Shale, vellow Lo olive~drab,

67 2 67 ) IR oandstons, ferruginoua, coarse grained,

67 6 71 10 k 4 Shale, marcon,

71 10 75 3 3 5 Sandstone, highly ferruginous, fine to coarse grained.

75 3 80 1 L 1o Shale, grey to olive drab.

B8O 1 80 9 0 8 Seardistone, ferrugincus, shaly. .

g0 9 82 9 2 0 Sarststeone and shale, gray to maroon, low in iron,

82 9 8t 7 3 10 Sandstone, ferruginous, mainly fine tc wedlum grained.

s 7 92 10 ) 3 Shale, gray to greanish-gray.

92 10 95 0 2 2 Sandstonz and shalae, gray,
Fo (%) 1369

L ¢ 10 0 6 0 8.91 0.073

15 5 20 6 5 1 13.2%9 0,115

20 9 25 0 4 3 16,70 0.139

24 6 30 C 3 5 15.5%6 0,109

66 1 66 2 5 1 22,85 0.i2l

4 2 67 & L 24,15 Cal35

71 10 75 3 3 5 25,45 0.1%0

g0 1 80 9 0 8 15,07 0,189

PREPARED BY williem A, Moon and B, N, Cooper




LOG OF BOrk HOLE TL-16A
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From To Thickness Formation and description,
Ft. In. Ft. In, Ft, In,

o o 3 0 3 0 Overburdon.
Clinton formation:
3 0 11 6 8 6 Sendstoas, ferruginous, fine Lo coarse grained,
11 6 7 1 5 11 Sandeton, ferruginous, clay galls, l'6Y core locas,
17 11 36 e 18 1 Shale and aandst.gno, t{n bogdgd, séft.; ‘foasilifercus,
36 0 37 1 1 1 Sandatone, ferruginous, low in irem,
37 1 40 6 3 5 Sandstone and shale, gray %o red, low in iroa,
40 6 46 0 s 6 Sandstone, ferruginous, fine to coarse greined,
L6 0 52 0 6 0 Sandstore, ferruginous, wavellite incurstations at 51',
52 0 52 7 o 7 Shala, gray.
52 7 55 2 2 " Sandstone, ferruginous, coarse grained to medium greined.
55 2 63 0 7 10 Shale and thin sandstone, gray to browa,
Chezical Analysis
J % Fa %@
3001 1k 6 g8 6 17434 0,163
11 6 17 11 5 11 18,64 0.1:6
36 0 37 1 1 1 13.62 0.132
38 6 4 0 5 6 16437 0,209
L6 0 52 0 6 0 20,10 0.331
52 7 55 2 2 7 17,67 0,215

Prepared by B, N, Ccoper and W, A. Moom




LOG OF COkls HOLE £6-17A
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Depths
From To Thickneae Deascription of Formation and Lithologlc Character
Ft. In, Ft, In, Ft, In,

0} o 3 C 3 0 Overburden

Clinton (ioss hill formatien},

3 o 3 3 b 3 Sandstons, (erruginous, madiuva to coarse greined,

7 3 B b 1 3 Sandstone, brown, slightly ferruginous,

8 6 12 5 31 Sandstons, ferruginous, mediua to coarse grainsd,
12 5 48 0 35 7 Shale and sandstone, gray to brown, soft, brolten,
L8 0 4L9 5 1 5 Saristona, ferruginous, medium to fine grainsd,
49 5 5§ 4 5 11 ga?ﬁ?st.o--_-a, ferruginous, coarce grainsd,
55 L 60 0 & 8 ndstons, ferruginous, contains 4O to 50 per cent

shale martingo; low in iron,
60 0 64 5 i s Sandstors, ferruginous, coarse grained tofine grained.
b, 5 78 0 12 7 Shals and thin sandstows, gray Lo brown, softy ferru-
__________________ _ginous sandstgne at _7285" to 75!10%, _ _ _ _ _ _
Chenmical Composition
Fer pol

3 o 7 3 4 3 11,20 0,042

8 6 12 5 3 1 16,80 0.0%0
48 0 49 5 1 5 18.75 0,221
L9 5 55 b 5 1 19.68 0,232
60 0 64 5 L 5 30,03 0.437
72 5 75 10 3 5 25,16 0,372

Prepared by W, A. ¥oca and B, N, Cooper




LOG OF CORE HOLE 1B8A

Depths

From To Thickness

Ft, In, Ft. In. Ft. In. Formation and lithologic description

0o 0 4 0 4 0 Overburden.,

4 0 9 3 5 3 Clinton (Rose Hill fermation): Sandstone, ferruginous,
9 3 13 8 4 5 Sandstone, ferruginous, fine grained.

13 8 21 0 2 4 Sandstone, drab-gray, slightly ferruginous.

21 0 23 5 2 5 Sandstone, gray to maroon, too poor to sample.

23 5 37 0 13 7 Sandstone, grayish maroon, ferruginous, very shaly.
37 0 38 0 1 0 Shale, drab-maroon.

38 0 41 0O 3 0 Sandstone, ferruginous, fine grained.

41 0 74 O 33 0 Shale, gray to brown, thin sandy beds included.

74 0 79 10 5 10 Sandstone, fine grained,ferruginous. shaly,.

79 10 81 5 1 7 Shale and sandstone, gmay to purplish-gray.

81 5 88 6 7 1 Sandstone , fine gralned to coarse grained, ferruglnous.
88 - 6 95 9 7 3 Tandstone, fine to coarse grained, ferruginous.
95 9 102 O 4 3 Shale.

ANALYSES
Fe% P%

4 0 9 3 5 3 10.47 0.018

9 3 13 8 4 5 10.98 0.108

13 8 21 0O 7 4 8.55 0.136

2 5 37 0 13 7 8.23 0.140

38 0 41 0 3 0 15.98 0.118

74 0 79 10 5 10 15,98 0.122

81 5 88 6 7 1 15,01 0.128

88 6 95 9 7 3 16,30 0.110

Prepared by W. A, Moon and B, N. Cooper
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LOG OF COR< HOLE Té-—-19A
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Thickness
.Ft. In,

2 0

8 9

3 1

3 2

2 10

L5 2

8 9

3 1

2 10

Overburdan
Clinton formation:Sandstone, ferruginous, coarase

to medium grained,

Sandstone, ferruginous, fine to coarse greined,

Sandstone and shala, brow Lo rea, low in ironm.

Sand stons, ferruginous, medium to coarse grainsd,

Shale and sandstons, greenish—-gray Lo browm, few
hard .ayers are quartzitic; mostly soft rock,

Fe:21.78% P:0.0R5%
Fe:16,88% P:0,179%
Fe:32,.95 P:10,386%

Prepared by, W, A, Moon angd B, ¥, Cooper




LOG OF HOLE T4-21A

Depths
From  To Thickness Formation and lithologic character
Ft. In, Ft. In. Ft. Inm,
0 0 4 7 4 7 Overburden (workable ferruginous Clinton ss,)
4 7 7 2 2 7 Clinton {Rose Hill) formation: Sandstone, ferru-
ginous, contains three inches of shale.
7 2 8 6 1 4 Shsele, Maroon, unctuous.
8 6 10 7 2 1 Sandstone, ferruginous, coarse grained.
10 7 23 4 12 9 Sandstone, ferruginous, broken, wmuch core loss.
23 4 24 O Q 8 Shale and sandstone, gray and brown,
24 0 25 5§ 1 5 Sandstone, ferruginous, fine grained,
25 5 26 0 0 7 Shale,
26 0 26 1 0 1 Sandstone, ferruginous, fine grained.
26 1 26 8 4] 7 Shale, gray to maroon.
26 8 28 0O 1 4 Sandstone, fine grained, ferruginous.
28 0 43 0 15 0 Shale and sandstone, gray to brown, soft.
43 0 46 4 3 4 Shale, Tusty brown,
46 4 53 0 6 8 .Shale, gray to maroon, unctuous.
53 0 S6 0 3 0 Sandstone, drab-maroon, ferruginous,
56 0 56 3 0 3 Shale, greenish gray.
56 B 57 7 0 11 Sandstone, ferruginous, maroon shale partings
bundant.
57 7 57 10 0 3 Shale, maroon,
57 10 58 7 0 9 Sandstone, maroon-drab, ferruginous, coarse grained,
abundant shale partings,
58 7 60 5 1 10 Sandstone, ferruginous, shaly.
60 5 64 2 3 S Sandstone, ferruginous, coarse-grained; shale
partings.
64 2 64 4 0 2 Shale, maroon,
64 4 66 2 1 10 Sandstone, grayish maroon, shaly.
66 2 67 8 1 6 Sandstone, coarse grained, ferruginous,
67 8 68 6 0 10 Shale, drab-maroon, 6' core loss,
68 6 69 10 1 4 Sandstone, maroon, ferruginous clay galls,
ANALYSES
Fe% P%
4 7 7 2 2 7 15.66 0.106
7 2 8 6 1 4 15.17 0.114
8 6 23 0 14 6 18,40 0.070
24 0 28 0O 4 0 14.85 0.072
53 0 S6 O 3 0 21.79 0.132
56 8 58 7 1 11 19,69 0.260
60 5 64 2 3 9 15.17 0.068
64 4 66 2 1 10 18,89 0.060
66 2 69 10 3 8 21,95 0.058

Prepared by W, A. Moon
and B. N, Cooper
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SUMMARY REPORT ON FIRST STAGE OF PROSPECTING

FOR IRON ORE IN JEFFERSON NATIONAL FOREST,

GILES COUNTY, VIRGINIA

This report summarizes the findings of prospecting and explora-
tion of the Clinton iron-bearing sandstone occurring in seven pro-
specting-permit areas comprising scme 12,000 acres in Jefferson
National Forest, Giles County, Virginia, which were assigned to

Minerals Development Corporation by the original permittee, E. L,

___Keesting., The report covers the results of surface geologic studies

conducted by William A. Moon, geologist, who was principally respon-
sible for conduct of field operations, also the results of prelimi-
nary core drilling by Cunningham Core Drilling and Grouting Corpora-
tiom, and also some of the pertinent aspects of the laboratory and
pilot-plant testing program conducted in the laboratories of Lurgi
Gesellschaft fur Chemie und Huttenwesen in Frankfurt am Main, West
Germany. Chemical analyses of splits of the rock cores were prepared
for analysis, utilizing crushing and fine-grinding equipment in the
engineering laboratories at Virginia Polytechnic Institute, and these
samples were largely analyzed for phosphorus and iron content by
Lerch Brothers, Incorporated, Consulting Iron Ore Chemists, located
at Hibbing, Minnesota. 7The German tests on the raw material were
arranged for by Dravo Corporation, American sales representative for

Lurgi,



Surface work was initiated on June 15, 1961, when Mr, William
A, Moon was employed to handle field exploration. During the period
June 15, 1961 through August 27, 1961, Mr. Moon undertook to map
in detall the areal distribution of the Clinton iron formation in
the seven permit areas. This work has necessarily continued up to the
present time., The upper and lower contacts of the Clinton iron for-
mation with the overlying and underlying rock formations, respectively,
have been plotted on 1:24,000-scale air photos specially obtained for
this purpose, Mr. Moon followed the drilling closely, logged and
split the cores, and assisted in the preparation of samples for
chemical analysis,

The original prospecting plan called for taking portions of the
rock cores from the ore-bearing zones encountered in the drill heles
and preparing from these samples a composite sample weighing several
hundred pounds for testing in the Lurgi Works, TLate during the pro-
gress of core drilling, it became known that Lurgi would require a
much larger sample weighing approximately 8 tons., Consequently in order
to prepare such a sample for shipment te Germany, it was necessary to
obtain bulk surface samples from outcropping ore zones which could be
identified from core-drilling done near those outcrops. The material
shipped to Germany consisted of about 1,600 pounds of especially high-
grade material from Pearis Mountain, and the rest (aggregating more than
7 tons) composed of equal quantities of material obtained from Sugar
Run Mountain and from an area near Mercy Branch southwest of Angels
Rest. The samples shipped to Germany compared favorably with the ore

zones considered workable, as found in the core holes.



Mr. Mark Fara, Assistant Professor of Geology in the V, P, I.
Department of Ceclogical Scilences, went to Germany and observed the
test procedures carried out by the Lurgi laboratory. Final results
on the European tests have not been obtained, and it is not possible
to make a specific evaluation of the outcome of these tests. Mr. Fara
prepared a brief descriptive summary of the work performed in the
Lurgi laboratory. That report was submitted to Mr. C. E. Pond,
General Manager, on April 2, 1962,

As required by Federal regulations governing prospecting on
United States property, auarterly reports on prospecting activity
were prepared for the periods ending June 30, 1961; September 30,
1661; Decemper 31, 1961; and March 31, 1962; copies of which are
on file with the Ceneral Manager. These reports include detailed
logs of core holes, chemical analyses, and a summary of footage
drilled and money expended on each of the seven prospecting-permit
areas. These reports are sent to D. C. Abernethy, Regional Miﬁing

Superviser, United States Geological Survey, Washington, D. C.

Surface Mapping Of Clinton Formation

Prospecting permits were necessarily obtained from the U. S.
Forest Service on the basis of very little detailed geological work
in the areas covered by the prospecting permits. Therefore, one of
the principal phases of prospecting was to map in detail the iron-
bearing formation to be core-drilled and tested. Air-photographic

stereo coverage was obtained in March, 1961, Geologic mapping of the



ore beds was done on this excellent photographic base in a preliminary
way. If prospecting work should continue past Stage 1 of the pro-
specting plan, the air photographs will be used as the basis for a
1:1,000-scale topographic centeour map covering the seven prospecting
permits. The detailed geologic information already obtained in the
course of Mr, Moon's field activities can be transferred to that new
topographic base map as soon as it 1s made, For present purpeoses of
reference, a 1:1,320-scale photo-enlargement of the standard Narrows
topographic sheet (surveyed in 1932) has been used, a copy of which
map accompanies this brief report. This map shows the areal distri-
bution of the Clinton iron beds which are underlain by a resistant
ridge-making orthoquartzite known as the Tuscarora Formation and
overlain by an equally resistant but not quite so thick light-gray
sandstone or orthoguartzite known as the Keefer Formation. The map
also shows measured dip inclinations and strike bearings of out-
cropping ledges as observed from place to place; and the map records
the locations of all "A" series drill holes as projected and drilled,
Typical cross sections showing the topographic situation and geclogic
structure of the two principal zones of ferruginous sandstone in the
Clinton Formation are shown on the accompanying base map.

The geologic map submitted with this summary does not embody all
the detail that was obtained from field study and which will be incor-

detailed

porated in a more/geologic map based on the detailed topographic base
map to be prepared if prospecting work continues past completion of Stage

1. The accompanying map is, however, wholly satisfactory for present

purposes.



Core Drilling And Ore Sampling

Two series of columnar sections of drill holes accompanying
this report show the thickness and quality of the ferruginous sand-
stones encountered in 17 drill holes representing an aggregate
drilled footage of approximately 1,700 feet, Drilling was carried
on in the area from late August until January (1962). Because of
the exceedingly rough terrain and lack of adequate equipment, core
drilling was exceedingly slow. Work that ordinarily would have
required no more than 8 weeks actually required nearly six months.

Core drilling disclosed two zones of ferruginous sandstone which
vary considerably in thickness and quality from place to place within
the seven permit areas. Generally, one distinctively better zone
of material ranging from 15 to 20 feet thick and averaging 20 per
cent or more of iron was identified. In many places, this better
zone is the lower one, but in some places, as shown in the series of
columnar sections, the uUpper zone is better than the -lower zone.

The better material ranges from 20 to 28 per cent metallic iron, and it is
this better grade of material that is considered workable under present
conditions, The thickness of workable material is only about one-third
that anticipated, Thin intercalations of adulterating shale lower the 1ron
content of the ore beds, but such shale 1s never seen admixed with ore
beds cropping out at the surface. Some of the shale intercalations are
relatively thick, so that mining of the ore will be somewhat more diffi-
cult than anticipated.

The two ore zones are separated by a prominent body of shale with

some soft intercalated sandstone, Most of this intervening material



is soft enough to present a minimum problem in quarrying and
stripping operations., If reference is made to the columnar
sections of the drill holes, it will be seen that where the
lower zone of ferruginous sandstone 1s the better grade material,
1t would require stripping of all the top zone of ferruginous sandstone
as well as the 45-foot zone of shale that overlies the lower zone,
Core drilling shows that the Clinton Formation is well bedded, that
the main iron-tearing zones persist in general throughout the area,
but not without marked variations in local occurrence and grade,
These determinations make it hazardous to reason that material
of the quality of that encountered in one of the drill holes persists
very far from that particular place. When the prospecting plan was
mapped out, it was hoped that the formation would exhibit consistency
in thickness and grade so that the first group of core holes would
show rather accurately the overall thickness and grade that could be
expected., That hope was not realized. Portions of the area considered
to be probably the best for future working were most disappointing. A
few of the holes encountered very little good material., Despite the
distressing variations observed, the core-hole data can be used to
aid in estimating the thickness and grade in relatively localized
portions of the total area covered by systematic study. Furthermore,
core drilling has substantiated the fact that better material occurs
within the permit areas than 1s known to occur in other Appalachian
areas tributary to the Norfolk and Western Railway. Actually, the
quality of the better material is only very slightly lower than was
anticipated., The main disappointment disclosed from core drilling

was the relative thinness of good material.



The results of core drilling confirm that the area investigated
contains the best grade of Clinton ore known to occur in considerable
quantity. The thinness of the better grade material encountered in the
core holes simply necessitates scaling down rather drastically the
tonnage estimates for recoverable, workable material, When the pro-
specting permits were applied for, it was anticipated that the reserves
of usable material would be between 300 and 400 million tons. The
actual reserves, based on the limited amount of drilling done, would
be more properly estimated at about 120 million tons. Based upon an
anticipated annual consumption of about Z million tons of raw material
to produce about 650,000 tons of commercial concentrate, it now
appears safe to estimate there is sufficient material within the
permit areas to last for about 60 years., Although this figure is
considerably less than the 200 years supply expected to be found,
it is still far more than adequate for the size of operation contem-
plated, Few metallic mineral deposits have a life expectancy of
more than 75 years. Therefore, the test drilling data obtained,
although somewhat disappointing, bave disclosed sufficient material
of the best-known grade of 20 per cent or better of metallic iron
to be worth attempting to develop, along the lines envisioned earlier.

Based upon experience of the first stage of prospecting, at
least 50 drill holes will be necessary to prove up an ore reserve
of 40 million tons sufficient to supply a concentrating and bene-
ficiation mill for 20 years. If prospecting continues past the
first stage of the prospecting plan, $25,000 should be budgeted for

proving a 20-year ore supply.



Table 1,- Summary of estimated reserves of material averaging 20% or better
of iron in the Clinton (Rose Hill) formation, which can be quarried
from permit areas in Jefferson National Forest, based upon all

work done up to April 1, 196Z2.

Name of Area BLM Permit Size Thickness Per Cent Reserves In
Number Length of Outcrop Width of Outcrop  of Ore Iron Millions Of
{In Feet) {Feet) Tons
Mercy Branch A-051841 7,200 3,500 17 23-24 45
Pearis Mtn., (A) A-050368 § 20,000 750 15 22 25
A-051841

Pearis Mtn. (B) A-050368 6,500 1,500 25 20 25
A-055777
Flattop Mtn. A-051911 3,500 1,000 30 18+ 10
A-052619
Nobusiness 5,000 500 30 21 7
Creek A-050369
Sugar Run Mtn, A-050387 8,500 250 20 20 4
[ |
Note: 'Pearis Mtn. {A}lies northeast of Nobusiness-Mill creeks divide.''Pearis Mtn. mmu,wwmm

at the southwest end of Pearis Mountain.



As shown in Table 1, there are two relatively large bodies
of ore of good grade: (1) the most important and the largest single
deposit situated on the mountain slopes on either side of Mercy
Branch of Mill Creek; and (2) a strip about 21,000 feet long along
the outcrop of the upper zone of ferruginous sandstone on the seg-
ment of Pearls Mountain from the Mill Creek--Nobusiness Creek divide
northeastward for a distance of nearly 5000 feet beyond the Appalachian
Power Company's transmission lines. From these two sectors of the
permit areas, it should be possible in the light of all that is
now known to recover 65 to 75 million tons of raw material,

Core drilling and ore sampling indicate that these two deposits,
whose estimated tonnage reserves of the material of the best grade
constitute approximately 65 per cent of the total recoverable reserves
now believed to be present,must be the two deposits selected for

any contemplated development,

Mining Problems

Results of core drilling point up to conditions that will have
principal influence in the success or failure of any mining enterprise
that may be undertaken in the permit areas. The geologic and topographic
situation of the large deposit tributary to Mercy Branch cannot be
worked in the manner anticipated originally and which was discussed in
considerable detail in various talks with the Forest Service officials,
which led to granting of the permits, The plan originally envisioned
consisted of quarrying out a long open cut which would be subsequently
and progressively filled in and the surface rehabilitated by return of

the tailings to the open cut. This system may be applicable to the



Pearis Mountain belt of outcrop, but definitely not to the one that
is tributary to Mercy Branch. Large-scale stripping would have to
be done in the latter, which would delay greatly any systematic restor-
ation of the surface use of the land for forest, An average of
25 feet of covering material (overlying body of shale and in parts
of the Mercy Branch deposit also the upper poor zone of ferruginous‘
sandstone) would have to be stripped off before the lower hetter
zone of ferruginous sandstone can be guarried out. Thus enormous
stock piles of overburden would have to be created, which would
later be redistributed over the surface after the good material had
been mined., Problems created by this additional requirement of
mining in the area containing the largest deposit can be overcome
for an estimated $0.75 per ton of concentrate produced, hut only
provided that the Federal government allews mining in the Mercy Branch
area.
When core drilling started, the best material in the permit
areas was thought to be southwest of the Mill Creek divide, but with
the first stage of core drilling having been completed, it is now
quite apparent that the major portion of the reserves of the best
material are in the watershed of Mill Creek. The recoverable reserves
in the permit areas outside Mill Creek watershed simply are not sufficient
to sustain an iron-ore processing and beneficiating industry. Therefore,
it is absolutely essential that Mill Creek be considered the first
and most important source of raw material for the industry contemplated.
In order to accomplish such an arrangement, it will be necessary

to prevail upon the Town of Narrows to surrender its water rights in



Mill Creek. The only way permission was ever obtained to prospect in
the Mill Creek watershed was to promise the Town that if prospecting
was carried on in that area that it would in no way adversely affect
the Town's water supply, or that if extensive prospecting or later
mining were undertaken the permittees would develop for the Town of
Marrows an adequate substitute water supply acceptable to the Town.
This requirement can be worked out satisfactorily at an expense to
the Corporation not in excess of $40,000. Work is already well under
way in exploring adequate substitute water supplies for the Town of
Narrows, but results and final recommendations are not yet available.
It would still remain to get the Forest Service to agree to
a new and drastically different mining plan that would require whole-
sale stripping of an area of about 640 acres. This part of the
problem of freeing the Mill Creek area for extensive quarrving
will be much more difficult to accomplish., The only way this pro-
blem can be satisfactorily solved is to get the Forest Service to
surrender its claim to the surface in the Mill Creek wate;shed in
return for a comparable acreage of wooded land adjacent to some
other part of the Jefferson National Forest, Such an arrangement
would eliminate the intolerable attrition between the miner and the
Forest Service during any attempted mining operations in the Mill
Creek area. It would not and, of course, could not eliminate the
Government's royalty on any iron recovered from the Mill Creek area.
The suggested methods for freeing the Mill Creek watershed are
absolutely necessary, and their successful employment is a contingency

upon which any future mining of iron ore in the permit areas will
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depend. Ways for surmounting this major problem to mining have
already been submitted to the General Manager and will not be
elaborated upon in this report.

Mining of the better material on Flattop Mountain will also
entail a different system of recovery than contemplated, which will
require wholesale stripping of considerable overlying soft rock,
which will later be redistributed back over the quarried-out area.
Quarrying in the Flattop Mountain area is not of immediate concern
as a pressing problem, In the other areas of outcrop where mining
could be undertaken, as enumerated in Table 1, the general method
of restoring the surface and returning same to forest could be suc-

cessfully carried out,

Beneficiation Tests

An essential part of the first stage of prospecting is to prove
that a concentrate can be produced from the raw material, which would
be acceptable to steel mills for blast furnace feed. The material
shipped to Germany for testing in the Lurgi laboratory and pilot
plant was to have been tested to yleld a satisfactory answer to the
question of successful beneficiation of the raw material into a
merchantable concentrate., The Lurgi laboratory is recognized as the
preeminent facility for such testing. Nothing comparable-is available
in the United States. A "statement of general objectives' was prepared
prior to commencement of the Lurgi tests so that Mineral Development
Corporation's interests would be fully protected by charting the Lurgi

tests in directions that would yield a positive and specific answer to



the question: "Can an iron concentrate of merchantable grade be
processed at a reasonable cost and with a favorable percentage
Tecovery of the iron from the raw material?",

As Prof., Fara has intimated in his memorandum of April 2, 1962,
the Lurgi tests essentially confirmed our smaller scale studies and
previous tentative conclusions, but there are still outstanding
questions that must be solved, which will cbligate Minerals Develop-
ment Corporation for more unanticipated expense. First, the Ger-
man laboratory does not have wet magnetic beneficiation equipment
of the special type that would be required to obtain the best grade
of final wet-magnetic concentrate from the roasted, magnetized
preliminary concentrate. Accordingly, Lurgi has been requested to
furnish through Drave Corporation 1,000 pounds of roasted, magnetized
material, which will be turned over to Minerals Development Corporation
for transmittal to manufacturers of efficient wet-magnetic separators
in the United States, who will make the final separation and recover
a wet-magnetic concentrate. The 1,000-pound sample can be split into
two samples and submitted to two different manufacturers. This will
furnish the Corporation with an unequivocal answer to the preeminent
question concerned in the first stage of prospecting. Assuming that
this 1,000-pound sample is received within the next two weeks, it will
be late May before the results will be available,

During the course of Lurgi testing a discrepancy was incurred
in keeping a record of all the iron in the raw material., Lurgi's

trained personnel Have searched long and hard for a way to resolve and



to account for a substantial amount of iron that was ''lost"

somewhere in the processing procedures, This "loss" is more

a matter of bookkeeping than anything else., The discrepancy will
eventually be resolved, but until this is accomplished, about

15 per cent of the iron in the raw material that was processed

cannot be accounted for either in the tailings or in the congentratés-
in the various stages of testing,

Lurgi has requested that a 15-ton sample of material be shipped
to Frankfurt for a complete rerun of all tests, which will be con-
ducted at Lurgi's expense with Minerals Development Corperation
underwriting only the cost of collecting the sample and shipping
it to Frankfurt, Lump material could be sent, which would present
a much smaller problem than shipping crushed ore as was done previously.
It is not anticipated that Lurgl will release any information on the
first round of tests until after the second sample has been pro-
cessed. Therefore, Minerals Develepment Corporatien has no choice
but to cooperate with Lurgi in the proposed rerun of the raw
material, Results of the Lurgi tests together with results of
American tests of wet-beneficiation of the roasted, magnetized pro-
duct Lurgi prepared from the first shipment of raw material must
be in hand in order to determine whether it is advisable to proceed

with subsequent stages of prospecting.

Summary

Work sofar completed has established that there is material
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of a grade appreciably better than that known in any other Appalachian
deposit of the Clinton Formation in Virginia, which occurs within the
permit areas in Jefferson National Forest in quantity sufficient to
supply an iron-concentrate mill with raw material for 50 years or
more. The major portion of the best reserves is situated in the

Mill Creek watershed, and it is doubtful whether there are sufficient
reserves outside this area to be worked exclusively. Therefore, the
removal of restrictions that would hamper mining is imperative. If

the permit areas can be freed of governmental control, save for pay-
ment of royalty on the minerals produced, it would be a great help to
full utilization of the lands as a source of iron ore. The fact

that the reserves are not nearly so large as originally anticipated
makes mining in the Mill Creek watershed absolutely necessary in crder
to supply a mill with sufficient material to operate over a reasonable
period.

The Lurgi tests will have to be repeated in order to determine
what happened to the '"missing" iron. The 15-ton sample requested
should be collected as soon as possible and shipped to Frankfurt as
requested. Most of the objectives of the Lurgi testing program on the
Giles County ore were achieved with satisfactory results. The ore
can be effectively reduced and magnetized in the Lurgi-patented
reducing kiln., The roasted, reduced, magnetic product from this kiln
was tested in a wet-magnetic separator not specially adapted for
the Virginia material, and the best separation effected was just
under 60 per cent Fe. A better concentrate can be produced in a
separator designed to separate minus-325 mesh material, such as

manufactured by Stearns or Dings here in the United States.
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Dravo Corporation has requested Lurgi to ship a 1,000-pound
sample of the kiln product produced in Germany, which c¢an be sent
to wet-magnetic separator manufacturers in the United States for
trial separations and recovery of a high-grade iron concentrate
that will, do doubt, average several per cent higher than the best
of the German tests which were made using a separator designed to
recover ferrosilicon alloy from a slurry rather than very finely
ground magnetic iron e¢xide.

The delays attending a rerun of the Lurgl tests are regrettable,
but these must be endured. The test program was sufficiently satis-
factory to answer the major question of the amenability of the Virginia
ore to reduction in the Lurgi kiln. This discovery is the last of
the major contingencies to be removed in probing the possibility for
producing a high-grade concentrate from the Clinton ore in Giles
County.

If the 1,000-pound sample of roasted magnetic product is shipped
to the United States promptly, the Corporation should have the
results of wet-magnetic separation tests made on American separators
within six weeks or less. As soon as these results are in hand, the
Corporation will know whether it has a process that will work commer-
cially. It appears very likely that a favorable result will be forth-
coming, therefore it is recommended that consideration be given to
authorizing the following work to be done between now and the time the

results of the Lurgi tests are finally received:



(1) develop full information on all possible
substitute water supplies for the Town of
Narrows (continuing work already started):

(2) investigate possibilities for freeing the
permit areas of government control of the
surface by swapping acre for acre the
forest land adjacent to government land
for the permit areas, with due allowance
for allowing the government to collect
its royalty for minerals produced therefrom;

(3) preparation of a 15-ton sample of represen-
tative material for immediate shipment to
Germany, involving a company expenditure of
approximately $1,000; and

(4) contract with Abrams Aerial Surveys to make
the topographic base map needed for further

work, from photographs flown by that company
in March, 1961,

Mr. Moon will continue his study of the Mercy Branch area
where it is contemplated that mining should be undertaken first
if undertaken at all within the permit areas. He will initiate
a stream study to determine the nature and extent of natural
transport of loose sediment, including red hematite, from the
natural wooded slopes in the prospecting areas. The Forest Service
is anxious to have this work start well before the onset of the
usual decline in rainfall during the summer months.

The work consummated during the past 10 months has brightened

considerably the prospects for establishing an iron ore industry

based upon the deposits under lease.

Professor of Geology
Virginia Polytechnic Institute

April 8, 1562
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RECOMMENDATIONS FOR DEVELOPMENT OF A SUBSTITUTE WATER
SUPPLY FOR THE TOWN OF NARROWS, VIRGINIA

Preliminary Statement

Preliminary drilling and chemical analysis of drill cores obtained
from the Clinton ferruginous sandstene in Jefferson National Forest permit
areas indicates that the bulk of the ore reserves of the highest quality
sofar found is located in BLM Tract A-05184] in the valleys of Mercy Branch
and Mill Creek between Wolf Creek Mountain and Pearis Moumtain, south of
Marrows, Virginia. That watershed serves as the water supply for the Town
of Narrows, Virginia., The reservoir built by the Town consists of a small
concrete dam that impounds a small quantity of surface water in Mill Creek
downstresm from the confluence with Mercy Branch. The dam is really little
more than a weir that serves to conduct water into the intake pipe. The
capacity of the reservoir is negligible.

Late in 1960, the writer conferred with the Narrows Town Council and
secured from them a resolution endorsing the application of E, L, Keesling
for a prospecting permit in a tract including the Town water reservoir. This
endorsement was offered only after I had assured the Council that any extensive
prospecting for or mining of irem minerals within the watershed of Mill Creek
would be undertaken only after the Town had been furnished a2 substitute water
supply acceptable to it in both quality and quantity, and only after the Town
had released its water rights, I was authorized to make that guarantee by the

- permit applicant, E, L, Keesling, who was present at the Council meeting.



Knowingly or unknowingly, Minerals Development Corporation had to
assume responsibility for that guarantee when E. L. Keesling assigned
his permits to the Corporation. At the time the permits were acquired
the possibility of ever mining ferrusinous sandstone in the Mill Creek
watershed was viewed as very remote, because all information then in hand
seemed to indicate that the best depesits lay southwest of the divide
between Nobusiness snd Mill creeks, The first stage of prospecting has
definitely established that the best ore is actuvally northeast of that
watershed divide and that the greater tomnage of guarriable material is
obtainable in that area, Therefore, the Mill Creek watershed hes had to
be considered the Corporations principal potential ore supply. Without
sccess to the Mill Creek deposits, there is probably insufficient raw
material to justify any attempt at commercial development of the sandstone
deposits as a source of iron. Conseguently, the finding of & substitute
water supply for the Town of Narrows has become an inescapable requirement
fulfillment of which is absolutely necessary to proceed past the first stage
of prospecting, The Forest Service has already required the Corporation to
spend about $800 repairing and reseeding the Mill Creek road by way of which
two bulk samples of ferruginous sandstone were hauled out of BLM-A-051841
permit tract. On Monday or Tuesday of the present week, the Appalachian
Power Company seant a hesvy service truck down the same road during a rainy
period and probably nullified most of the remedial work previcusly expended
under Mr. W, A, Moon's direction. If the {orporation undertakes any preo-
specting comnected with Stage Two of the offieial prospecting plan mutually

approved by the permittes, it must have executed development of a satisfactory
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substitute water supply for the Town of Narrows and have secured a
termination of the Tewn's water rights in the Mill Creek watershed. For
these reasons, it is considered advisable to explore the possibilities
for a substitute water supply and have in hand a plan for its exploration
and development, which can be put into effect immediately if the manage-

ment decides to continue with the prospecting plan through the second

’t.g- »
Present Water Supply Of Town Of Narrows

The present reservoir on Mill Creek is probably capable of supplying
sbout 200,000 gallons per day. That amount probably suffices the Town's
present needs. The valley of Mill Creek is so steep and marrow that it
will not be feasible to construct a higher dam and attempt to impound any
additional water., Therefore, any expansion of the Town's water supply must
look to development of a supply in some other area. Reportedly the Town
has made some use of a stand-by well, but no investigation of that reported
well was made in order to svoid the risk of stirring up lecal spprehemsion
sbout the field studies that have been conducted.

The quality of water supplied by the Mill Creek runeff (Tables 1, 2,
end 16) is excellent., Dissolved solids average only sbout 50 ppm. The pH
of the water is less than 7 and probsbly averages about 6. Ferrous iron
seems to be absent. Despite the limited gquantity that can be recovered from
so smell a reserveir or impoundment area, Narrows has a valuable source of

water of a superior quality that is unexcelled in southwestern Virginia.
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Possible Substitute Water Supplies

New River.- This large river offers abundance of surface water that
could furnish Narrows with all the water the Town could ever need., As shown
by Table 3, the quality of water is definitely inferier to that of Mill
Creck, and the dissolved solids probably average about 140 ppm. New River
water is, however, quite acceptable in quality, based on U, S. Public Health
Service standards, but it would create considerable objection from the local
populace who have become accustomed to soft water from Mill Creek. New
River tends to carry large quantities of dissolved solids and also much
suspended sediment, so much in fact that a three-stage filtration plant
would probably be required to process the water. Such a plant can only
operate efficiently at an uptake of about 500,000 gpd, which is more than
the Town can be expected to use in the foreseeahble future. In order to soften
the water to 2 condition anywise comparable to the present supply would
require very expensive treatment.

The cost of the expensive filtration plant that would be needed to
prepare water directly from New River cam be avoided if the river is utilized
as recharge for a 300-foot well that could be drilled at some convenient place
relatively close to the river, Clear water is being obtained from two
wells of enormous yield at the Celco Fibers Division of Celamese Corpora-
tion near Bluff City, from fractured dolomites. One well yields 1,000 gpm
and another 1,200 gpm, both on continuous pump with virtually mo drawdown.
Hewvy chlorination of the well water is, however, required,

Evidently, the fractured dolomite occurs also in the vicinity of Narrows
and can serve just as effectively as a natural filter bed in clarifying the

recharge water from New River, If the Town would not object to water of the
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quality of that obtained from such a well, a substitute water supply
could be developed from a well utilizing recharge from New River at
miniwum cost. Actually two wells would be required, and the total cost
of constructing them and installing suitable turbine pumps should not
exceed $8,000, At least an attempt should be made to induce the Town
to settle for such a supply. The chief argument in favor of such a
supply is that use of river water is inevitable if Narrows enjoys any
considerable growth and industrial expansion. The excellent Mill Creek

supply will not be able to serve a larger community.

Wolf Creek.- This major tributary of New River averages about
100 ppm of dissolved solids south of Rocky Gap, Bland County, above its
confluence with Clear Fork which drains & large limestone valley (Table 4).
As shown by Tables 5 to 9, inclusive, Wolf Creek offers water of a
quality roughly comparable to New River. However, the turbidity of Wolf
Creek is subject to extreme variance, which would tax any filtration plant
designed to clear up water from that source. The dissolved solids average
about 160 ppm, but there is considerable fluctuation with rate of dis-
charge. The one detraction of Wolf Creek is the relatively high organic
pollution of the rumoff.

The creek conceivably could be utilized as recharge for a 300-foot
water well drilled somewhere relatively close to the creek into fractured
dolomite, In the Narrows district, the dolomite is rather extensively
ground up into a fault gouge which would doubtless increase materially
the bicarbonat¢ snd carbenate hardness of the well water compared to thutA
of the creek water itself., This fault gouge is not present along New River,
and for that remson well water of better quality cam be expected from a well

utilizing New River for recharge than one dependent upon Welf Creek for its
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recharge,

Springs.- The valley of Wolf Creek is fed by a large number of
natural springs, most of them draining off the northwest side of the
valley across thick bodies of fault gouge composed of dolomite flour
locally quarried for "magnesium marl". The expectable quality of spring
water is attested by Table 10, which is se¢ hard that it cannot be con-
sidered seriously with better quality waters available for utilization,
Spring supplies are also subject to the vagaries of rainfall. VYields
decrease markedly during drouths, and during excessively rainy seasons
turbidity becomes a serious problem in water treatment. Springs should be

ruled out as & satisfactory source of water,

Piney Creek.-From The Hopper mortheast to New River, Piney Creek

flows between Piney Ridge and the main East River Mountain., The creek
essentially follows a high-angle fault zone cutting sandstones and shales
of upper Ordovician te lower Devenian formations, enly a few bads of which
are appreciably calcareous. [ssentially, Piney Creek Valley is a "freestone"
watershed whose water is comparable to that of Mill Creek, However, the
drainage area of Piney Creek is materially less than that of Mill Creek
and Mercy Branch. The high elevation of the valley floor which is situated
on a fault zone doubtless encourages subsurface percolation and underflow,
Water of the quality of that shown in Tables 12 and 13 can probably be ob-
tained from 300-foot wells so located as to intercept the fault zone. The
absence of human habitation in the middie and upper reaches of Piney Creek

watershed insures water of good purity. Considering the size of the drainage

area and the possibilities for seccentuating infiltration for recharge of
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wells located alomg Piney Creek as a consequence of heavy pumping, it should
be possible to produce up to about 300,000 gpd of water of excellent chemical
quality and biological purity, which would make a very satisfactory substi-
tute for the Town's present supply.

The fault zone in the bottom of the valley precludes possibility for
any effective surface impoundment of water, but the fault would actually
benefit production of ground water that was recharged by surface flow. Two
wells located somewhat more than 300 feet apart and in the general vicinity
of the second power transmission-line crossing the v-ilny could be comstructed
for about $8,000, A 7,000-foot pipeline would be required to commect that
supply with present Town mains.

Water rights would have to be obtained from owners of the land involved.
If possible, consideration should be given to outright purchase of the rough

mountain land that lies within the drainage of Piney Creek.

Other sources.- A number of small surface streams occur in the deep, short

valleys draining the mountainous slopes northwest of State Highway 61 in Wolf

Creek Valley. The gquality of water in the largest of these small streams is
given in Table 14. The water is almost as good as Piney Creek water, but the
former is too far away from Narrows to be given serious consideration evem as

an suxiliary source.

Recommendations

From field studies of terrain and from analyse:x of thyee rounds of water
samples collected from 16 localities, it is clear that the best substitute
source for a water supply for the Town of Narrows would be from wells situated

in the valley of Piney Creek near the second or upper power transmissiom line.
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The wells drilled in that locality should be constructed after am
option has been obtained on water rights in the private land involved,

The wells should be drilled to a depth of 300 feet with a diamater suffi-
cient to carry a l0-inch casing. The wells should be cased at least 50 feet
below stream level. Pumping tests should be conducted in the peried July
through mid-November and should be no less than 48 hours duration, The
pumping of the wells should be conducted under conditions of a stabilized
drawdown with the pump impelilers set at about 250 feet. Careful records
should be kept on the wells and subsequent pumping tests in order not to
overevaluate the ylelds of the wells,

The first well should be drilled purely as ar exploratory vemture be-
fore any commitment has been made with the Town. The second well should
not be drilled within 300 feet of the other weil. One well will serve
8s a standby for the other., The well elevations of about 2,250 feet will
insure gravity flow to virtually all parts of the Town of Narrows.

If the Piney Creek supply is utilized as recommended, a third well
should be drilled along Wolf Creek to serve as a temporary auxilisry supply
in case of extensive fire,

In reviewing the water analyses, maximum figures rather tham minimum

should be used in evaluating the various sources summarized in Tables 1-16.

Plate 1 shows the locations of 15 of the 16 localities whers water was

sampled in connection with preparation of this report, Samples were collected
by ¥, A, Moon at the times indicated in Tables 1 to 16, Analyses were made

in the laboratory of the Motive Power Department of the Norfolk and Western

Railway Company.
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Table 1 -~ Water quality data on Mill Creek above
Junetion with Mercy Branch, Map Location 1,
about 2.9 miles south of Narrows, (iles
County, Virginia.

Sample Number 5 1 54 2/ 5n 3/
phi @ 77° P, 5.50 5.99 7.00
Color none none none
Turbidity slight slight slight
Free carbon dloxide ppm. 6.8 3.4 3.5
Suspended matter ppm. 8.5 0.4 0.4
Total dissolved solids ppm. ug,2 51.3 W4.5
Manganese ppm. 0.00 0.00 0.0
Ferrous Iron ppu. .1 0. 00 0.0
Calcium Sulphate ppm. 0.0 0.00 0.0
Caleiuvm Bicarbonate ppm. 1.4 0.80 0.0
Magnesium 3ulphate ppm. 0.0 0.00 0.0
Magnesium Carbonate Ppm. 0.7 0.7 1.2
Fitrates as ppm. 1.9 0.30 9.0
Chlorides as NaC ppm. 5.1 6.9 5.1
Caleium Scap Hardness ppm. 1.7 1.4 1.4
Cale. Total Alkalinity ppm. 3.4 3.4 347

1/ Sample 5 taken 12:45 P.M,, Mar.26, 1962,

cloudy.

2/ Sample 5A taken 8:30 A.M., May 1, 1962.

eloudy, sunny, warm.
3/ Sample 5B taken 3:50 P. M., May 24, 1962, Weather: clear

sunmy, warm.

Weather: partly

Weather: parily
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Table 2 - Water quality data on Mercy Branch, above
Mill Creek, Location 2, about 2.0 miles
south-southeast of Narrows, Giles County,

Virginia,
Sample Number 6 Y 6a 2/ 68 3/
pH @ TT° P. 5.50 6.21 5.T0
Color none nane none
Turbidity slight slight lizht
Free carbon dioxide ppa. o 7 § 4.3 2
Suspended matter ppm. 6.3 2.6 0.2
Total Dissolved Solids ppm. 53,3 46.2 46.2
Manganese ppm. 0.0 0.0 0.0
Ferrous Iron ppm. 0.0 0.0 0.0
Calelum Sulphate ppm. 0.0 0.0 0.0
Caleium Bicarbonmate pPPm, 1.4 1.% 1:5
Magnesium Sulphate Ppm. 0.0 0.00 0.0
Magnesium Carbonate ppm. 0.7 1.3 0.7
Nitrates as —S; ppm. 0.4 G.ZS Z.s
Chlorides as pom, 15.4 8. «0
Calcium Soap Hardness ppm, 1.7 2.9 1:7
Cale. Total Alkalinity ppm. 5.1 3.1 1.7

1/ Sample 6 taken 1:20 P. M., Marech 26, 1962. Weather: partly
cloudy, cool, windy.
2/ Sample 6A mm 8:55 A, M., May 1, 1962, Weather: partly cloudy,

warm, s
3/ cample u taken 4:20 P. M., May 24, 1962, Weather: clear,
wWarm, Ssunny.
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Table 3 - Water quality data on New River, off west
bank of New River, Location 3, about 1.5
miles north of Narrows, Giles County,

Virginia.

Sample Number 13 Y| am | 1Y
ﬂ ' ?.P !o ?-Tu E"ﬂ 7'59
Color none none none
Turbidity 8 t slight slight
Free carbon dioxide ppm. 1. 0.0 ' ¥y 4
Suspended matter ppm. 6,0 5.2 1.0
Total dissolved solids ppa. 76.9 150.5 141.8
Manganese Ppa. 0.0 0.0 0.0
PFerrous Iron ppm. 0.1 0.0 0.0
Caleium Sulphate ppm. 0.0 0.0 0.0
Calecium Blearbonate ppm. 47.0 br.1 47.1
Magnesium Sulphate ppa. 1.2 0.0 4.1
Magnesium Carbonate Ppa. 16,0 21.1 i7.2
Nitrates as I.Ba pem. 9.6 10.2 9.0
Chlorides as Na ppm. 1.2 £ 8.6
Caleium Scap Hapdness ppm. 54.0 5.4 53.0
Caleium Total Alkal. ' ppm, 48,0 5%, 4 49,6

1/ Sample taken 11:15 A. M., March 27, 1962. Weather: clear,
warm, sunny.

2/ Sample taken 2:15 P. M., April 30, 1962. Weather: partly
cloudy, warm, sunny.

3/ Sample taken 8:15 A. M., May 24, 1962, Weather: clear,
calm, warm; water low.
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Table 4 - Water quality data on Wolf Creek at point

1.8 miles south of Rocky Gap, Bland
County, on U, 5. Route 52.

(Sample taken

50 feet above Tusearora-Jauiata contaet.)

Sample Number 1 VY 1 % 1 Y
pi 8 77° . 7.21 7.78 7.79
Color none nane none
Turbldity slight slight slight
Free carbon diexide ppm. 3.4 6.0 0.9
Suspended matter pom. 9,5 2.6 2.6
Total dissolved solids ppm. 1044 124.8 119.7
Manganese Ppm. 0.0 5.0 0.0
Ferrous Iron ppm, 0.1 .10 0.0
Caleium sulphate ppan. 0.0 0.00 0.0
Caleium Bicarbonate ppm. 1.6 65.9 52.7
Magnesium Sulphate ppm. 0,0 0.00 6.0
Magnesium Carbonate ppm. 10.1 3.4 $:1
Nitrates as nni ppm. 7.3 3.6 10.0
Chlorides az NaC pPp6, 13.7 ?.g 6.0
Caleium Scep Hardness ppm. 37.7 i, 43.6
Cale. Total Alkalinity ppm. 39,4 45.0 38.6

1/ Sample taken 4:30 P. M.,
windy, cool.

March 17, 1962, Weather: cloudy,

2/ Sample taken B:30 A, M., Apyil 30, 1962. Weather: cloudy,

overcast, cool.

3/ Sample taken 2:10 P, M., May 2%, 1962, Weather: warm,

overcast, rain, showers.




le 5 ~ Water quality data on Wolf Creek 4.1 miles
southwest of Narrows at Junetion of Roads

724 and 673, Giles County, Virginia. Map

location U,
Sample Number 9 ¥ o &/ o 3/
pH @ 77° P 7.08 8.62 8.12
Color neone none nane
Turkldity glight slight slight
Free carbon dioxide ppam., 6,0 0.0 T
Suspended matter PO, 1.0 7.2 3.8
Total dissolved solids ppm, 154.0 104.3 136.8
Manganese ppm, 0.0 0.0 0.0
Ferrous Iron ppm, 0.1 0.1 0.0
Calcium Sulphate ppm. 0.0 0.0 0.0
Calelum Bicarbonate  ppm, 55.1 33.2 58.2
Magnesium Sulphate ppm. 0.0 1.1 0.0
Magnesium Carbonate ppm. 13.4 11.5 18.6
Nitrates az Nalo ppm, 2.0 6.0 9.0
Chlorides as NaCl ppm. 10,0 8.2 6.0
Caleium soap hardness ppm, 50.0 35.1 58.1
Calelum Tot. Alkalinity ppm. 50.0 ah.2 59.8
1/ Sample taken at 9:15 A. M., March 27, 1962. Weather:

¢lear, warm, surny.
2/ Sample taken at 9:15 A. M., April 30, 1962. Weather:
¢loudy, showers,

3/ Sample taken at 12:05 P, M., May 24, 1962, Weather:

warm, sunny, c¢lear.
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Table 6 -~ Water quality data on Wolf Creek at stream-
gaging station on south side of Wolf Creek
1.3 miles southwest of Narrows, Giles County,

Virginia., Map loeatlion 5.
Sample Number 10 Y 100 | 1083
pH @ 77° P. 7.20 7.89 7.91
Color naone none none
Turbidity slight sligh slight
Pree carbon dioxide ppm, 8.0 3.4 0.3
Suspended matter ppm. 15.0 1.4 1.
Total dissolved sclids ppm. 137.0 172.7 169.2
Manganese ppm. 0.6 0.0 0.0
Ferrous Iron ppm. 0.2 0.1 0.0
Calcium Sulphate ppm. 0.0 0.0 0.0
Caleium Bicarbonate ppm. 68.0 77.6 69.3
Magnesium Sulphate ppm. 10.8 3.0 0.0
Magnesium Carbonate ppm. 7.6 24.4 26.5
Hitrates as NaW ppm. 10.8 10.8 9.0
Chlerides as NaC ppm. 10.0 8.6 6.0
Caleium Scap Hardness ppm. 60,0 79.5 4.4
Cale. Totel Alkalinity ppm. 51.0 77.0 75.2
1/ Sample taken at 9:30 A. M., March 27, 1962. Weather:

warm,

sunny, clear.

2/ Sample taken at 9:45 A. M., April 30. 1962. Weather:
cloudy, showers.
3/ Sample taken at 12:10 P. M., May 24, 1962. Weather:

sunny, clear.
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Table 7 - Water qualify data on Wolf Creek, south bank
across from playground about 300 feet above
trash dump at Marrows town limits, Glles
County, Virginia, Map location 6.

Sample Number 1Yy ma &, us ¥
g @ 77° P. 7.92 8.40 7.89
Color none none none
Turbidity slight slight slight
Free Carbon Dioxide  ppm. 6.0 0.0 1.1
Suspended matter ppm. 5.0 7.2 3.2
Total Dissolved Solids ppm. | 164,2 124.8 169.3
Manganese ppm. 0.0 0.0 0.0
Ferrous Iron ppm. 0.0 0.0 0D
Caleium Sulphate pom. 0.0 0.0 0.0
Calcium Blearbonate ppi. 55.0 30.5 69.3
Magnesium Sulphate ppm. 8.4 5.3 2.0
Magnesium Carbonate ppm. 12.6 20.8 23.9
Eitrates as NaNo ppm. 9.6 9.0 9.0
Chlorides as NaCl ppm. 8.0 6.0 7.7
Caleium Soap Hardness ppm. 56.0 47.5 71.8
Cale. Total Alkalinity ppm. 49,0 3.1 T0.1

1/ Sample taken at 10:10 A. M., Mareh 27, 1962. Weather:
¢lear, warm, sunny,

2/ Sample taken at 10:00 A, M., April 30, 1962, Weather:
eloudy, showers.

3/ Sample taken at 12:20 P. M., May 24, 1962. Weather:
warme, sunny, ¢lear,




Table 8§ - Water quality data om Wolf Creek 2 miles

scuthwest of Narrows, Giles County,

Virginia. Map loecation 7.

Sample Number Y | ¥ | Y
pH @ 77° F. 8.0 8.92 7.55
Coler none naone brownish
Turbldity llight gligh alight
Free Carbon Dioxide ppm. 4. 0.0 0.5
Suspended Matter ppm. 2.0 g.2 15.2
Total Dissolved Solids ppm. 97.5 112.9 157.3
Manganes ppm . 0.0 0.0 0.0
Ferrous Iron ppm. 0.1 0.0 0.0
Caleium Sulphate ppm. 0.0 0.0 0.0
Calecium Blcarbonate ppm, 48.6 19.4 66.4%
Magnesium Sulphate ppa. 3.1 2.0 0.0
Magnesium Carbonate ppm. 17.1 20.5 12.9
Nitrates as ia ppm. 9.0 Z.E 9.0
Chlorides as NaC ppm. 9.0 B 6.8
Calcium Scap Hardness ppm. 53.0 38.5 56 . '
Cale. Total Alkalinity ppm. 50.4 36,8 65.0
1/ Sample taken at 10:30 A. M., Mareh 27, 1962. Weather:

clear, sunny.
2/ Sample taken at 10:05 A. M., April 30, 1962. Veather:

raln, steady.
3/ Sample taken at 10:20 A. M., May 24, 1962. Weather:

eool, eloudy, showers.
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Table 9 - Water quality data on Wolf Creek behind
Barrows Hotel, 50 feet upstream from old
sewage dlscharge pipe, Harrows, Glles

County, Virginia.

Map location £,

Sample Number 14 134 &/ U5-v/4
oH @ 77° F. 8.10 7.05 7.62
Color none none brownish
Turbidity slight 8light med., amt.
Free Carbon Dioxide  ppm. 2.0 3.1 3.6
Suspended Matter ppm. .0 4.4 43.2
Total Dissolved Solids ppm. 106.0 172.7 169.3
Vanganese ppm. 0.0 0.0 0.0
Ferrous Iron Ppa. 0.1 0.0 0.0
Calefum 3ulphate ppm. 0.0 0.0 0.0
Czleium Bicarbomste ppm. 53.5 76.1 T4.8
Magnesium Sulphate ppm. 6.0 0.0 0.0
Magnesium Carbonate ppm, 13,4 23.7 23.9
Nitrates as Na ppm. 9.0 1.2 8.0
Chlorides as Na ppm. 12.0 7.7 6.8
Caleium Scap Hardness ppm. 5.0 75.2 73.5
Czle, Total Alkalinity ppm. 49.0 T5.2 73.5

1/ Sample teken at 11:30 A. M., Mareh 27, 1962. Weather:

¢lear, warm, sunny.

2/ Sample taken at 2:30 P, M., April 30, 19%2. Weather:
partly eloudy, warm, sunny.
3/ Semple taken at 10:05 A. M., May 24, 1962. Weather:
cool, showers, low clouds.




Table 10 - Water quality data on spring water
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issulng from cavern in dolomite,
located on gravel road 0.4 mile north

of Shumate, Glles County, Virginia,

Map locationm 9.

Semple Number 15 Y 1502 13 Y
pi @ 77° P, 7.18 7.06 7.31
Color none none ncne
Turbidity slight slight none
FPree Carbon Dioxide ppm. 15.0 10,3 12.5
Suspended Matter ppa. 6.0 1.4 1.0
Potal Dissolved Solids ppm. 171.0 239.4 236.0
Manganese ppm. 0.0 0.00 0,0
Ferrous Iren Ppm, 0.1 0.00 0.0
Caleium Sulphate prea. 0.0 0.00 0.0
Caleium Bicarbonate ppa. 116.9 146.8 133.4
Magneaium Sulphate Ppm, G.0 0.0 2.0
Megnesium Carbomate ppm. 32.8 37.% 35.9
Nitrates as hl:{ ppm. l.2 T2 9.0
Chlorides as Ha ppm. 10,0 0.4 9.4
Caleiun Scap Hardness ppm. 102.0 131.7 126.5
Total Alkalinity, Cale.ppm. 113.0 155.1 124.8

1/ Sample taken at 1:00 P. M., March 27, 1962. Weather: olear,

warm, sunny.

2/ Sample taken at 3:05 P. M., April 30, 1962.

high, overecast.

Weather: cloudy,

3/ Sample taken at 10:55 A. M., May 24, 1962. Weather: socl,

eloudy, showers.
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Table 11 - Water quallty data on stream on Thomas
Elankenship property, 1.1 miles west of
Harrows, Glles County, Virginla. Map

loecation 10.
Sample Number 16 YV 160 2/ | 1683/
pit @ 77° F. 6.72 7.08 6.34
Color none none brownish
Turbidity slight slight med, amt.
Free Carbon Dicxide  ppm. 2.0 2.1 2.5
Suspended Matter ppm. 1.0 7.8 17.¢
Total dissolved solids ppm. 70.0 83.8 1.8
Manganese ppm, 0.0 0.0 G.9
Ferrous Iron Ppm. Q.0 0.0 0.0
Caleium Sulphate vpm. 0.0 [+ H 0.0
Caleium Bicarbomate ppm. 0.0 3.4 8.3
Magnesium Sulphate ppm. 0,0 0.0 0.0
Magnesium Carbonate ppm. 3.'6( 2.5 0.0
Nitrates as NaN ppm. 0. 4.6 9.0
Chlorides as NaC ppm, 12.0 7.2 6.0
Caleium Soap Hardness ppm. 4.4 4.8 2.6
Cale. Total Alkalinity ppm. .4 5.l L.3

1/ Sample taken at 1:50 P. M., March 27, 1962. Weather: clear,
Warm, sunny.

2/ Sample taken at 3:40 P. M., April 30, 1962. Weather: high
overcast, cloudy.

3/ Sample taken at 10:35 A. M,, May 24, 1962, Weather: cool,
eloudy, showers,
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Table 12 - Water quality data on Piney Creek beneath upper
power transmission line erossing, 2 miles west-
northwest of Narrows, Oiles County, Virginila,.
Map losation 11.

Sample Number 2 Y 2n 2/ 28 3/
pH @ 77° F. 6.60 8.79 6.76
Color none none none
Turbidity slight sligh slight
Free Carbon Dioxide ppm. 1.7 0.0 4.3
Suspended Matter . ppfi. 13.9 6.6 0.4
Total Dissolved Solids ppm. 35.9 70.1 4. T
Manganese ppm. 0.0 0.0 0.0
Ferrouz Iron ppm. 0.0 0.0 0.0
Caleium Sulphate ppm. 0.0 0.0 0.0
Csleium Bicarbonate  prm. 5.5 5.3 4.2
Magnesium Sulphate ppm. 0.0 0.0 0.0
Magnesium Carbonate ppm. 1.4 5.0 2.4
Hitrates as NaNOs3 ppm. 0.9 1.2 11.0
Chlorides as NaCl ppE. 12.0 7.4 6.9
Caleium Scap Hardness ppm. 5.1 6.9 5.1
Cale. Total Alkalinity ppm. 8.5 7.2 5.1

1/ Sample taken at 9:00 A. M., March 26, 1952. Weather: cool,
cloudy, overcast.

2/ Sample taken at 2:35 P. M., April 30, 1962. Weather: cloudy,
sunny, warm.

3/ Sample taken at §:45 P, M., May 24, 1962. Weather: cool,
eloudy, overcast,
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Table 13 - Water quality data on Piney Creek, 2.25
miles upstream from seeond power trans-
misszion line, 3 miles west northwest of

Narrows, Oiles County, Virginia. Map

location 12.
Sample Humber 3 Y 5 & 38 ¥/
pH @ T7° P. 5.81 6.00 5.6
Color nons none none
Turbidity slight slight slight
Free Carbon Dioxide  ppm. 5.1 3.4 6.0
Suspended Matter ppm, 1.1 2.5 0.7
Total Dissolved 30lids ppm. b5 59.9 53.3
Manganese ppm, 0.0 0.0 6,0
Ferrous Iraon ppm, 0.0 0.0 0.0
Caleium 3ulphate ppm. 0.0 0.0 0.0
Caloium Bicarbonate ppam., 1.4 0.0 1.5
Magnesium Sulphate ppm. 0.0 g.0 0.0
Magnesium Carbonate ppm. 0.7 1.4 1.4
Nitrates as ppa. 0.7 0.6 9.0
Chlorides as Na ppm. 12.0 : 5 6.9
Calgium Scap Hardness ppm. : 2.7 2.6
Cale. Total Alkalinity ppm. 3.4 3.4 5.4

1/ Sample taken at 10:00 A. M., March 26, 1962. Weather:

eloudy, cool,

2/ Sample taken at 1:40 P. M., April 30, 1962. Weather:

warm, sunny.
3/ Sample taken at 9:20 A. M,, May 24, 1962. Weather:
¢loudy, eool, showers,




Table ; - Water quality dats on stream .35 mile
southeast of The Hopper, Jjust below

22

Junetion of two main branches, 4 miles
west of Harrows, Giles County, Virginia,
Map location 13.

Sample Mumber 7Y n | mY
pH @ 77° F. 6.20 6.41 6.27
Color none none nong
Turbidity slight slight slight
Free Carbon Diexide ppm, 3.4 .3 4.8
Suspended Matter Ppm. 9.9 2.2 2.6
Total Dissolved Solids ppm. 53.0 49.6 47.9
Manganese ppm. 0.0 0.0 0.0
Perrous Iron ppm. 0,1 0.0 0.0
Caleium Sulphate ppa. 0.0 0.0 0.0
Caleium Bicarbomate  ppm. 2.8 4.4 1.1
Magnesium Sulphate ppm. 0.0 0.0 0.0
Magnesium Carbonate ppm. 0.¥ 0.0 1.2
Nitrates as NalD ppm. 0.% ) ¥ | 12.0
Chlerides as NaCl pm. | 13.7 8.6 6.9
Caleium Scap Hardness ppm. 2. 2.1 2.1
Cale. Total Alkalinity ppm. 6.8 3.6 5.1
1/ Sample taken at 4:20 P, M., March 26, 1962. Weather:
partly eloudy.
2/ Sample taken at 10:25 A. M., May 1, 1962. Weather: warm

and sunny.

3/ Sample taken at 11:20 A, M,, May 24, 1962, Weather:

warm and sunny,
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Table 15 - Water quality data on ereek draining
valley south of The Hopper, about 400
feet north of State Highway 61, 4 miles
west-gouthwest of Narrows, Glles County,
Virginia. Map loeatiom 14,

Zample Number

g VY

gn &/

gz &

pH @ 77° F.
Color
Turbidity

Free Carbon Dioxide
Buspended Matter
Total Dissolved Jolids

Manganese

Ferrous Iron
Caleium Sulphate
Caloium Bicarbonate
Magnesium Sulphate
Magnesium Carbomate
Nitrates as Na
Chlorides as Na
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1/ Semple taken at 9:00 A. M., March 27, 1962. Weather: e¢lear,
varm, sunny.

2/ Sample taken at 4%:20 P. M., April 30, 1962. Weather: high

overcast.

3/ Sample taken at 11:45 A. M., May 24, 1962, Weather: warm,

sunny.
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Table 16 ~ Water quality data on Narrows reservoir, 2 miles

south of Narrows, Giles County, Virginia. Map

logation 15,
Sample Number Y ua &/ 48 ¥/
pH @ T7° F. 6.20 5.99 T.02
Color none none none
Turbidity slight Blight slight
Free Carbon Dioxide ppm. 5.1 3.4 o |
Suspended Matter ppa. 14,0 0.4 0.6
Totzl Dissolved Solids ppm. 46.2 51.3 49.6
Manganese ppm. 0.0 0.0 0.0
Ferrous Iron pPpm. 0.0 0.0 0.0
Caleium Sulphate ppm. 0.0 0.0 0.0
Caleium Bicarbonate  ppa. 2.8 0.8 1.9
Magnesium Sulphate ppm, 0.0 0.0 0.0
Magnesium Carbonate ppm. 1.4 0.7 1.8
Nitrates as ppm. 0.7 0.3 8.0
Chlorides as NaC ppm. 10.3 6.9 5.6
Caleium Scap Hardness ppm. 3.4 1.4 3.4
Cale. Total Alkalinity ppm. 5.3 3.4 k.3

1/ Sample taken at 11:30 A. M., March 26, 1962. Weather: cloudy,
eocl.
2/ GSample taken at 9:30 A, M., May 1, 1962. Weather: warm, sunny.

3/ Sample taken at 5:05 P, M., May 24, 1962, Weather: warm,
sunny, c¢lear,



-5

The future of the Clinton ivon preoject depends heavily on the
successful completion of an understanding with the Tewn of Narrows
whereby the Town relinquishes its water right in Mill Creek and accepts
a reasonable substitute water supply. These necessary attainments will
require skillful negotiation, and the full responsibility for that
phase of the project should be assumed by some person in the Norfolk
and ¥estern Railway Compamy. It will not be possible for we to partici-
pate in any of the negotiations with the Town, although I shall be glad to
supply information if needed, After the clearance has been obtained to
proceed with development of the suxiliary supply, I shall be glad to
resune work on the water project, follow the progress of the wells, and
evaluate the results of the drilling and subsequent pumping tests.

July 3, 1962
Submitted in triplicate Prepared by,
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CORE LOG DESCRIPTIONS AND ANALYSES ON
BIG RIDGE CORES

Hole #3
From To  Thickness Description
Sammle '
0 183" 18'3"  *Sandstone, drab-marocon, friable. Core loss 87,
183" 18'4" 1" Shale, greenish-gray, excluded from sample.
1814 25! 6'8"  *Sandstone, slightly ferruginous; core loss 2T,
251 421 17! *Sandstone, highly ferruginous, coarse to fine
grained; quartz granules, nhosphatic fossils.
421 45! 3 Shale, not sampled.
45! Total Denth.
Analyses (%)
Iron as Fe Pbosphorus as P
0 25" 2411 16.60 0.146
25 42 17! 20,63 0.135
Approximately 42 feet average 182% Fe.
* kkk
Hole #4
From To Thickness Descriptioh
Sample
0 107 10! ‘ *Sandstone, drab grayish-marcon, ferruginous,
core loss 4',
107 17! 7! Sandstone, gravish-naroon, broken, low in
iron; notsamnled==; core loss 3'.
171 22T6e" 57" *Sandstone, maroon, cuartzitic, sporadic shale
: partings; core loss about 1!6".
22'¢" 32! 916" *Sandstone, highly ferruginous, about 3' core loss.
32! 36! 4t Shale, not samoled; soft, unctuous,
(Analyses) %
Iron as Fe hosphiorus as P
0 10! 10! 17.89 0.250
17! 226" 5'e" 16.76 0.173
221" 321 gre" 24,02 0.122

Approximately 25 feet averaging 12.90% Fe.

* kk Kk
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Hole #8

From To  Thickness Description
Sample
0 15 15! No core recovered
15" 19! 4! *Sandstone, ferruginous, maroon-drab, sporadic
shale nartings; somewhat weathered, friable,
197 23! 8! *Sandstone, same as above; core loss 3 feet.
23t 32 9t *Sandstone, same as above; 7 feet core loss.
32 Total Depth
(Analyses %)
Iron as Fe Phosphorus as P
15" 32! 17! 17.73 0.103
' Approximately 17 feet averaging 17.73% Fe.
¥ k& k
Hole #
From To  Thickness Description
Sample
0 *Sandstone, drab-grayish-maroon; fine grained; core loss 1Y,
2! 14! Shale, pale grayish-tan
14! 23! *Sandstone, drab-maroon, fine grained, shaly; core loss 27,
23" 50! Shale and sandstone, not sampled,
50! Total Denth.
(Analyses %)
Iron as Fe Phosphorus as P
0 2! 10.88 0.119
21 141 12 14.91 0.171
12! 14 feet of material too low to be workable.

*kk*x



Hole # 11
From To Thickness Description
Sample
0 12'- 12 Overburden; no core recovered,
12' 30t 187 *Sandstone, drab-maroon, medium grained, ferrusinous.
Clay galls and parting; possibly 8' core loss.

30! 56 29! Shale, not samnled; soft, plastic.

59 7% 161 *Sandstone, grayish-maroon, cleay partings, fine

grained.

75 97! 221 *Sandstone, coarse grainred, ferruginous; thin

: shale partings excluded from sample,
97! Total Depth,

(Analyses %)
Iron as Fe Phosphorus as P

12+ 30 18! 18.38 0.0.107

59* 97! 33! 15,34 0.159
Approximately 50 feet average 19.13% Fe.

*h ki
Hole #12
0 16! 10° No ore recovered.

9 z7 17! *Sandstone, grayish-brown, coarse grained;
slightly ferrugincus; many clay galls;
core loss about 8 feet,

27 45! : 18° *ne core in box; used at VPI for experiments.

451 Total Depth.
(Analyses %)
Ircn as Fe Phesphorus as P

10t 27 17! 21:76 0.184

* k kX



Hole #13

From To Thickness Description
Sample

0 7! 7! Sandstone, drab-brown, fine grained.

7! 126" 5'6" *Sandstone, drab grayish-marcon, shale partings.
13*5"  13'6" 1t Shale, buff-brown, not included in sample,
13*5"  20'6" 7! *Sandstone, drab-grayish-maroon, fine grained; shaly.
20's" 29's" gt Sandstone, gray to pale maroon, not sampled

because very low in iron.
285 30'e" 1! Sandstone, dark-marcon, fine grained, slightly
ferruginous; shale parallel to bedding.
30'5' 340 35" *Sandstone, maroon, fine grained, shaly.
4! 98! 64" Sandstone and shale; bottom nart is Tuscarora
98' Total Depth. sandstone,
(Analyses %)
Iron as Fe Phosphorus as P
7! 206" 12'6™ 14.99 0.0.164 Too poor
Jo'e" 34 3'e" 16,12 0.219 to sample
* d ko
Hole # 21
From To Thickness Description
Sample
0 7! 7! Overburden.
7t 14! 7 *Sandstone, marocon, fine to medium grained.
147 15! 1! * Sandstone, fine to medium grained, ferruginous.
15 25! 10° *Sandstone, maroon, coarse grained, ferruginous;
core loss 10", ) '
25" 35! 107 *Sandstone, maroon, coarsc grained, core loss 7 feet.
35" 40! 5! Shale and sandstone, not samplad.
401 Total Denth.
(Analvses %)
Iron as Te Phospherus as ?
17.73 0.116
7' 25! 18!
25' 35! 10! 24,50 0,126

Cores Stored In Narrows
Power ilcuse

Approximately 28 feet average 20.15% Fe.

%k Kk
Core logs prepared by William A. Moon
April-May, 1962



Summary On Big Ridge
' Cores

The Big Ridge cores were partially consumed in Mr, Fara's 1957-
1958 tests on beneficiation of Clinton iron ores. Much of the
good material was used up. However, some holes were preserved

" completely, and those holes were largely the basis for the snlitting

and sampling of core fer chemical analysis,

The Big Ridge proverty contains up to 45 feet of ferruginous sand-
stone with very few shale breaks, and none of much consequence. The
iron content varies somevhat, but does not exceed 20% at best for
the ore beds as a whole. The pgeneral run of material, comprising
about 30 per cent of the deposit, will average 16 to 18 per cent
metallic iron. The deposit is fairly large, but the recoverable
tonnage is prcbably not over 100 million tons. The grade of the
material is substantially lower than can be considered workable
at the present. The deposit is however one of the best in south-
west Virginia and further experimentaticn may yet prove that such
material can be concentrated and sold at a profit.

The phosphorus content of the material does not vary with the iron
content, as does the wmaterial in Jefferson National Forest. Some
material with higher iron is lower in phosvhorus than some material
with lowzr iron. This is somcwhat puzzling,

A full record of the contents of each core box reposes in the
geological files of Minerals Develorment Corporation. If the deposit

“were to be worked over and tested thoroughly, it should be core-drilled

again and the cores analyzed as done on the Forest tracts in Giles

County _
B. M. Cooper
Blacksburg, Virginia

September 8, 1962
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RECONNATSSANCE OF CLINTON FERRUGINOUS

SANDSTONES IN PARTS OF WESTERN VIRGINIA

(A summary report of investigation of the deposits of Clinton
ferruginous sandstone occurring in the Appalachian Valley of
Western Virginia, between James River and Tazewell County.)

Frepared by W. A. Moon
and B. N. Cooper



RECONNAISSANCE OF CLINTON FERRUGINOUS SANDSTONES
IN PARTS OF WESTERN VIRGINIA

Mr. W. A, Moon, geologist for Minerals Development Corporation, com-
pleted the preliminary study of the geology of the permit areas in Jef-
ferson National Forest, Giles County, Virginia, in July, 1962. During
the subsequent seven months up to the time of writing of this report,
Mr, Moon has undertaken a number of different geological studies designed
to increase our knowledge of the geclogy of Giles County and of the geo-
graphic occurrence, geologic structure, and general character of the
Clinton ferruginous sandstones in a large area of western Virginia.

During the course of his studies of the Clinton beds, a number of
areas were discovered, which appear to have considerable promise as addi-
tional sources of ferruginous sandstone of the general type occurring in
Jefferson hational Forest permit areas situated between Wolf Creek Moun-
tain and Pearis and Flattop mountains southwest of Pearisburg, Virginia.
In the course of this rather extensive reconnaissance examination of the
Clinton ferruginous sandstones, 76 samples of ferruginous sandstone were
collected., These were processed in the laboratories of the VPI Department
of GGeological S5ciences at Blacksburg and cuts were prepared for analysis
by Lerch Brothers, Iron Ore Chemists, Hibbing, Minnesota. All pertinent
data on these samples are summarized in Table 1, Details concerning the
stratigraphy of the Clinton Formation in several localities are given in

Geologic Sections 1 through 14, which follow Table 1,



“

Table l.-Analyses of samples of Clinton ferruginous sandstones in western

¢

Virginia, (Analyses by Lerch Brothers, Iron Ore Chemists, Hibbing,

Minnesota.)
o
w B =
W = L] o
b =3 .E - — 3 E : Il.-nl|
¥  Mountain Ont X B e 258 B o Chemical
'E Which Deposit v iy w B © % Analysis
z Occurs g o 0 s G i (%)
- £ & 28 Su.% se 5 u
3 & & 28 P33 x3 P P g =
7 & 2 E = gf 2 5
1 Spruce Run A 30°se 20 4,000 200 22.34 ,219 1 7
2  Spruce Run A 30°se 14 4,000 200 24.32 240 1 5-6
3  Spruce Rum A 30%°se 30 4,000 200 22,50 ,171 7 7
*4  Spruce Run A 26°se 15 4,000 300 24,92 151
5 Spruce Run A 26°se 15 4,000 200 24,43 .132 k)
6 Spruce Run A 45°se 1B 5,000 200 21.06 ,465 2 2
7  Spruce Run A 45°se 22 5,000 200 13,02 .114 2 7
& Spruce Run A 40°se 10 2,500 200 23,47 ,270 303
9  Spruce Run A 42°se 14 5,000 200 23,31 .405 5 12-15
10 Spruce Run A 42°se 9 5,000 200 20,90 .276 5 11
1 Spruce Run A 42°se 10 5,000 200 16,07 .279 5 13-17
12 Rich B-C 30°se 22 80,000 250 15.27 ,261 6 12
13  Rich B-C 30%se 3 80,000 10 13,98 .234 6 15
14 Rich C 47°se 15 80.000 250 15,59 .138 o w
15 Garden C 30°w 21 25,000 200 17,20 .318 7 1-§
16 Garden C 30°nw 4 25,000 10 11,06 .171 7 7=
17 Round B 8°se 21 1,300 1,300 13.00 ,126 then
18 Round B flat 7 1,300 1,300 22,49 .363 eunw
19 Walker B 26°se 8 80,000 500 24,37 ,204 senne
20  Walker E 25°se 5 80,000 500 25.17 .30 saene
21  Walker B 25%se 7 80,000 500 21.64 ,252 AW
22 Walker B 35%se 10 80,000 700 24,05 ,492 et s
23 Walker D-B 15°se 10 80,000 350 21.32 345 bbb
24  Walker Mountain B 19%se 10 20,000 300 19,08 .303 il
25  Walker B 20%se 10 20,000 300 22.92 ,627 shdee
26  Chestnut Ridge € 60°se 13 20,000 200 18,11 .087 nbbddd
27 Chestnut Ridge C 30°se 6 20,000 208" 17031 <177 ool
28 Chestnut Ridge C 30°se 14 20,000 200 22,12 .213 Shksssue
29 Chestnut Ridge C 30°se 15 20,000 200 19.72 471 resnbans
30 Garden C 5%se IS 2,000 1,200 16,83 ,132

* Sample from nose of Spruce Run Syncline

** Sammles 1-5, inclusive, taken from same 4 000-foot strike lemgth,

#** Gection appears faulted; no good exposures; best exposed ledpes sampled.

*e2+ For details of geology see H, 5. Ladd's 1944 renort on Round Mtn, Manganese
‘ swesd Sopmled localities on Walker Mountain devoid of bedrock exposures

saket® Samnles from along new road to fire tower,

*eanwss Material sampled is loose shinpgle on cld log trail

senssss*Trom near junction of roads on Oneida branch and Chestnut Ridge



“

Table 1, continued

311 Garden C 5%se 15 2,000 1,200 18.45 ,234

32 Deskin E 10°se 6 75 100 12,50 ,248

33 Paint Lick E 90° 20 50 150 13,95 .119

34 Morris Knob E 10°se 13 300 1,500 16.35 ,145

35 Peters Mountain F 28°se 21 10,000 150 14,75 ,155 g 4,6

36 Peters F 35°se 5 10,000 200 15,55 .l149

37 Peters A 38°se 13 4,000 70 16,19 ,155 *

38 Flat Ridge A 45°se 15 10,000 £25  15.2%..077 W

39 Flat Ridge A 407se 17 10,000 125 18,27 062 .

40 Peters A 22%se 7 10,000 3,000 20.68 ,224 bl

41 FPeters A flat 13 10,000 3,000 16,83 ,191 Lot sindod

42 Peters A low 5 10,000 3,000 17,95 155 dadeizt

43 Peters A 30°se 4 25,000 300 17.35 .161

44 VPeters A 17°se 15 15,000 250 17.63 ,155 it b dd

45 Peters A 17%se 15 15,000 250 16,35 ,140 haERE

46 TPeters A 20°se 11 10,000 1,200 13.47 ,146 10 2

47 Peters A 20°se 11 10,000 1,200 14,75 143 10 2 teweess

48 Peters A 30°se 9 20,000 300 14.91 .102

49 Feters A (-30"se 15 20,000 300 16,19 .191

50 Pork A-G 17°se 10 7,500 2,000 20,76 ,218 rhudnane

51 Fork A-G 17°se 20 7,500 2,000 16.67 ,13) tHERRERAR

52 Potts A 14°se 6 5,000 1,500 19.56 ,218 TREARTARAL

53 Potts A 14°se 6 5,000 1,500 19,88 ,221 rAEERR Rk

4 Potts G 45°se 18 50,000 200 19.72 .149 11 2-10
és Potts G 45°se 34 50,000 3000 17.31 0.3l 11 12

56 Sinking Creek G 35°se 4 75.000 200 17.47 149  eweedn

57 Sinkimg Creek G 35°se 9 75,000 200 15,47 ,095

58 Sinking Creek G 30°se 9 75,000 200 21,16 ,149 whtaERe

59 Sinking Creek G 30°se 20 75,000 300 22,44 ,512 amAnd

60 Sinking Creek G 45%e 11 75,000 300 21,16 .329 whrEn

61 Johns Creek G 10°se 15 6,500 2,000 21,08 ,131 12 4

62 Kelly Knob G flart 4-5 6,500 2,600 17.15 .170

63 Johns Creek G 50°se 19 30,000 150 21.32 .21 13 1%

64 Johns Creek G 50°se 9 30,000 150 15,07 173 13 4

65 Potts H 23°se 5 35,000 200 19,56 ,254

66 Bald H 25°se 10 60,000 250 17.31 .1le7 ARRERY

67 Bald H 38°se 5 35,000 1,000 19,08 ,236

68 Rich Patch 1 65%se 10 60,000 250 18,11 .260 14 14-15

69 Rich Patch 1 65%°se 31 60,000 250 16.03 ,278

70 Potts H 33°se 2.5 7,500 2,600 18,11 .194

71 Ports H 33%se 3 7,500 2,600 18,92 ,332 enennn

72 Potts H 20%se 10 7,500 2,600 18,43 .137 bbb b

73 Bald H so®se 10 7,500 2,600 15,87 .l46

74 Little I 125°se 13 10,000 500 15,39 ,095

75 Potts H 55%nw 7 50,000 100 16,67 .128

76 loe A 10°ne 10 9,000 1,000 ,

* Nearly all material from West Virginia side of state line,
** peds locally faulted, dip variable, sampled across outcrop.
*»* Sample taken from near ridre crest

@ *** samvle taken from ledge 3 feet below hase of Sammle 41
*+#x* Lloat material sampled across strike
tsss#+Flpat material sampled across strike
sssewes dips variable; poorly exposed
tewwdkrrvglong old lop skid trail

Trrrxxrsfloat blocks sampled across strike
wakwskkawk 1CT SORTH DF STONY CREEK FIRE TOWEF



Geologic Section 1. Pearisburg Quedrengle. Spruce Rum Man.

Located just nerth of junctiem of fleld
l.hi hl‘- .

Rose Hill formstion (136 fest)
Upper limit not ssen, messurement tsken on dip slope. Thickness

Feet
7+ Float only, flest includes both fine end coarse
grained ferrugineus sandstome slebs....... wovwue: B8
&, Bandetene, maroon, finme grsined, ferrugineus;
containe marocon clay gallse...... sessnssntronn v %

S5« Sandetone, mercen, medium greined, ferrugineus.. 9§
K, Covartd IRLerwal e vevocicvans oo aoiosseewssssss .s 12

%+ Sandetone, meroon, fine to medium grained,
ferruginows; probably includes 10 feet of shale.. 28

2. Sandstone, mercon, coarse grained, ferruginous;
may not be in place. .. ocivuinnncncinnns e 2

1. Covered interval, probably ehele......cvavvaicas 12

Tuscarors sandstone



Beclogic Section 2. Pesrisburg Quedrgngle, Spruce Run Mountain
Located near reil fenee and just northeast
of three learge osks thet stend alcne on

the ridge crest.

Roee Hill formation (12 feet) Thickness

Feet
b, Mostly covered, seattered outcrops of fine grained
ferruginous sardstons and ahaly sandstome appenr om
dip llﬂP-ln--- ccccc R R o B i $E s aE 22

%. Covered imterval......coveneiviucunss P A T A T . B2
2, Gandstons, marcon, medium tc coarse grained,ferrugineusld
ls Oovered intervalesiceccvisionccsanns PR - velnas N2

Tuscarors sandetone



Geologic Sectien *. Pearisburg Quadrangle, Spruce Run Mountas

in

Located sporoximstely 0.5 miles southwes

of Section 1.

Roee Hill formation [ 164 faet)

1.

- Sandstone end shele, wmostly covered, sandstone,

maroon, shaly, slightly ferruginous............... i
Covarad TREETWRL S ocim e iiea s e as 6w s e o s §00 e »

Sandetone, maroon, fioe gralned, very lhaly, -11;htly
forruginoul ----------------------------- » f TR

Sandstone, maroon, coerss graimed, ferruginous,
includes 1k feest of covered intervel.....c.ovceavas -t

Sandstome, meroon, fine grained, thin bedded, slightly
farruginous, Bhaly.....cci i iiiiinendiavinannciaen 5

Covered interval, probably shele......... reenaeeaas ¥

Tusecarors sandstone

t
Thickness

Feat

26

2h

12

24

.



Geologlc Section 4. Pearisburg Quadrangle.loceted northwest
of old house nesr the southwest end of
Spruce Run Mountain.

Rose Hill formetion (121 feet) Thickneees
Faet
10. Sandstome, maroom, fine grained, ferruginous,
Lrom Sonbent Jowd s e e se s e e mm e 6 o « 27
9. Coversd intervel, probably shale..........cc0ivviaes bé
5. Sandetone, maroon, fine grained, ferruginous....... A
Te Covered intervml.c .. cirir i noomacnnannnssrnnss e 10

6. 3endetone, maroom, fine grained, ferruginous, slabby,
conteaine msrocn ¢lay partings parallel to the

bodding planes . cveviasiiunnannainsassisessssiiness 3
B Dovarald Intarvhl. ccoeenaneasvrommnsnsbas ersdassnssns 12
4. Bandstone, marocon, coarse grained, ferruginous..... 2
B COWRTR UBMEBEWEL o v i siore sie s o mn s e sme s nsa i .

2. Sandetone, marcen, finme to coarse graimed, quartrosas,
ferruginowd............. SR SR viaal

1l Covarsd Inmtervml-- . vccoeinueionvassasrmrssonsnnsesas 28

Tuscarora rardetone



Geoloziec Section 5. Pearisburg Quadrengle, Spruce Run Mountain

Keefer sandstone
Foee Hill formation ( 145 fe. t) Faet
18, Covared Lntervale. iassvonssasioransonesarisnin ess 19
17+ Sandetone, maroon, cosrse grained, elightly
ferruginous, conglemerstic; contains quartz pebbles.&
16: Coversd tnverwal s cvivesis: cormimemsevsss s des san 11
15. Sandetone, mercon, medium grained, ferrugincus,
tnin~beadced, platy; contains clay gelle and guarts
Eranulesec i careracienn i N = R T R T
14, Covered intervel..... T T e i
12« Sendetone, marocn, fine greined, elightly ferrugin-
O o R R e e R T S L saan 245
12. Covered intervals.......... R TR R vewes 13
11+ Sandstone, marcon, fine greined, thin-bedded, platy
end ahaly; containe marcon clay gelle and mareon
shale partinge, ferruginows......-... ... .vv.., e G
10. Coverad intarvel.: . cesuiseramraisiaa e R S R s 4.5
J. Eandatone, mereon, fine gralned, ferruginous;
rontaine msrcon clay galle....... o e O R S se F
5. Covered intervel........... g R AT R,
7+ Sandetone, marcon, fine grained, farruginoum, ehaly.2.5
f. Sandatone, mareon, fine gra‘ned, ferruginous;
containe marocn clay gallme....oocvvevnnnn, A |
S+ Covered interval--cs..ovursrins R seae 149
4, Sandetone, marcon, fine grained, ferruglnoug...... 1
L, Covarad interval.... . cocciinraniancsnnriianas T B
2. Jandetone, maroon, coarse grained, ferrugincus,
thin to medium hedded; containe guarte granules.... &
l. Covered interval; probably ehale and quartzose

Tl R et P T T T e P

Tuscarors sandptone

Thicknees



Geolegic Section 6. Bland Quadrangle. lLocated south of FRocky Gep.

Section taken slong the northeast side of

Route 52.
Keefer eandetone Thicknees
Fose Hil! formation { 167 feet) Feat

16. Covered interval........... S S A R D)
1%, Sandetone, marcon, fine greined, thin-bedded,

plightly shaly, ferruginous..........cccviiuieaees 3
14, Covered interval..... . ciui.iiiieiin.innnennensnn 5.5
13)- Bhllﬂ, [ I R I T T T T T I e SR & 2
lz. candstons, marcen, fine to ccarse grained, tnin

to medium bedded; containe marcon clay galle,

ferrugincus...... AT e R B R ey v
11. Sendetone, drab grayish-marcon, fine grained.... 1
10. Covered interval.....cssucsvunn. R )
7. Sandetone, drab grayleh-marcon, fine grained.... 0.5
8. 3hale, drab-gray to graylesh-brown; conteins

interbede of fine=grained brown and gray sandetone.Z2’
Te Sandetone,drab grayish=maroon:..cc-ccovinanrnoves
Ge Covered Interval..covvunvnansiciinsarinnninsnsasaaslTLE
£. Sandetena, drab crayleh-marcon, fine=grained,... ?
by Covermd Antervmlese v oo icianssensere nse in iy
., Shele and eandetons, drab brownlsh-gray, fine-

Ereiped, quartzome............000. TR raasenes 2
2. Sandetone floset; mercon, fine to cosrse-grained

ferruginous elabs. ... .oiineiiiiirrsrcanssnanacns §
l. Covered intervel....sicsuccinssas e .|

Tuscarcres sandstone
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Keefer
Rose H
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ie Section T. DBurke: Garden Quadrangle, Located ln
Mill Gap. Section meszsured along the
southwest bank of the creek thru the

h"i'l. E? .

sandstone

111 formation (42,5 feet) sectlon incomplete Thlckness
Feet

Shale and sandstone, pale-tan and brown to olive,

PINE @ TRTNETE dvaisiwrewims o ismrsn e s e s bl e i s ]

Sandstone, drab graylsh-miarcon and pale-gray, thln-

bedded; some units slightly ferruginous to

PEPMIEIRIER 2 i e ey v e e el v 4

SHETRL,  SATTIE wovnesmwmemmm s o 555 o o R R i e & B pee A B £

Sandstone, mur..on, fine-gralned, thin-bedded,

DT IR LTS G0 i o matel 0 0 o o WA 355

Sandstorne, maroon, coarse-gralned, conglomeratic,

FEPPUEYAOHE gk s, S e e i T e e Fa

fandstione, maroon, flne-grained, terruginous, thin

to medium-bedded ...ccvcensnvnsvitonsinrenisssos b

Sandstone, maro.n, comrse-gralned, contains t'lne-

grained interteds, ferruginous; contalins marcon

SRy BRIAR i s e R R e R e T

Jandstone, mareon, tlre-gralned, conteins maroon

elay ERlle G dnne Sl s d e et S SRR TS Ja D

Section riot messured to the Tuscarora sandstone,
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Gevlogic Seetion o, Tlounding M1ll Quadrangle, Locuted on the
o "outheast side of Paint Lick Mceuntaln Just
south of sample 33, [(ZEE MAF)

Keeler sandstane Thickness
Rose Hill format!w (1% leet) feet
B, Covered !nterval, probably ShHuslf weeeverrcosernones 12

T. Sandstone, maroun, Ulne-gralned, Termolnous, thio
bedded: contalingd sparadlce maroon clay £8lls weevoas 5h
"y Cevered dnterval;:mostly shale: .. oosisveidisussiae TH
5. dandstune, maroun, Pine-cralned, LLishtly .
ferruginous, thin-btedde .. oncucvsansssssonraasassss é
4y and-taone, 1Lght -trown, Pine-ges Dned, quaeb o 1Rviz L,
e Cnerediiblerval suesseamesamr st rs s wAR E R 2u
do Jandtotone, deab grayist-mercon, (lne geslned ..., o
1, andstone =z zhale, mostly covered @.ceeersressssas 1

‘ Tuscaprura sandstone




jeclugle Jegtion 9. Narrows Quadrangle, Loecated on top of
Feters Mountaln near the corner of the
Va,~ West Ta, ctate line near Marrows,

e

Keef'er zundstone Thickness
Rose H11l formation (191 feet) feet
T. CLJV":,"PE‘H ZEtE‘]""JH.] R R R -LLLI
L, Jandstone, maroon, fine fo medlum-gralned,
ferruglnous, thin-bedd- 1; contalns maroon shale
]:’ELPT:-FI-E_': P T T I I R I R R S 1”’
5., Dovered interval, probably shiale coce.ceeenseans 137
Y, dandstorne, marcon, Tlne-grained, thin-bedded,
ferruginous; contalne maroorn shale partines
parallel to the budding PlANES ueeeesssarssssans T
. CewEred IAbeywET sl ceves pe e v e e Y
2. Sandstorne, drab-mapoon, fine-zmiinea, sllghtly
ferruglnous; contalns marcon shale partiogs and
abpndant mareon clay 2118 i eviler s viimneesieae L

‘ T, Jovered InbeIVAL sumsesreeesseenes sndsissisess 17

Misiarord sandstong
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Geologic Seetlon 10, Pearlsburg Quadrangle. Located un the
crest of Peters Mountaln about 500 yards
suuthwest of the bart wire fence arcund
the field,

Rose: {111 Tormation (51 [eet] section not complete Thickness
feat
3. Mostly covered, probably shale (.ieicinscsvamsnns 18

v. Candstone, maroon, [lre-grained to coarse-gralned
thin bedded, ferrugli US cu.eeecsssas R e L 11

T  GOTErEl ATHEOINEL o im s wm e e soese s 5 s e o pons 22

Tuscarora sandstone
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Jeologic Secticn 11. Waiteville Quadrangle.

Located on the south slope of Johns

Creek Mountasin -lun; the rosd from

level Sreen to Maggie

Keafer ssndstone
Rose Hi1l formetion ( 179 faet)

16. Bhale, pale greyish-green and rust-brown.........

15. Shale, pale grayish-green to rust=brown; contains
interbeds of rust=brown erandston®................4

14. Sandetons, drab Erayien-maroon to pele graylsh-
white, fine—greined...... S R R A e e

lf---shllﬂr ru.t"bf-}in, llﬂdj-- --------- L R L L RO B ]
12. Sendetone, drab-marcon, fine to medium—grained,
ferruginous, thin-bedded, shaly; contains lenaes

and pertings of rust-brown and marcom shale.......

11. Shale, pele grayish=green; contsima interbede of
ruet=brown, pale=gray snd drsb-marocon sendstone..

10. Sandetone, maroon, cosres—gralned, ferruginous....
G. Shale, rust—bBrown.:css.scssnssnsssssmisssessssnnein

8. Sendetone, dreb—marcon, fime=-grained; contalme
shundant mercon shele partings, ferruginous.......

7« Sendetone, drab—sercon, fine-graimed, ferruginous..

£, 8hale, rust-brown to dreb=marcon; contsina lenses
and partinge of dreb—marcom ferrugincus sandetona..

. Sandstona, merocn, cosree—greined, ferruginous,
LIFT A% 2.1 T B § O e e aw N L B R

4. Shale, rust=brown to pasle grayleh=green............
2. 3hele, rust=brown %o greyish=green; contalne
intercaletione of drab—marcon fine-grained

ferruginous eandefone........ B e e S R

d. 3andetone, dreb-marocon, ccarse~grained, guertizome,
f.rfug-j_neu'....,.......-.--u. ----- TR e R e

1. Shale, Tust—bLroWm: oisves sessssnstncssnsnrssbesssns

Turcearors sandstons

Thickmewe
Feet

50

-

lﬂ'-n.l

b.6

4.6

11.5

ﬁig



Beclogle Section 12, Walteville Quadrangle, Located ©,5 miles
southwest off the abandouned Lodkout Tower
on Johns Creek Mountain, Partial section

anly.
Thickness
Hose ¥111 fomatlioe (B1 feat) feet
L, DGandstone, marcon, fine U goarse-grained,
ferruglnous, ntalvs maronn clay galls and quarts
B S e R S L i S R R e e AR 15
¥ Coverol INTEITE] st mrrmsn LA i e B b a e % 5
. oandstone, mar.oon, lre-gratned, ferruglinous, thio-
|I&'i|d&l.1: may r.ual De 11 I."-II"IL' R B AR E SRS EE R s R &
b Covweved dnbepwol e e e e R 8

Tusedrora zandstone



Geologle Jectlon 135, Walteville guadpingle. Located on Johns
Creek rosd Just noprth of the Cralg Co, -
G1les Co. llne on the rnorth slope of
Johns Creek Mountain,

Keefer sandstone Thickness
Rose 111 formation (211 feet) feet

19, Fhuale and sandstone; shale, pale grayish-green,
weathers pale pust-traown, contalne 1nterbeds of
pile grayish-green to pale gray, Clne-gralned
sandstone, Thin-hedded ..veeicvnnrcnsansnrnerens 21

10, Sundstome, maroon, ¢ nmrse-gralned, guartzose;
glightly terruglnous, &

<
a
[R%

Not samphed asasessmaes

17. Sandst one znd shale, sandstone, drab grayish-
marnu, shaly, thin-bedded, shale, pale rust-birown
1 PE]“ gpﬂyiﬁh-grftﬂ S LR L e T 21

1o, Mostly covered; shale exzposed in drainage diteh,
pale graylsh-green, weabthers pale rust-orown .... 25

15, :pdstone, deab-mapocrn, Ulne to course-gralred;
contalins maroon elay galls, Fferruginous .......0. 15

s Toverhd’ VALl suvesmsrmsmmamam ey snen s dor s e ss ‘
1%, Sandstone, maraon, fine Lo conrse-gralned,
ferruglrnious, tnin to medium-pedaisd bul appedrs
massive alumy the road; contalns phosphatic Fassil
shells and QUARLT FPENULISE Jieileid i e veesamiees L

12, lJapndstune, pale-tan to white, coarse-gralned,
songlomeratic, containg Qquartz granules, thick

P . 2k
tedded T e R R R L I T e AT e

11, Shale and sandstone, &Shale, pale graylsh-green he
pale rust-opown, wmnasbone, ruSt-browrn Yty drab-
T]'I;.i]"l"JJ'I. thi""L'EddE'ﬂ B BB PR B ME SRR MR EEE EESEmE s EREEEw -

10, Snzle and Gardztone: shale, pale grayish-green !
pale mist-trown; sSandstone, rust-<brown lo drab-
mareon,; LHinebedded cvucrsaesssssam sname s esd tnss s d:5

G, Sandstone, pale graylsh-green to pale brownlsh-white
thin to medium-bedded; contalns partlnes of pale
Erayish-gresrn: Shals uciriirs s seasess s s sam s T

. Sandstune, drab grayish-maroon, slightly shaly
contalns interbedsz of marcon sandy shale, the
sandstone 13 fine-gralned and thin to medium-pedded 1

or



Ihese data together with other data obtained in 1958-1959

cate that quarriable tonnages of Clinten ferrugincus sandstone

indi-

comnarable

in quality to the Clinton ferruginous sandstones prospected in the seven

permit areas southwest of Narrows, Virpinia, occur in a number of places

as shown in Table 2.

Table 2.- Summary of estimated quarriable reserves of Clinton ferruginous
sandstone,

Location Of Area Pertinent Details

1. Butt Mountain Area, west of Thickness of workable beds: 25 feet

Cascades, near Lookoff HRock,
4 miles northeast of Kimball-
ton, Giles County, Virginia.
Pearisburg (uadrangle,

Estimated per cent of Fe: 20-21 per cent
Area of ocutcrop: 1,000 acres
Estimated quarriable tonnage:86b million tons

2, Uoe Mpuntain, northeast of
Facers tap, near Mountain
Lake Golf Course, LU miles
from Pembroke, Giles County,
Virginia. Pearisburg Quad-
rangle.

Thickness of workable beds: 2U feet

Estimated per cent of iron: 20-21 per cent
Area of outcrop: 700 acres

Estimated quarriable tonnage: 51 million toms

3., Walker Mountain, northeast of
U, 5. Routes 21-52, about 10
miles northwest of Wvtheville,
Wythe County, Virginia.

Bland and Pulaski (juad-

rangles,

Thickness of workable beds: 10 feet
Estimated per cent of Fe: 22.5 per cent
Area of outcrop: 500 to 700 feet wide,
80,000 feet long
Estimated quarriable tonnage: 55 million tons

4, Sinking Creek Mountain, south-
east of Newport, Giles County,
Yirginia,

Waiteville Quadrangle.

Thickness of workable beds: 8-10 feet.
Estimated per cent of Fe: 22 per cent
Area of outcrop: 200 feet wide,
75,000 feet long
Estimated Quarriable tonnage: 30 million tons

5., Fork Mountain, Pearisburg and
Waiteville gquadrangles, Giles
County, Virginia

Thickness of workable beds: 15 feet

Estimated per cent of Fe: 20 per cent

Area of outcrop: 2,000 feet wide,
7,500 feet long




—

—

w2e

6. Spruce Run Mountain, between Thickness of workable beds: 15 feet
hMewport and New River, Giles [Estimated per cent of Fe: 23 per cent
County, Virginia. Pearisburg Area of outcren: 25,000 feet long,
fruadrangle, 200 feet wide
Estimated nuarriable tonnage: 12 million tons

7. Johns Creek Mountain and Thickness of workable beds: 15 feet
Salt Pond Mountain, near Estimated ver cent of Fe: 21 per cent
Mountain Lake, Pearisburg Area of outcrop: 5,000 feet long,
Muadrangle, 1,200 feet wide

Estimated quarriable tonnage: 11 million tons

8. Kelly Knob Area, Waiteville Thickness of workable beds: 10 feet

and Fearisburg quadrangles, Estimated per cent of Fe: 21 ner cent

Giles and Craip counties, Area of outcrop: 385 acres

Yirginia, Estimated guarriable reserves: l&6.5 million tons
9. Chestnut Kidge, Nye Cove, Thickness of workable beds: 15 feet

surses Garden juadrangle, Estimated per cent of Fe: 21 per cent

Tazewell County, Virginia, Area of outcrop: 350 acres

Estimated ouarriabile reserves: 23 million tons

In a report submitted in 1457 to the Norfolk and Western Railway Com-
pany by B. N. Cooper, three areas of occcurrence of Clinton ferruginous sand-
stone were pointed out: (1) the area between learis, Wolf Creek, and
Flattop mountains, Giles County; (2) the Big Ridge area, Bland and Tazewell
counties; and (3) the Butt Mountain-Mountain Lake area, Giles County, The
first two named areas are under control of Minerals Development Corporation.
Copies of the 1957 Cooper report modified in form by the Norfolk and Western
Railway Company were circulated by the Industrial and Agricultural Depart-
ment Manager among interested persons, Une of these copies apparently fell
into the hands of Mr, T. C. Spangler of Narrows, who utilized the information
and leised the Butt Mountain properties owned by James Laing of Pearisburg,
Virginia, Preliminary examination of the Butt Mountain deposit indicated

it was of enormous size but probably of inferior quality, Before we were



ra
Fa

able to wake a detailed investigatien and obtain Unmpany authorization
to have chemical analyses made on samnles of Butt “ountain ferrupinous
sandstomes, we were deried access to the laing pronerty by its owner,

The bButt “ountain area, especially west of the Cascades on Little
Stony Creek, very nrobahly contains 200 feet or more of material that
will averape 20 to 21 rer cent metallic iron. PFossibly lesser thick-
essem of the hest heds might even average 24 ner cent iron, but actually
none of the material in that area, which was examined hv the writer before
beinp denied further access to the property, is of the ocuality that
characterizes the Mercy Branch--Mill Creek devosits, The total size
of the Butt Mountain area from which ferruginous sandstones could bhe
quarried exceeds 1, acres, Despite all the ohserved indications that
the deposit on Butt Mountain is probably not more than 20 to 21 per cent
metallic iron, this deposit is certainlvy the most important deposit of
ferruginous sandstone in the entire southwestern Vireginia area, The
total tonnarce reserves pf ferrupinous sandstone southwest of the Mountain
Lake Road (County tHighway 600) approach | billion tons, Possibly 135
to 250 million tons of ferrugpinous sandstone in the Butt Mountain-Mountain
Lake area mav average slightly above 20 ner cent metallic iron,

w#i1th the exception of the Spruce Run Mountain and Chestnut Ridge areas
tabulated in Table 2, virtually all of the deposits and reserves enumerated
lie within the bounds of a national forest.

Detailed studies should be made of all the snecific deposits enumerated
in this report.

The =necific data recnrded on papes 2-20 were obtained by Mr, W, A.
Mopn, reologist for Minerals Nevelonment (orporation; the rest of the report

is by the undersigned,

5
".-

i%$1 i r‘ '~ Pespectfully submitted,
Februarey 24, 1963 L, o

William 4, Moon

B, N. Cooper
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crest of Buckhorn Mouritain ond tha ssstern boundsry is County Hoad

42. ‘The western boundary iz sn arbitirary northwest trending line
from the %823 foot bench merk on Buckhorn lHou L2354 Teot
f Chimney Hoclcs
The erce is sccessible Trogo Bluefisld, West vig

County Roed 662 over Eest River lountsin. County Roed 852 aleo
cennects with State Houte 61 whnich runs couthwest from Hoeky Gep

to Tazewell. Route 1 lies Just south of Buekhorn Mountein. Fro

o ol & . ; a 4 i

Foad 662 the area is sgible by o Forest Szrviece nwpzdo.
The Firet roed parellels Cove Oreslc sad the (1 L1y
constructed ) extends southwest from County FResd 362 ulenz the

kil PR, L W o . [ Py = o m o ok : . i
sputhern flanic of East Dis witeit o Srisnsulot oo o L 4225

L n g - 1 4 -
wiEYe B BTtate ftoreet - C »
WIS &8 BTLLLe Ioresiu Lol TRy Y had 58 4 S Dhasie: 130

Another road which clozs i Levrs tHMe weet banlc ol Oraids 2 h

onmects the fire towe i Creels Fosd. Uh x
iz celled the Cuopide =2 A rring road slso o =
Trom the h=edweters of {acil: Brafteh ocut along the ereat of sEL-
nut Ridge for suproximsie Uttt wileg. Varjous othel tiirhe:
_ I o o

LeEVE TeCBDTLY DEEN OT L ITUGEE QI RE LS - O 2 -
Thmese are zostly ace i «» The zre s
brie g QWaY 1z eltlesziys anla ot

z piine esGlm: formatlalte alre €Xjo | d
Clhastn rnidire reas. 4 3 1 E01C Coage O A
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renging from 2 to 6 feet in exposed thicknese. The everage

thickness is tasken to be 1C Zzet. The outcrop width is estimelc

tc average 150 ~ 200 fecti =l the lenstn of cutcrop belt 1s

>

extlmated to be 12,000 fe=t. The lower ferruginous soncstene un

although exposed in this bLell wez nel censidered. The weirhu of

cublc foot of crude ore wes taken uo Lo 190 pounds.

Tornare Estimstes

Otserved tonnage sstimates for Chestnut Ridze ere estimasied

to be 1.5 million tone and for the southern flank of Zezt River
Mountein to be 1.7 millien {ons. These fipures are beced on
actuel surface cutcrop and resrecent aro-—romomd @ minimym evell

1 § i E I SR | - Lr 0 s b

tonnage. BSince it is belisved that the U

ferruginous sandgtone is closar to =n average of Z0 Teet this

could incresse the preboatic wonne o pares Lo 2.5 mpilloom tone

Cheatnut Ridge and the Zoo . rillign
If the overlying ehale upuel zhalc o L idin

of the outcrop belt on Chz:=tnut Hidpe could be increesasd to rou;

5C0 feet end it is poseibie -aet —rpe thicknese of the unper cre

o
i
L
!
<

zonz could remch

s
W - 33 1 Sl L

- 2 . = = B Vi £
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INTRODUCTION

Purpese of Investigetion

The purposes of this reconneissaencs were asvfollows:

1. To map snd define the extent of the ferruginous ssndstone
beds of the Rose ﬁill formstion in tﬁn Big Ridge sres.

2. To meke 8 generslized gross tdnnags estimate of crude ore
evelileble froem both the upper end lower ferrugineus
aanﬁetano zZones .

3+ To reconnsissanos map the eouthern flenk of Eact River
Mountain from the eastern boundary of the Keeeling ﬁraporty
northesstwerd to U. E. Route %52,

L. To escertain whether this eree {outlined in no. 3) should

be leassd s @ posaible pourse of iroun.

HMethod of Inveetigeiion

The 4investipgation was oonducted with the use of Dept. of
Agriculture Seil Jenservetion seriel photoe madg in 1953 (Scele
1"= 1,000 end 1%= 1667'). United 3tetes Geologic Burvey
topographi¢ meps of the Blend, Va.~%est Va. and Burkes Garden,
Ve. 15 minute quodrenglee were aleo uged. A tape end compess
map prepered by Dr. John Hagen (Hanna Mining Compsny) proved
very useful.

Fleld work commenced Sept. 9, 1963 end termiuamted Kov. 4,
1963, A hesvy secondary forest growth hempered the investigation
until the leaves fell. Contects were approximested through the

uee of serial photes and sometimes by use of the Bruntom compsee



and pece methed. Topogrephiec maps proved useful for elevations.
In the vieinity of Big Ridge ell staticnw or ohgervation
pointe within the Rose Hill formation were merked by atacked
stones with the mumber of the station recerded on the botﬁom
eurfece of the top stone. Tﬁiﬁ number wes cireled to prevent

confusion with stations put out esrlisr by Hanne Mining.
' Bis Ridge Aren
Logntion;g{_tbn arsa .

The Blg Rldge srea lies in the northwestern corner of
Blend County, Vea. spd in the esstern corner of Taszewell County,
Va. The area surveyed ls bounded on the noerthwest by the crest
of East River Mounmtain en the southweet by Ocunty Resd 662, on
the southesst by the creat of Buckhornm Mountain anmd on the
northeest by the Appalechisn power line:. The area mapped

encompassee roughly 9:75 square miles.

Accesaibility of the erea

The Big Ridge property 15 resdily accessible from BEluefield,
Va.~Wart Va. vis State Houte &5 southwset 1o Double Getes thenocs
southsaet on County Roed 662 to the creet of Eest River Moumtain.
About 100 feet south of the ereet of Eset River Mountsin e
Forest Firs road to the northesst extends elong the southern.
erest of Emat Eiver Mountsin. The ares (ese Plate 1) is encircled
vith numerous forest eccese roefs. Route 61 lying Just seuth of
and parallel to Buckhorn Mpuntain eonnects with Gounty Road 622
and furnishes socese to the area frem Tezewell aud Rocky Gap, Vas

The interior of Big Ridge hes an abundance of old log roeds some



of which ere open and others that could eaeily be opensd by the
¢laaring of downed trees end brush:. Jeeps and other 4-whesl
drive vehicles eem travel most of the ares eﬁsily. Big Ridge
is covered with seconésry timber growth, sorud brueh, briers

and lsurel thickeis.

Previous work

Twe better known earlier workers in this sres were
Campbell (1896) and Butte (1932). Campbell insluded Big Ridge
in his Pocshontas folio which displayed the geology on a broed

regionel basis Butte also briefly covered the regional geology
of the erea in his well known map of the geclogy of ithe
Appalachian Valley of Virginia.

The first fairly detailed work on the ares wes Cotpers
report in 1944 on the Burkes Garden Quedrangle. In 1936-1957
Willtems {m Virginie Pelytechnie Institute graduate atudent)
briefly outiined the Roee Hill foermation in the area. During
thie pariod 22 holes were cors drilled in the arsa. Of these
only 13 were positively leocated during the invesiigation by
Heanua ¥lning Company. In July of 1963 Dr. John Haghn (Hanna
Mining Company) oconducted a brisf ocompess mnd tape survey to
outline the iron beds, locate 4rill helee, and survey rosds.
The partially completed geologie mep sleo showed the locations
of 12 chip esamples end five bulle sample sreas. A total of 54.23
ghort tone of ore wae ehipped to Hibbing, Minnescta for further

testing.



Stratigrephy

Feven marine ssdimentery rock formetions cecur in the Big
Rldge areas They renge in geclogle ege from Upper Ordovicien
%o Devonisn pnd ineclude in escending geologic order; the
Juniats formetion {thicknese +41%5 fest), Tuscarors asndetcne
(1130 feot), Rose Hill Pormation (+165 feet), Keefer sandetone
and Tonolowey limsstons (+90 feet), Fooky Gap mandetone (+60 feet),
Hunterlfille chert (£60 fmet) end Devonian sheles. Of theze only
the Rose Hill fermetion wae studied in deteil: Theve formstians
have heen edequately deseribed by Goopsr (1944) end Williems
(1957)+ However #ince the formations that underlic end overlid
the Rose Hill formation are we sicilar end heve heen confused
froquently in previous work brief desoriptions of them, the

Tuscarore snd "Keofer" ssndstones, will be glven below.

Tusgarora sandetony

The Tuscarors ssndetone scoure along the orsst of East
River Yountein forming & preminuesnt ridge. It $¢ eleo exposed
in the struoturel eeddls sercse the Big Fldge coticline end it
is predominently expesnd on ihs scuthern flewk of DBlg Ridge.
Here the gentle routherm dip of the beds and the influsnes of
the thrusts thet lie to the southeset heve rendsred this srea
e meay of loope blocks with only speradic outgrepu ¥igibls.
Juet west of the 4116 bench mark on ihe creet of Big Rldge the
Buscsrers sandctone le exposed in twe deep revines thet plunge
to the southwset. Hepe the Fuecarors formes oliffs up te 12

feot high. Thier extent can reedifiy be trzced in the fell after



the leaves fall. This formation also outcreps on the southern
¢reat and flank of Buckhorn Mountsin where it iz everturned.
The Tuscerora sendestone is predowminently Q pale grayish-
?hlto to white medium to coarse-grained gquartzose sandstons.
™he basal beds are generally cenglowsratie, containing rounded
querts pabdbles up to 1 inch in dismeter. The rock can bhe
¢lasnified as en orthoguertzite ss the guarts grains have been
comented together by eecondary silica. Interbedded with the
ssndstone beds are beds of olive drab shale. The Tuscarvra is
unfossiliferous except far supposed worm merking or borings

called Arthophycus or Seolithus.

The Tuscerors beare a striking lithslegic resemblance to
the Kesfer sandstons and there are only {wo positive wiys that
the two can be dletinguiehed. These aret:

1. BStratigrephic peattion

2. Prescnes of the fossil ostraced Leperditis in the

Keefey sandatone.

Ross 111 formation

Dietribution

The Bowe Hill formation outorops slong the southern slope
of East Eiver Mountain except slong the portion of East River
Mouniain just northesst of the junotion of County Rosd 662 and
the erest of Eazt River Mountain. Here the formeticn is exposed
along the nerthern erest of Esst River Mountain for spproximately
1l xilas 7The Rose Eill is well expepred in the core of the Big
Ridge snticline. This anticline ia a large domsl stucturs that

dominster the area. Partial exposures alsec coour sporsdiselly



on the orest and northern flenk of Adex Ridge. Geologic
Secticns 1 and 2 teken along County Foad 662 show good cut-
crops near the crest of Emet Biver Mountsin and in the gap of
Buekhorn Mountsin respectively. Exposures of the interbedded
sheles and sendatonse eceur ou the foreet fire roed that
psrallels Laurel Creek end the northessterm fiemkr of Biz Kidge.
The upper ferruginous sandetone is wéll éxﬁoaad in il of the
bulk sample aress (Ses Plste 1) and aroumd the southwesterm
fringe of the amticlines The lower ferruginous sandetons hes
excellent ocuterops sround tho'fringea of the twe revinss in the
western edge of the satieline. Partiel expesures alse ocour
north of ths 4116 beuch mark on the creet of Big Ridge. A
belt of outorop slsc ceoure along the ocrest smi gouthern flank
of Buckharn Mountpin where ths formetiion is everturned. This
belt 1o badly faulted and crumpled being heavily imfluenced by
the greast Nerrows thruet that lies along the southern slope of
Buektiorn Mountein. The emall ares of ferruginous eandstone just
north of the roed and Laurel Oresk {See Plate 1) may posaibly
have been deposited ez colluvium. The relsticuchize ero

obacurs.

ithole

The Hose Hill formstion is cowmpoved chiefly of pale grayish-
green shalea containiag lenses, interbeds, and pertings of
greenish~gray, fine-grained, quartzose ssndstone. These two
reok types weather pale-rusi~brown to grayigh-ten and 1a tue Big
Ridge ares compese roughly €63 to TOR of the formetion. The
remsinder of the formation is composed of drab mareon, fine to

goerse-grained ferruginoue sandstone. Tals pendstone le thim to



medium bedded often weathering to a slabby rubble. Maroon ¢ley
galls, irregular marcon shale partings, end phosphatie fossil
fragments occur sporadically within the iron beering beds.

The iron units occur at two distinot horizons within the
Rose Hill formestion. The first or upper ferruginous sandetone
oceurs roughly frem O to 25 feet below the base of the Keefer
sendstone. The second ferruginous sendstone zone or lower zome
ocours approximetely 23 feet above the top of the underlying
Tuscarors sandstone. These two ore zonee sre separsted from
oach other by an intermediste zone of shele and quartzose
sandstone referred to as the “middle zone" or middle shele. This
middle shale appesrs to vary from 30 to 70 feet in thiqknsll with
the averags thickness approaching 45 feet. The middle shale
contains beds of fine grained quertzoee sandetone that weather
drab gray. In previous reports this zone wes confused with the
Qlinch sendstone. Close examination by eracking theee rocks
show that they sre pale tan to graylsh-white thin-bedded; often
laminated end contain characteristic Roee Hill feesils.

Hemstite fills the interstioes of the two iron ore zores
mkntioned end the content of iron frem grab semple asseys and
bulk eempling sveragss epproximstely 19:50% Fe: (Hagen 196%)
Gaclogio sections 1 and 2 give a more detalled descripilon of

the litholegy.

Mapping Unite
The Rose Hill formation includes as a fleld wepping unit
2l] the shalee snd sendetones from the top of the last massive

white quartzite ledge of the underlying Tuscarora sendstone te



the basal massive white quartzite ledge of tha overlying "Keefer®
sandstones On the crest of the Big Ridge enticling the Rese

Hill formstion wss mapped in deteil end the ferruginous

sendstone unite were delineated. In sdiccent arees the firmniion
wat mapped se ome unit elther because the eree wes gomplexly
Paulted, or obscured or 2o emell in outerep width that 1t wes
felt that the extra time involved would not be juetified et the

rresent time.

W

Eeefer sandstone

The Rose Hill formation in the Big Ridge arsa is averlainr
by a suocession of drahwgrayigh—whita cosrse~gralned cenglomeratiec
qusrtzose sandstone beds that ¢losedly recemble the Buscarore
sandstone« Thees beds however belong to ithe basal K;eter which
gredees upward ipto a thin bedded drab=-gray te greyieh-tan fine-~
grained sendstone that is predominently thin bedded. Theee beds
often shev treces of msganese minerslizastion. The presence of
Lfoorditia ard other fossils will eid in destinguiching thece
bedée from thes Tuscsrora.

Tho everlylng younger formetions, the Tonolewey limsetone,
Rocky Geap sandstone; Huntersville chert and Devonlan shsles
glthouzh mapped are not described here. Excellent roek

desepiptions sre svaileble in Cooper's Burkes Garden revert (1944).

Structure
The dominant structure in thile ares is a bdroed demal enticline

located through the center of Big Rldge ond coneequently nemed

the Big Rldge snbicline. Thie structure is bordersd on the weet



by the Cove Oreek syncline end on the eest by the Leurel Oreek
sjncline. Adg Ridge, e smal) anticline, extends weptward from

the southwest cormer of the Big Ridge aﬁtiolinc- The southesetern
f;;uk of the Big Ridge enticline iz bordered byln eﬁnll tight |
syneline containing remnants of the Rose Hill formation. This
area lies partiul}y along the lower forest roed. The small
synoline elee liae in feult contact with the northweeterm limb of
}ha overturned Busckhorn Mounteain eyncline. Tho‘trough of the
Buckhorn ¥Mountain syncline is beleived to be faulted end the
asouthern avcrturnzd'linb showe evidenecs of repeated feulting and
bedding plane, slippage. This limb forms the crest of Buokhorn
Mountain. This structure ie directly affected by the great

Herrows thrust which liems just to the southesst.

Ovsrburden

The upper thale that overliee the upper ferruginous eand-
stone 1s extremsly difffcult to delineete. It is nearly alweys
obscured by Rose Hill ferruginous sendstons float. Prebably the
shale-ferruginous sandstone contact lies feirly close to the
Eeefor eseandctone. Overburden frem this sone should cover ne
more then 15% of the exposed sres mapped as upper ferruginous
ssndstones« Thicknesses probably vary frem & to 15 feet. Else-
vhere in the arem the upper ferruginous sandetone probsbly hss
overburden from O to 4 feet. The bulk of thie overburden is

ferruginous esndstone rubble.
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zgicknusasa.and tonnsge astimeties

Upper ferruginous sendstone

In the areas on Bipg Rildge where the upper ferruginous
tanistone 1e capped by the Keefer the ferruginous bed thickness
apresre to average 40-45 feet (Willieme 1957).. However drill
cores heve no racord of core loes but core wae lost erd it wes
probably shale interbeds or partinge. A regheck of the core
boxse indicetes that a 30 feot thickness 18 more in line. The
moasured sections (Geologic Seotions 1 emd 2) show thicknesses
of + 15 feet and 25 feet respectively. In srsas of good
expesures, surfece obeervations, grad eample locetions, and
bulle eample aress indiceted thicknasees varying from 2 to 26
feot.

The tendancy of the upper ferrugineus ssndstone te weather
into e mags of rubble mekes surface thickness determinations
difficult. Drilling in the Hatienal Forest 1# Gilee County antd
on Blg Ridge hse slweys thown greater—thieknzﬁaee then thore
¢aleulatad from surfuce exposures.

Therefore the everage thicicneer of the upper férruginean
sandetone is estimeted to be 20 feet.

The expo=med arese of upper ferruginau? sandstone usad in
the tonnege calenleatlons inelude? the twe lerge sress in the
vieinity of bulk ssmple sreas 1, 2, and %j the belt esat of Big
Ridge; the mmall circuler deposit (* 5' thick) on the weetern

thp of Big Ridge snd part of the belt just north of Ad3 Bidge.



The total availeble tonnage ies sptimated to be 12.5 million
tons. KNow drill heles 14 and 5 (Willisms 1957) indicate a
Keefor sandstone and shale thickneme of 25 femts This thicknese
naturally thins towerde the farruginoue gandstons contact ep
indteated by 4rill hele 1 whieh showed 10 faet of Keefer pand-
stone. If this overlying Keefor sandetons could ba stripped
back to the vieinity of drill holes 14 apd 5 ‘then the tomnage
s2timete ceuld be boosted & million tons te pive a total Figure

of 16.% millicn tonse.

Lewer ferruginous ssmdetone.

The brosdest area of lawer-ferruginous sandetone is lecated
on the crest of Big Ridge in the vieinity of triangulstion poinmt
4116, Here drill holes 9 and 10 indicete a thigknees of 7 end
11 feet respectively. NHo surfmce thicknesszes could be obtainaﬂ
in the immediete erea but outerope aleng the rosde and paths
arcund Big Ridge indicate thicknesser from 2 to 13 feet.

Geoleglc section’'l indlcates 18 feet 0f lowsr ferruginous sand~
stone contained in an intervel of shals erd ferrugincue eandetone
toteling 27 feet. The lower zome appesrs to averege from 30 to

50% interbedded shale. The everage thickneas of ths lower

ferruginous sandetone sround point 4116 is estimeted to be 8§ feet.

The aveilable tonnege is eetimeted roughly to be 2 miilion tamwm.

Other sremss were goneiderad as teo-thlnw



Eust River Mountain - Route 52 Area

Location and Accesgiblility

The East River Mountain ares lies in the northwestern
corner of Blerd County, Va. and is bounded on the northweet By
the erest of East Biver Mountain, on the southwest by the
Appelaechien Fower line and the Blg Ridge erea. County rosd 613
liee elong the poutheestern boundary of the area amd U. S. Route
%2 merke the northeastern boundsry. The eree roughly encompaeses
5 squars miles end is soccesesible meinly by County Roed 613. Frpm
this road & few seldom used timber roade extend half way up Eest
River Mountain. Mest of the area is accessible only by foot.
As a result of repestad timber cuttings most of the ares is a
mess of secondery timber groewth, scrub brush, brier patchees and

laurel thiclkets.

Previous work.

Although included in reporte by Butts (1934) and Campbell

(1894) the srea has nover been mapped in detail.

Mapping proceedure

The same genereal preoceedure used on Blg Kidge wes also
uged in this erea. Part of this aree wee mapped on a topographio
map (Plate 2) end since the northeastern ares has no availalle
ususble topoghaphic map, the gaology was pleced on aerlal photeos
DTJ~10L-%8 and DTJ~10L-60. The aree was cnly briefly surveyed

end the geology strictjjyof a reconnaissance nature.



Stratigraphy end exposures

The statements conceraing the Big Ridge sireiigrsphy mleo
apply here. The uppsr ohale of the Rosge Hill formation ie nearly
abgent in this helt. &% most only a fev feot of shale is present
batyaon the top of the ferruginous esndstons and the “Keffer®
sandztong.

Excellent expesurem of the upper ferrugincus sendstone ceecur
slong U. 8. Route 52 and elsc on the ridges northuest of Gemp
Laurel (See Plate 2). Vericus blocke {flost?) and ersss of
ferruginous sendstone occur down in the Devonian shales. These
mey be of fleat origin or poseibly blocks oceught in small thrusts.
The relationships are obecure. Cuterops of upper ferrugincus
sendstone surround the "Kecfer" sandetone outliers 1lying in ihe
syneline aleng Eeet River Mounteln. The areee are small and
tie pyncline breeched by deep erosicnal drewe. The lower
farrugincus coemdetone wac net ceen mainly beceause ihe up-hill
fringees of the fose Filll fermstion are engulfed slong strike by

great mesees und Yboulder treire®® of Tuecerore colluvium.

Btructure

Tas ares 12 aynolinal alang Zset River Mountaln formlng
the nerthwesi limb of the Lsurs) Orezk-Dyy Fork syncline.
Northwest of Jewp Laursl a small syncline is develeped in the
Tusecarcre,; Ross Eill, and “Keefeor® furmotlions. Thle atructure
is bounded on %hs southeact by several thruste. Centinuations

ef thoee thrusts ars vislbla along U. B. Reute 52.

Thickness snd Regerves

The same general formational thicknesses om Blg Ridge

apply here. Along Y. S. Route 52 in the gep of Wolf Creek
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Mountain %.% miles southesst of Laurel Creek the upper
ferruglious sendetone is 22 feet thicit. Along U. 5. Boute 52
sbout 0.6 wiles south of ths creat cf Eeat River Mounteln out-
creps of the usper ferruginous sandatone are exeallently
dinplayed. ‘Thase ledgos are 10 feet thick (surface ovservations).
Hincs the "Keafar! is sroded baock fros the flatiron thia mree
eould produce roughly 0.% mlllion ton of ore.

No other sizeabls aress of readily sveilable ferruginous
aendstone wors found In the sres. Along East River Mountein the
upper ferruginous sendstone 15 gennerally "tueked under® the
overlying "Keefer" ssndstone flatirons o slosely that little
or ne &utcrop width is presest. Therefore it ie enggested that

no ldasing aotion ba teken on this are et the precent tims.

Summary

1. The iren recerves of ithe upper ferrugincus sandstone
on Big Ridge sre scilmated ‘o be 12.5 wmillion tons. Thiw
figure i#¢ based on an average ore thicknses‘cf‘ZQ feot and @
mineable erce s cutliued (uee on mep) on Ilate 1. Stripning
of gliportion of the overlying "Keefer® ssndetone end shels
(probably not exceeding 25 feet in thicknees) would incresece
these racervee te 16.5 million tens. Thie ectimsie is conser~
vative.

The lewer ferrugincus sandeicne is esiimated to contain 2
million tene in the vieinity of triangulstion point 4116.
Uther sreas of lower ferrugincus sendetons ocould poseibly add

snother 0.5 mlllion tone.



2. The Eest River Mountein = Route 52 area {Plate 2 snd
sarinl phates) was reconnalesance mepred end only one loeslity,
sleng U+ 8. Route %2 sppesred suitsble for mining. This eres
outliced on werisl phote DTJ-10L~B8 showe at leuet 10 feat of
upper farruginous esrdstene sand could peeeibly produce 0.5
rillion tone of orude ore.

The remeinder of this eres couteined no otier lurge mrees

of ferruginous sendstone eselly minosble on & gusntity basis.

Hecommendeticns

1. If further werk is doune on Big Rldge then the area
gbould be plane teble mapped in the spring, winter, or fall amd
the property bdounduries surveyed. Vuture core drilling ehould
be domd sc thet mmximum éore recovery is schieved.

2. Except pessibly for the smell mineable area elong U. 8.
Reute 52 no further leasing aeciisn should be teken on the Rant

River Moumtain ~ Raute 52 area at the przzeal tinme.



GEQOLOGIC CECTIONS

Geologlie Seetion 1. ~ Hose Hill fermation exposed along County

Roed 662 spproximately 250' southesst of

the junction of County Rosd 662 end the

orest of Eeet River Mountains

Keafar sandstone

Bose Hill formetien (+194.50 feet)

23,

224

2l.

20.

Shele, pala greylsh-green to pale rust

browni. section pertly covered.ceccsciconsores
Shale, pale graylsh-maroon.sccssescscstccnssne
Shale; pale greyleh-green to ruet erange,
woathere rust brownj contains interbede of
drab mareon to grayish-meroon fine grained
elightly ferruginous samdatone. Shale
comprises 60% of section.sseesccassocsncroress
Sandetone, drab-marcon, fine grained,
ferruginous, contsins sbundant marcon shale
partings end interbeds parellel to the
bedding plence. GChale appesrs to comprise
1% of seotion. Last 15 inches is massive
bed of dreb-maroon fine-grained ferrugincus

ﬂanﬂstenea.-...--..........-.........--.-.....

Thiclenesa

Feest

25.#'

1,3

7.5

5t



19.

18,
17

164

15:

-

14,

Thickness
Feet

Sandstone, dreb maroon to greyish msreon,
fine greined, ferruginous silliceous, containe
interbedes snd pertings of pale greyish green,
rust brown, and meroon shalessssrssconssssncce 0.65!
Shele, pale tan to rust browneseessscscossssss 15!
Ssndetone, drab msroon, fine grained,
ferruginous; containe interbedes end partings
of pale greyish green, rust brown, and
maroon shale parsllel to the bedding
planeej westhare rust brown on bedding
BUIPAOES . cosisvssoscasansoonsorasansersrsronne 450
Bhele, pale greyish green, weathers rust
DrOWNeoosrsossasscnssssasnsbossnssabassansnsses 1!
Sandstons, drab meroon, fine greaiced,
ferruginous) contains mesroon cley gallBsseses. Bl

Notet Localized folding eand faulting
oocurs here and explains thickwesa of upper
ferruglnous esndstons and the thickness of
ehole in the middle zones

Intervel moetly covered; contains eporadile
outerips of pals gray to grayleh green
shale chips weathering pele rust brown;
containg interbeds snd lenses of pale rust
brown to grayish green and graylsh white

fine grained quartzose pandetonB..srssessssase 94,5!



13,

11.

10.

8

Te

Ge.

Sandatone, drab grayish mesroon, fine

grained, ferruginoul (12-14% Fe):

contains 50% interbedded shale end Arab

brown pendoton@ecssrssesscarsancassnsatstnsans
Covered intervel; mostly ahale,‘ﬁgntnina
seversl 1" beds of #rab mareon flﬁ; grained
ferruginous landatono.;..............;........
8endetone, dreb mseroon, fine gfninad, thin |
bedded, 8lightly forruginousescecscecccrscnsas
Sandatone, dreb maroon, medium to coarse
grained ferruginous (_20% Fe)) contains

quarts gruﬁuloa and éhoaphatic-fésail
frngmontn................;....................
Shale, arnb maroon; nandy.................;...
Sandstone, dreb marcon, fine te medium
greined ferrugingus, thin beddod.............;
Interval mostly covered, conteins shale and
sendetone.. EShale pale grayish green te

pale rust brown) sendstone interbeds are

drab grayieh meroon, fine greined snd low

In Po+=12%cesscsancrcassonesesrasrasiscrnsncnnes
Sandetone, dreb maroon, fine greined,
ferruginous shaly. Contsins drab meroon

'hﬂ.lﬂ puting.-o--.potn-oo-o.---.--.-oooougo-o

Thickness

Feet

35!

1.0t

0.6!

2.75!
1.0

2.25!

2.25!

2.9!

18
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1.

Shale, Arab bBrownesevesvcesossvsesssvnsersavues
Sandstﬁne. drad maroon, fine te m#dlum
graiﬁad ferruginous; onﬁtains abﬁndant ¢lay
gells and peper thin ahgle partingd.esscriseces
Cley shsle, pele rust brown, unotucUBsicssaces

fandstone, dreb maroon, fine to medium

grained, ferruglingus, thin to medjium bedded...

Mostly covered, shale, drab yellowish

brownj ecnteins interbeds of huff fine

grmﬂd quarto&o amdﬁ%m.t- Pias Ened bErR A NS

Tuscarors sandstene

Thickness
Peest

1.0'

5.0

3.5

1.5

23!

9



3sologic Section 2. - HRoss Hill formetion along County Roed 622

0s75 miles north of the junchion of Btets

Road 61 and County Road 622, Beotion through

Buaekhorn Mountaln.

Thickness
Feet
Keefor sandstone
Rose Hill formation (167 feet)
15 Govaxed-1nterval...;....,...............,..:.. 8.51
' i2: B8haley pale gzrayleh green, weathere pale
rust brown} contains irreguler lenees,
partings, and interbeds of pale rust browm
and grayleh green firne grained quartzose
BEndetONBR cuvescrerotrnsanssuonrsciodcrscrtana 4.7
11. Sendetone, pale zrayich green, fine grained,
quartzose} grades directly into ferruginecus
BEnABtON@eestrstortvocnintoncissresbesstananas 1.3!
I 10. Sendstone, drab maroon, flpe grainad,
ferrugineua; contains abundsnt elay gulle..... 1.0'

' 9. Sendetone, drzb mercon, flne greined,

} ferruginous, thin hedded, shaly; ocontaine
sbundsnt ehele partinge perallel to the

| bedding planee end marecn clsy gelle. 2%5%

shaledlgncbct-oclagpcnplilItnn‘.o-louluplnit.. 5.7'



8.

Te

-

4

B

3%
L]

1.

Eendetone, dreb maroon fo rust breﬁn, coarce
gralned, ferruginous; in lewer 0.5 feet
interetices sre filled with rust red esilt
rether then Feeesrescrnocinsssisseninsirtcercnr
Shale, pele grayleh green, weathers pale rust
BYOWHDsvsossrsserisoasnintesacronsnsitotensneasa
Sendstone; drad BAYOOH, Tine gralned,
ferruginous, last 1.5' containe 20% ehale.....
Bendetone, drab meroon, coaree greined,
ferrugingus, medium beddedescescssesasarisnses
Sendstone, drab maroon, fine grained,
ferruginous, meseive ledges (probsbly 18 te
20% Fe)) conteinms sporadic meroon cley galls..
Intervel pnstly covered} inecludds sporadio
outerops of perle gramyish gpreen phile that
waathers pele rust brown. Also conteine
interbeds of grayish green fine greined
quartzoes eandetori®ssesrirsirnctrrosonrrvoncona
Interval covered, seme ne above. No lower
ferruginous eandstone zone is exposed but a
pertial secticon 1z expoeed in Cove Urgek

just southweet of the resd.ceccicinissscsancns

covﬁrﬁd 1ntar'a10r.o.-Qonoufol--qlucicioolooon

Tusoarora sandstone

Thicknesa

Feet

1.3

X1t

347"

1.3!

14,5'

50!

50
141

al
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Reconneieeence Geclogy of the Dry Fork Ares

Introduction

Furposes of Investigetion

1. To reconnaiesance map snd define the extent of the ferruginoue
sendetone bedes of the Rose Hill formetion in the Dry Fork erea.

2« To meke p generelized grose tonnage eetimate of crude ore svelleble
from the Teylor Property in the Dry Fork area.

%, To mecertsin whether thie property ehould be lessed for further
developwent.

Hethod of Inveetipetion

He recent topogrephic mepe were sveilsble for the sres so the wepping
was done entirely with the use of Dept. of Agriculture Soil Conservetion
serial photos mede in 1953 (scsle 1 inch = 1,000 feet). Field work
commenced Dec., 16, 1963 and términated 2 Februsry 1964. Contmcts were
sprroximeted on the photee ueing the Brunton-pace method. Twelve chip
eamples were tsken from representetive ocutoropes of ferruginoue esandstone
beds+ Thece eemples ware eent to lLerch Bros., Hibbing, MHinn. for anelyeis.
The resulte are included in thie rerort. A4n adjacent sree, the Forest
Produets trsct, (eee trect mep) wes uleo very friefly etudied.

locstien of the sree

The Dry Fork erees lies in the northeeetern corner of Blend County. The
aree is bounded on the northwest by the orezt of East River Mountein, on
the northeest by the convergence of these itwo ridgee, on the southenet by
Buckhorn Mountein end on the southweet by U. 5. Routs S52.

The Baylor property is confined primsrly to the southern flank of Esst

River Mountain end encompesees roughly 1846 scres. The southerh boundery



of thie proverty is rather indefinite me nesrly ell the line trees have
been cut. Ho sctuel boundariee or markers were found or locoted on the
ground during the field worl.

Aceeaelbility of the erea

The Dry Fork ereaie esccessible from Bluefield, Weet Va. by U.5. Route
52 and Geunty Road 613, The latter road rune thru the heart of the sres
and perallels Dry Fork. Humeroue old logging rosde and ekid traile extend
from County Foed 613 ur the scuthern slope of Zest lilver Mountein but the
me jority of theee are either weshed out or blocked by dense ecrub brush
and fallen trees. The heud of Dry Fork iz ecceeseible only by jeep sloog
geveral logging treile that perellel Try Fork ereesk. The entlre area la

covered by secondary tlmber growth, ecrub brush, bricre, end leurel thickets.

Fravious worlk

Cembell (1896) included the Ury Fork srea in hie Pocehontss folle which
digpleys the peclogy on e broed reglonel besie. Butte (1972} glsc covers the
regionel geology on hie =mep of the Geology of the Appelachisn Velley of

Virginie. Prior te this report the sres hes never been mapped in detsil.

Stratigraphy

Genersl etatement

For brevity only the Hoee Hill formetion and its underlying (Tuscsrora
gandatone) and overlying ("{eefer® sandstone) formstions were mepped in
detail. The colluvium end slluvium thet cloge the revines in the area
were alsc roughly outlined.

Tuecarors sendetene

The Tuscarors eendatone underliee tha Rose Hill formetion. It outcrorpe
slong the crest of Eest River Mountsin where it forms e prominent ridge.

The Tuecerera is aleo exposed on the creet of Buekhorn lountain neer the

heed of Dry Fork and in the vicinity of the U.2.G.5. bench merk.



The Tuscarora ssndstone is rredominently = pale-grayish-white to white,
medium to coerse~grained quertzose sendetons. The basal beds ere gemerelly
conglomeratic end contein rounded quertz pebblee. The rock is often
claeeified se en orthequartzite and conteins interbeds and peper=thin
partinge of eolive—drab shele. The Tuscerora containe the faaaiie{f]

Arthophyeus esnd Zecolithus. These ere coneidered $o be worm treile and

worm boringe.

Fose Hill formation

The Rose Hill formation outcropes along the scuthern flank of Eset River
Mountain throughout the Dry Fork sres. It is perticulisrly well sxposed in
the hesd of Dry Forlke juet southweet of Jeeese's Knob (see nhoto 4). The
formetion elee covere the eres on the southern flank of Buckhorn Mountein
juet southwest of the intersection of Buckhorn Hountein and Teat River
Mountelin.

The Fese Hill formeticn ie composed ehiefly of pele greenieh~gray shale
which conteine interbeds and lsnses of pale greenish—grey fine to medium—
grained gquartzoee sandstone, Thier rock type compriesee roughly 75% of the
formation. The remaining 25% is composed of drsb-marpon, fine to medium-
greined, thin ts medium—bedded ferruginous sandstone. The rock is s quartzose
eendetone thet containg hematite whieh fills the interstices end cements
the guertz greins together. This ferruginous sendstone generaslly occure in
two zones. The thiclkeet zone known as the "upper ferruginous zsndetone® lies
about 6-10 feet below the "Eeefer-Roee Hill contect and sppeers %o renge in
thickness from 20 to 30 feet. The other ferruginous candstone seccure sbout
12 feet above the base of the Tuscerora esndetone end sppeere to renge in
thicknese from 5 to 12 feet. The two zones are eererated from sach other by
g2 " middle zone" of sheles and ssndstone which appeare to be 90-100 feet

thick.
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Mo complete messured secticns could be mede in the Dry Fork eres but

e hand-leveled generslized escticon ie given belew.

Geologlie Ssction 1. Hand-leveled section taken in the vielnity of
Jegse's Fnob and epmple locality DF-5.
*Keefer" sendetone
Rose Hill formatiom (%167 feet) Thicknees
feet
S5« "Upper shale" pale greenieh=-gray, westhers pale tencsecieces 6=8
4. "Upper ferruginous eendetone”, drab-mercon, fine to medium
grained, thin to medium bedded, ferruginous; conteins
sporadic meroeon shale pertinge and maroon clay galls, often
diepleye prominent crose-bedding............. vesssssesnnsess 30
To "Hiddle shele”, woetly covered, shele, pele greyish-green,
weathere pele tan, containe interbede and lenees of pele

greyish-green, fine td medium-greined gquertzose sendetone... 100

"Lower ferruginoue sendetone",; interval covered, sendetone

nd

drab=maroecn, fine to cosrse greined, ferrugingus, thin to
e L DRAREE : oo b R S Sy e A s n b D ¢ DD
1. "Lower shele", pole grayish=gresn, weethers pele tens....... 10~12
Tuscerors sandetone
Another section meessured % milee south of Ury Fork thru the gap in
Wolf Creek VNMounmtein is glven below.
Geclogic section 2. Loceted south of Focky Gaps Section teken slong the
northeest side of Route 52; gap cuts thru ¥Welf Cresk
Yountein. Dip everages 30°c.
"Keefer®" sandetone

Rose Hill formstiom (167 feet) Thickneseg
feet

16: GD"H’QI‘B& intﬁrvﬂ.lo o R E R R R R E R RN N O ) 29
15. Emndstone, maroon, fine grained, thin bedded, shaly,
ferruginoue; Fe 13.93,Fhoe. 0,22



Osologlic section 2 (continued.) Thicknees
feet
lhc cﬂ'ﬂr‘& intﬂrv‘loc ----------------------- S A EE YRS EES SRR e 5-5
15. shﬂlﬂ, drih -------- R T R R S T I R T TN 2

*Upper ferruginous sendstone”
12. Zendetone, msroon, fine to coarse greined, thin to medium

bedded; containe msroon clay gslls, ferruginous, ¥e 15.27,

Phoe. O0.26) . iveevninsasoasnncoans e e E e vl SN RY RE
11. Sendeteone, drab grayleh-marcon, fine grained........v00e0e 1
10. Covered interval.c......cic.sn. N e vesstesnarsssnne B
9. Sendsione; dreb grsyish-mercon, fine grained........ vesasss 0.8

"Middle shale"
8. Shele, dreb~ grey te greyish=~brown; conteins interbeds of

fine grained brown and gray eandatone@...cccuviissneevannnscs 27

To sﬂndﬂtﬂnﬂp drﬁh gr!yiﬂh-marnﬂn---a---1--------1'-..----1..m E

ﬁt co"rﬁd intﬁrvﬂlc ------------------------- T T TR R R R 1?-5
%« Epndetone, drab grayleh-meroom, fine greined......cvivevues B
ku Gﬂ'ﬂrﬂd 1ﬂtﬁr751-¢ ----- sPh e sLeas RS RAREEE S FAB B L AR NI O E AR e Iﬂ

%+ Ehale and sandetone, ehale pale tan, eandetone, dreb browniesh
Erby, fine grﬂiﬂﬂd' qunrt‘u'ﬂ-ll'I--thtolla--q-q-iililll‘, 2
"Lower ferruginous sendstone I

2. Covered intervel; probably ferruginoue ssndstone; cendstone
flost, marcon, fine to coerse greined, ferruginous......... 9
* Lower ehsle"

1. Gﬂf&raﬁ inter?al. ....... & B B & B s ® B BN wEENEEEeouwa BN rAEEEYE B DN 22

Tuscerora sgndstone

Theee two sections indicate e thicknees of 165-170 fest for the Hose
Hill formetion. The "upper ferruginous sendstone in the Ury Fork sres
hed chgerved outcreps thet ranged from 12 %o 20 feet in theknese(eversge).
Since the "middle shele- "upper ferruginous sandetone® contesct wse never
expored the "upper ferruginous sendestone” will probebly average 20 feet

or better. The thicknese, however, needs to be proved by core drilling.



In the vicinily of DF-8 and DF-9 s messive ledge of "upper ferrugincue

sandetone” ie expored. The ledpge rangpes in thickneass from 15 to 25 feest.

Twelve chip eesmples were taken from the sres snd the resulte are

tebuleted below.

Sample No. Thicknees Zone % Fe.
PF=1 16 feet ufe 2095
IF-2 10 feot ul's 14.51
DF-7 L feet 1fg 17.09
WF=4 15 feet uf's 19.8%
WP-5 23 feet uf's 14.7
4 DF=6 7 feet uf's 16.93
§ DF=7 21 feet ufe 14,99
WLF=-5 20 fest ufs 15.8C
S T=0 15 feet ufe 16.12
DF-10 8 feet 1fe 18.54
oP-11 eexzpled ecross sirilke uf's 13.70
en dip slope
«F=-12 183 feet uf's 18.54
egibed Av m“‘?-ﬁ-eﬁ’ . &7
Avereges Averepes

Entires sres

Thicknease %Fe “Phee .
UFs 16 faet 16.77 107 UFo
LFS 6 fest 18.05 .115 LFS

+201
«159
007

174

165

Taylor property{sreas cutlined

Thicknees

13 fest

Laf foet

¥ Denotes sawples used in meking sverspges for Taeyler property,

4 Tenotes samnles trken on the Forest Products tract.

in red on photos )

%FE %Pﬂﬂﬂ -
17,22 .20%

17.00 150



"Keefer" sandstone
The Rose Hill formation iz eonformebly overlein by the "Keefer®
eandetone. Goed exposurse ccour aleng the southern flank of Eest River
Mountein where the formetion forme prominent flatirone. The "Keefer® ie
also partislly expoeed in the nose of the Dry Fork syncline just south-
west of Jesse's Knob. Here the "Keefer" ies estimeted to be not more thenm
10-15 feet thick.

Tniﬁff;;;;tinn ie compoeed of drab prayish=white to white, fine
to mediu= to cosrse=greined eandetone. It containe interbeds of pale
grayish=-gresn to olive-dreb shele. The formestion gredes upward into a
rele grayleh=white to ten, fine-grained, thin-bedded guartizose sendstone
thet freaquently ehowe traces of mangsnese minerslizetion. The sendstone
beds commonly econtein the cetreccd Leperdites tho none were found in the

impediate eres. The "Keefer" is estimsted to be 75-100 feet thick in the

Dry Ferlc eres.

Alluvium and colluvium

The =lluviel snd celluvizl deposits in the sres were cutlined on the
ssrial photos. Along Eest River Mountsin and perticulierly in the
southwestern corner of thie mountein the bedrock geologzy is elmoet
completely buried under messes of Tuscaroras end Rose Hill "telus".
Thie "telue® iz compoeed chiefly of blocke, boulders, cobblee, and
pebbles. Similar depoeites clog all the drews extending dewn the southern
slope of Ezst River lounftalin. In the headwaters of Ury Forl sll of the

erse elong the cresk is obscured by slluvium and colluvium.

Etructure
The dominent strueture in Dry Fork is the Dry Ferk esyncline. Thie

fold trende southwset to northeset ond Jossels Hnob forme the nose of

the syneline. The structursl axis clesely parzllels Dry Fork creek.



The southern liwk of thie eynecline is probably cut by two high angle
thrusts {1). The thrust (1) reletionships ere obscured by alluvium end
colluviusm end outcrops are scerce. The Duckhorn Mountain arez just
egouth of the hesd of Dry Perk Creek is antielinel. Although syoradic
outerops of Hose Hill ferruginous sandstone cen be found along the
creet and southern elope of Bueckhorn Mountain(outeide of the mapped
sren) the srea is too badly faulied to serve me s source of iren
ore. The siructural complicetions end numerous low-sngle thruste eleng
thie mountsin stem from the great Harrowe thrust which trende slong
the southern bsse of Bucdkhorn Mountain. Miner thrusting sleo occurs

in the poet-Feese [Hill formetione slong E=et River lMountain.
Tonnage Estimates

Cnly the arees ocutlined in red ink on the aerisl photos were used
in meking the tonnege estimates. The other aress were elither too emell
in surfece srea or else obscured by sclluvium.

Twe itracte of land were luvelved in the estimete. The firet tract is
the Dry Fork of Teylor property. The second irsci is the Forest Iroducte
tract 3ocated on the southern slope of Buckhorn Mountein juet eouth of
Jesge's Knob. Tonnege estimetee in the chert on the followlng page

were caleculsted using different estimeted thicknseges.



If Then
estimated probable
Trect Ore_sone thicknesg is tonnzre is

Teylor traet uf'e 15 feet 11 million tone
Teylor tract ufs 20 feet 15 million tons
Teylor trsot uf's 25 fest 18.5 million tons
Taylor trect 1fa 10 feet 1l million tons
Forest Products trect wufe 15 feet 7 million tone
Forest Products traet ufs 20 feet 9 million tons
Fopset Freducte treect ufe 25 feet 12 million tons

The sbove chert illustrates a probable ore estimete from 11 to 18
million tone of erude ore for the Teyler preoperty and & probable ore
egtimete of from 7 to 12 million tons for the Forest Productas treet.

Since the aversge overall thicknese of the "upper ferrugzinous sandstone"

is probsbly 20 feet, the estimate for the Tayler tract is roughly 14-16

million tone. The Foreet Products trect probably contsins 7-0 million

tong. Core drillings ies needed to prove the exset thicknesses of the

re gones.
Summary

The Teylor property in the Dry Fork ares conteins & probsble ore
reserve of 1L~18 million tons of crude cre. Thie fizure is hased on
en estimeted thicltness of “upper ferruginous sendatone® of 20 feet
and & mineecble aree e8 outlined on the merisl photos. By leesing en
ad jacent property to the escuth (Foreet Products traet) en edditionel
7 million tene might be obtained.
Twelve chip samnles were telken in the area. The iron content of the

"upper ferruginous sandetone” ranged from e low of 14.35% to e high of



20.95% while the nhoephorus ranged from 0.1057% %o 0.297%. The sverage
iroa centent cof the "upper ferrugincue sandetone for the wmineshle srees

on the Teylor property was 17.%2% while the everage for the entire area

wmapped wag 16.77%. Tha iron content in the area 1s variable.

Fecommendatlions

1. If 4t 18 proven by Hannae Hining that ore avereging 17% Fe and
ruaning in sress sz low ess 14.357% Fe cen be ueed then the area sheould
be leesed. If more chip ssxnles were taken in the vieinity of DF-4 and
LF-5 then ithe zverage of ihis one arem wight be raieed to 17-18% Pe.

2. If leseed the eres should he plane-tehle mapped, core drilieq,

end sempled in deteil.

10.
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BRIEF HOTES OR THE RECONRAIBSANCE OGEOLOGY OF THE MERCY BRANCGH=--RILL

CREEK ARLA, GIIFS COCUNTI, VIKGIRIA

Purpese of Investipation

The purposs of this survey wes to meice a semi-deiplled geologic mep of ths
erea loased in the Jefferson National Forest, Uiles County, Va. &n attempt was
made to ascertain the extent and thickness of the twe ferruginous sendstome units
contained within the Hose Hi1ll formatlon. Seven chip semples were teken in the

Ferey 3ranch area and a chart ehowing tomnage estimates wes prepared.

Method of Investigstion

Aerial photos enlarged to a scale of 1 inch squals 1,000 feet were uced for
beso mape. Brunton compass and pace and tape irsverses wera ﬁaﬂg acroge the out-
crop belts and observation points (shown on ths photos ) were marked in the fisld
by stacked stones hearing the observation point number. Fleld work comuenced in

April 1964 and terminatsd in June 1964.

Location of the erea

The arsa 18 loceted in the northwestern portlen of Giles County enda lies
within the synclinal arsa bounded by Wolf Creek Mountuin on ihe nerthwest and

Pesris Mountain, Suger Run Mountain, end Brushy Hountsain on the eouthesst.

Acceesibility of the Area

The Msrey Brench—-Flat Top Mountain ares is sccezeible by Ucunty Koad 665
up Wilburn Vslley and County Road 66% along Suger kun Creeck. Numerous jeep
roeds extend from the Hational Foreet Foada that give good nmeccees to the eres.

The reglon ie covered by seecondery timber growtk, scrub brush, and laurel thiciets.

Previous ¥Work

An earlisr worker in the sres wes Charlws Butts who included the srés in his



2e

®Geclogic Map of the Appelachian Valley of Virginie“. 4 detailed geologic mep of
ies County has been complled by certain Virginie Pelytechnic Institute graduste

students and the suthor. The report is being prepared for publication by Dre. B.N.
Cooper, Dept. Geologic Sciences, V.Pe«ls, Blackeburg, Va.

In Sept. of 1961, Minersls Uevelopwment Corp. initisted & core drilling project
end mapping study of the area. By Januery of 1962 17 drill holes were completed.
All penetrated the Roes Hill formation. ln June of 1962 e genermlized geologic
map of the eres was camplefied. Several bulk samples of ferruginous sendetone were
teken and shilpped to Jermany for beneficiation tesie. Those mauple srees ere indicated
on the serial photos. Specific information regerding tonnages and test date le

availoble from Minerals Development Corp.

Sﬁrntigraphy

in thle report only three geologl¢ formastione sre of importance. These are
the "Keafer" gendetone, Fose Hill formation, end the Tuscaroras sandstons. Only
the Roee Hill formation iz of economiec intereet. Sincs the formations hsve been
adequately discussed in other reports they are only briefly dlscussed here.
| "Ysefer® sandatone

Ihe "Keefer" gsndstone overlies the Rose Hill formstion esnd is composed of
greyiah-white orthoquertzitees snd pale greenlsh-gray szhalee that are roughly 200
feet thickt. In Giles County the formetion varies from 120 Ffeeil to 270 feet thick.
The qusrtzite members are resistesnt to erosion and form prominent “flatirens” on
dip elopee. The "Keefer" sandstons csn be distingulehed from the older Tuscarore
sandstone only by stretigrephie position and the infrequent cccurrence of Lhe
ostracode leperdita in the "Heefer" esandstone.

Rose Hill formation

Underlying the "Keefer” sandsions is the lose Hill formation whish ie
composed of pale graylsh~greesn shales, graylsh-green fine to medium grairned
quartzose sandstones and drebemarcvon, Tine to cosrse~grainad ferruginous quartzose

sandstone. The ferruginous sendstones comprise roughly 30% of the formeticn snd sre



composed of sub=reounded guartz grains bonded together by hematite which fille

- the inSereiices. The formstion is divided inte five wepping unite. These include
in dessending stratigrepnic orders the "upper ghale" composed of pale greyish-
green shale; the “upper ferruginous eandetone® composed of dral maroon, iine %o
cosrae grained, thin to medium bedded ferruginoue candstonez; e middieshsle” zons
compasad of pale greyieh-green shale contailning intercalations; lsnges and inter-
beds of pele grayish~green fine to medlum grained quartzeee sandstone; e "lower
ferruginous sandstome”™ zones of drsb-marson, fine tc coarses grained ferruginous
gandeatons . %hin none containe several 2 4o % feet thick ehmle units which comprise
roughly 507 of the entire mepping unit. The "lower shsle" i composed of pule
grayish-groan‘nhalo. in the lercy Brencn srea this unii contains a thin ved of
drab-maroon, fins grained, ferrugineus eendatcne from 2 to % feet thisk. Thie
unit wee mapped seperately es "11fe® where exposed.

The entire formation ranges from 117 to 160 feet in thickness but averages
roughly 120 feet overall. The Tuscurora sendstone conformably underlies the Rose
- Hi1l formatione

‘Thickness ranges (aprroximate) ere listed below.

- Zonme Thicknees Renge (In fest) iverage (Approx.)
- L 25 feet
i 1Gmmm mmmm mem B 50 feet
me 2l 3G 20 feet
C 1fe 10==mm e 53+ 18 feet
le 16-- = mmme 40 20 feet .

* Average thicknesses of the ferruginous sendatons includes shale interbeds.
ths above figures illustrate the wide veriebility of the five Hoee Hill eub~
divielons. Purther these units were extremely hard to define. 1t wee extremely
d1Pficult to recognime, seperate, and map. In previously mepped arems te the scuth-
wept on Bipg Ridge snd Dry Fork the units ere more clearly exposed and much better
defined. Oukcrope in the lMercy Branch-~ Flat Top lountein ares were se¢erce end

the variability of the mepping unite along etrike led to some stratigraphle



confueion. %he ferruginous sandstone unite not only show a varlability ef
thickneee but they slsc very in fe. content, and percentage of shele interbeds
end partings. (See drill hele loge and anelyses for a more complete deceription.)

The seven chip samples llsted below aleo emphasize this varisbility.

Bample ¥o. Zene Thicknees in feet % Fa. %Phos .
1 1f's 7 16,30 0.151
2 uf’s 11 10.25 0.068
5 uf'e 25 11.36 0.121
4 uf's 7 10.73 0.166
5 uf'e 5 10437 0084
& 1fs sampled ecrose strike 27.89 0127
T 1fe 2.5 15,33 0.099
VETRLZER ul's 11.5 10.90 C.102
ife not calculated.

Tuscarora sendetons
The Tuscarora sandstcne underlies the ficse Hill formation and ie composed
chielly of extremely dursble guartzose eesndetones and interbedded pale preenish=
gray sheles. This gsndstone 1a & prominent ridge maker In the aree end foroe
meEgime cliffes that are eselly recognised on the eerial photographe. In Giles

County the Tuscerora veriss in thickness from 9C to 140 feet.

See next pare for tonneges estimetes.
i, AS‘:.




'CENAGE CHAHT FCR AREAS IH THE JEFFERSON RATICONAL FCREST
Aregs Zone Aree in eg. Hetimeted Tonnage  Total Total Eetimated Tonnage
ft. Yo shele thicknees Uo erea in area in thiockness
gtripping in Teet etripp~ 8q. ft. 8q. ft. 1in feet o7 4
24 ing Strip ue Strip ue, 24
ufe, & ms with
stripping
Mercy Branch ufe #,300,000 9 5,220,000 9,060,000 se-—ceaa- 15 13,590,000
1fe 9,900,000 12 11,880,000 =—==—=m= 24,870,000 18 %7, 300,000
Pearie Min. ufe 5,900,000 20 10,800,000 9,700,000 ~===——=w== 25 24,000,000
1fe 5,400,000 10 5,800,000 =-=——ew-- 19,100,000 15 28,600,000
Suger Run uf's %,270,000 18 5,000,000 32,800,000 ==—v-—com= 20 75600,000
Mtn. 115
1fs 750,000 £ 450,000 =—~eee—e=- 5,000,000 8 4,000,000
Flat Top ufe &, 240,000 15 6,500,000 5,480,000 —e-cmcem=- 18 9,800,000
Mtn.
1fs 2,300,000 10 2,300,000 =ww——em—e- 6,430,000 10 6,430,000
Total 43,350,000 Total 151,320,000

1§ Te area on Suger Hun Mountein mepped =8 Srh (undifferentiated) wae not included in .
the tonnege estimates. Meither was the ferruginous sendstone belt north of Mill Cresk
{along Wolf Creek Mountmin). The belt just north of Flet Top Mountein was not
included. {Ares batwasn Flst Top Mountein and Mo Business Creek).
2§ Thicknegses swe coneervative end based on drill hole data and field observations
of thinning & nd thickening both up dip end along strike. {lic shale intervels are
included ).

%4 Tonnage estimptes asre beszd on 1 cubic foot of ferruginous sandstone welghing

200 peunde.,



Aecommendations

1. Thet ell information coliected during the Minerals Development Corp.
"iron ore® proiect in southwest Virginis be edited, condensed, and

compiled into one complete report.

2+ If further deveslopment work in ihe sres is underteken then the arecea

ghould b2 plene teble mappad end pattern core drilled.

SA.a %m\

He &ie MDOH, Wre
Field Geologiet

Kinerale Developmeng Corp.

16 June 1964,

6.
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FIELD NOTES, JEFFERSON NATIONAL FOREST (MERCY BRANCH, FLAT TOP MTH. AREA)

Humbere cerrespend te these en the 1,000 feet te 1 inch mcale
seris) phetes.

5tk etcs. as. drab-gray, te white; or. gr. NSAE dip 155.

Upe. foe #0., drab mer. fn. gr., fe, thn. te med, bedded. exp. on resd.

Upe fo. 80, &' oxp. drabe. mar., exp. under pewsr line. 533E dip 50SW.

Stk under pever line. N5YW dip 55W.

Upe feo 68+ drab mar. mestly ceversd. NSE8E dip 118.

Line of traverse frem 6. S62E, ne etcs. seen te creek.

Btk oxt. otos. #8. gre whe, cre gr. NI3E dipl3B. 20 feet enst reading is N5IE

dip 158 5 feet exp. qtzeee. ®s.

8. 54 en treil S82E dip 65.

Pe

10.
11.
12.
13.
14,
15.
16.
.17,
18.
19.

20,

0ld prespect pits dug in area. Lewer fe. es. and she, chec. br. rich in Mn.
but unit is net ever 1' thick. Ares eperadically everlain by thin veneer
of 1fe.

St etos. may net we in plece NS3E dip 35.

5t ledge. NS1E diplOS.

8t. NGOE dip 55.

8¢t exp. in draw epprex lec. F6OW dip 85.

8%, NSAE aip 5.

Cress resde
H »
" L}
| ] f

St etcs. MB8W dip TB

Cress resde and eld pawmill turn sreund. Apprex. lec.

21. Stk=us« coentact.

8 22. Stle expe in read. S38E dip TSW may net be in place.



23, ¢J, N5 dip 228

24, 5t, NSLE dip 18N.

25. 8¢, NSSE dip 15N

26. S5t caps ridge NS4E dip 14N

27+ Lfs. Lesk for small saddle bshind 1fs. This eeddle mics. ms~1fs centact. “ist.
frem 1fa=ls centaot 150 feest. .

28. 8¢ ceps rldge. W55E dip3s

29. 6t cape ridge. NSAW dip¥S.

30. 3t caps ridge. I5E dip 4¥.

%l. 8t. 2TE dip BiW.

52. St NS5E dip 13Mw.

%%. Oreas rds. St in drsw N of cress rds.

4. St~18(Srh) centact en eld reai.

e Cress rds. 5t in vic. spprex. leoc.

25, 5t belew ridge. BS51E dip 13N..

37+ 3% en Mercy Br. N69W dip 55,

38. 30 feet W of 37 NIOE dip TSE.

39+ Crese ris. 1lfs fleat @n vieinity.

Ae Lfs fleat In vicinity.

40, Exc blecks eof 1fs.

41, UPs. 3 feet expe os. drab mer. fe. NA2W dip 10SW. spprex lec. enly.

42. Cress rds.

43, Ufe. 4 feet oxp. np. érab mar. cr. gr. fo. R25W diplev.

44, Uress resds.

45, 8t exp in creesk. apprex. lec. may net be in plroe. 527w dip TN.

46e Ufn. 28+ drab mars cre. gre 3 feet exp. N34W dip 178W.

47. 7 feet stco. Ulns 96+ drab mare, ¢re gre, fe. §5W dip 5¥. Sumple 4 tsken here.

up ah. en tep of ledze.
48, 9t in read, may net be in place. N2SE dip ONwiW. 30 feet 5 N4E dip 6W.

40, Start ef traverse.



40-60. Traverse peints wleng read te drill heles. Foints shet by hand Brunten

by one man enly.

gte.Bearing

ho. 4B

50. N79®30'E

31. B3JE

52. WS1E

5%, K82E

54. NT9E

55%. N36E

56, N36E

57. H6JE

55, NATE

59+ 875°30'E

60. HE6GE
WhSW

61. N6BW

62. WASW

63. WO¥
W7

y Start frem T6=12A.

65+ N62E
66. HO2E
67+ 882K
68. NT4E
69. S6TE

70, &50W

Distance

186 feet
256 fast
103 feet
100 feeot
200 feet
100 feot
100 fest
65 fest
94 fest
%6 feet,
110 feet
771 faet
100 feet
100 feot.
36 feet
200 feet

18 feet

100 feet
100 feat
100 feet
17 feet
115 feot

170 feet

?10 S5t etoms b’)-BE 152“.

5 pesne ms=1's centact
11 pess. ufs-me centact.

11° tep of ufs.

0

$ Diamend drill hele T6-12A

0 T=15A {Diamend drill hele),

64.
§94 Frem 64 bearing H50W fer 100 feet. Edge of ufe.
§5%

%]
O  Dismend drdll hele T6-13A.
besring frem T6~12A. Exe. exp. of ufe.

s, drab. mar. feo. Displays crese bedding.
5 feet exps N30E éip 13kwi.



72. 8¢ etome cap ridge. NS4E dip 15N,
75- f's. oxc otos. BEGE ".p 8.
The Ufs. 5 feat exp material varieble, many beds barren of feo msterial. Fe preb

129 er lesm. K70% dip 2ME, Semple 5 here «

75+ Pelnt en read.

76+ Pess 5t otcs on resd.

77 Hot used.

78. Crees reeds. 5t 1n creel,mestly fleat.

79. §#é9difdddd/ Bulk ssmple arem, frem here materisl was tsken fer testing.

80+ Leg lesding ramp. 3t NE of ramp in cressk.

81. 8%. N358 dip 15N. 2 feet of fe. @s. cape ridge in area. Thie is prebably the
lewest or third zone ef fe. es. enceuntered in DDA T6-124.
Hete frem 80 t0 81 area all shale.

82. 8% etes. caps ridze. NBGE dip 14N,

8%, Apprexe lec. enly. 3t etes. well belew ridge en 5 slepe. N30E dip 10K.

84, 5t. N3SE dlp 6N. Lec 15 feet Sw of large beundery marker.

85. Point en reud near desd chestnut 8 feet tall. *raverse besring SLOE te

86. 5t-1s centact. HAIE dip 12H.

&7. Beering Dist Slepe Remarks
87. BEOE 100 Feet s}
88. N34 100 foet 0
89. KESE 100 Faet 0
90. M4SE 100 Feet 0
91. NEAE 100 fect

92. NB4E 39 §igifeet 0
93%. NS5E 100 feet 0
ok, Wa2E 100 feet 0
95. M22E 100 feet 5
96. H20E 166 feet 5°
97. HISE 100 feet o 5®
93; N10E 100 feet 59



99. Bearing Dist Slepe Remarics

99. N38%20'E 113 feet Le

100.N75E 1C0 feet &

101. N46E 100 feeat 5%

102. 1B5SE 81 faet L¢

103, W1SE 100 feet 7* St 28 at 36 faeet.

104, NISE 106 feet 7*

105. 1258 156 feet 5@

106, W55E 100 feet 0

107, BATE 113 feet 0 Sta. 21 Stk-us centact.

108, WS52E 100 feet 3% o

109. W52E 53 faet 0

1104 E 100 feet -2

11l. B 51 feet -3

112. 865¢ 100 fost -3% At 72 feet ush-ufs centact in resd.

113. 3658 27 feet

114, #3%8 100 feet e b

115. 1208 100 feet -4

118. #45E 100 feet

117. N4SE 100 feet At 70 foet hoyend 117 ferk in read
peints X .

118. BA4SE Lo feet

119. S85E 100 fest -5

120. S86E 85 feet -5®

120A At this peint chip semple 5-~]1 was tekten. 7 feet 1fs. exp. ss. drad mar. fn. gr.
fa. Boaring te resd dus & fer 219 paces. Cums sut of traverse st Sta. 117.5

121. 2588 37 feet O Cresm reosds. Sewnmill turn-ereurmd. Sts
20 15 feet HE.

122, E6%.5E 126 feet 0

123, ST2E 97 feeot 0 We=-ms centsct lies parallsl te end just

il of traverse.
124, BAAE 100 feet o

125. K32E 100 feot 6*



Bearing Distance Slepe Remarke 6o

126. NAOE 160 feet 6°
127. K26.5E 100 feet &%
128, N%E 73 foeot 50
129. N55E 60 Teet 0

150, End of traverse. (0ld reads ferk.

131. Nerth elepe of ridge. 5% otes. NJOE dip 10S. Besring fwem Sta. 85 ie N20W

152, Stk=us centaet. Besring I20W frem Sta 106 fer 330 feet.

B35« S6TE from Sta 122 for 246 feet.

154 H28W for 18 paces. iiere Chip “ample 5-2 was taken. 11 feet of uf's is exp.
ee. drab mer., fa. te cr. gr., fe., thick bedded, displeys cress-bedding.
BT dip 158.

1535, Massive ufs etce. expe. 2% feat thick. Chip Semple 2-% taken here. 5s., drab
mars, fn. te or. gr., fe., displays cressbedding.

136 Ufs. expesures. spprex. lec. enly. 858k dip 168%.

137. Ufee, may net ke in place. ST78E dip ONE.

138. Line ef traverse frem Sta. 195 is 830E fer 87 proes. Stk etes. NEOE dip 1081
159.‘15 feat H of peint 5t is expesed in creek. HA4QE dip 8N. |
140. Prebably ufs etes. Reugh lecatien. R64W dip 7SW? Bearing ES%W fres large pl ne.
141, 3tk etes. reugh lecatien. I22E dip 10N. Bearing I52W frem lurge pine tree.

142, St etos. NAAW dip TSW.

14%,. Chip zample 5=6. Rough lecatien snly. Li't sampled acreee strike ne etecs. seen.

1hb. Chip Sample B~7. Sampled 2.5 feet 1fs. s2., drab mer., fine gr., fe., abundant
elay galls.

lbﬁ.l&pprox- 1fa~ls centact exp., en read.

146, 1fa. 2 feet exp. »a. dreb mer., fire gr., fe., thin-bedded. NBOE dip 28W.
147+ Apprex. 1lp=Bt centact.

148, Us=ufe epprex. centact.

149, Stk=-us centeot WSTE dip30ii.

15 . Preb Stik=us centact.

151, Apprex. Ue=ufs centact.

152, Apprex ufe=ms centuet.

15%. Approex. 1lfs-le centaect.



159.
160.
161,
162.

16%.

Te

Lfs. 8" exp. in resd. Se. drab mar.,er. gr., NSTE dip 19K.

. Ufe-ms centact?

Sterted treverse up eld leg resdé. ie gsed etce. seen.

St caps ridge. WASE d1p 23N.

3¢t caps ridge. HALIE dip 10H.Line of traverse frem Sts. 158 is N50W.
0=315 feet  Bt.

315-726 feet Cevered intervsl, includes 1fs.

726=1040 feet Hiddle shale.

1040=-1139 feet Upper ferrugineus sandstene.

1138-121% feet Upper shale.

1219-1600 fest "Keefer" pandstens.

Dismend drill hele TS5-144.

Stk jurt N of eld resd. Apprex. lec. enly. H25C dip 15K.

St en & plope of {¥igY Pesris Mtn. NSOL dip 25N.

& feet of 1fa. cepe ridge . Me=1fe centact om high peint. HS3E dip 22K,
Exe. oteps of 1fe eord ufes exp. in ecres. Uf's caps ridges Exe. place for
moasured eectien ané chip sampling. 12 feet of 1fs ales exp. mo. dreb mer.,

fn. gr. fe. NUOE dip 17H.

Stn. Bearing List Elepe femarks

P5=-144  SLOE 160 feet 120 §tk and Srh flest

164 " . 10® " L

165. » ¢ 14°

166. v . 15° Inferred us—ufs centsct at 166.5 er
166 plup S50 feet.

167. H b 13*

168. K " 10° ufe flest

165. i " 15°

170, L # 150 Me=1fe centect lecated at 170 plus
50 feet.

171. " " 19°

172. " 8 10°



Bearing Dist Slepe Remarks 8.

17%. 8408 110 feet 0 Lfe-le centect at 172 plus 50 feet.
La caps ridge.

174 8t etes. W7IE dip 244

175. Oress resds.

Boaring Dist Slepe Remarls

176. 8 100 feet 16¢ BtK etca ané fleat

177. 8 160 feet 15' A n "

178. & 100 foet e Btk

179. S 100 feot 20e .

180, £ LOC feet 50 At Etr. 180 plus 60 feet Sti-us centact.

181, & 100 feet, 9* At Ste. 131 plus 50 feet apprex.
us=-ufe centect.

182, 3 100 feot 15° Ufs .

18%. & 100 feet 15° H

184, 8 50 feet 0 UWe~ms contaot.

185. 8 100 feet 7°

186. 8 100 feot 15° At 186 plus 15 foet. Apprex. ms=-1fs
centaet.

187, & 100 fest 10% Lfs

188, S 100 feet. 59 At 188 plue 50 feet 1fe-ls spnrex.
contact.

189. B12E 100 feet 5e Ls, peseitle lowsr lewer ferrugineus

ssndatons expesed at 90 feeot.
190. B810E 100 feet 0 5%t-13 centact.

191, Het marked in field distances estimated by pecing te ridge cresi.

5 0~120 feet Bt
3 120-427% faet 5t caps ridge crest at 425 feet WSOE dip 18W.
192 & h23-£06 fest 0] eten. at 6C6 fest N7SE dip 18N.

16%. B% etos. NJOE dip 17H.
194, Rot used.

195+ BEt=12 centact in resd.
196. Infaerred centmct lfe=le,

197 Small clearing.

-~—n . .- —cmd v ah TPamla 1w rasi.



199. Y14 prespect pit.

200 Lfe~=le osntact on read

201. 2t=1s centact

202+ Fepd junothn.

Eﬂj. Pepaible lfe=ls centaot.

204, Me=1fs centmet in road.

20%. Apprex. cestact uls-ms.

206. Us~ufs centact in remd. N32E éip 10W.

207, Us-ufs eontact.

208, Lecated 270 feet IE of Stm. 199. Mo-1fe contsct. IRAL dip 1SK?
2029 Dismend drill hele T2~184, BOC feect IE of 159.

210, Pesvible ufp-me centsct. NIIE dip TH,

211, . us=ufs ecentact.

212, Btle-us centact.

213 8%k exp in read. M56E dip ONE.

21, Preb. wWe-ws contact.

215« % of 214 aleng resd. Me-1fs contsct. M26E dip 1AN.
216. B8 of 214 preb. 1fe-ir coentast.

217. Besring Distence oulm. Slepe Rgmarke .

217. 8358 0-810 fest 15° At B10 feat Fes-shale centact.
B, ¢ 144% feet 5® Fa=1fs centact.

. 1853 feet 0 Pesrible 1fe~1s contact.

. 1980 feoet 0 st centact.

! 2200 feet 0 0l leg read.
218, ¢ 3530 feet (o] didge creet 5% eleos. FTIE dip 4N,

215« Fese. ue-ufe centsct on resd.

220« Peint en read 225 feet SE of 219.

221. Apprex. contsot ve-ufe in resd.

222, Elc-up contest in read.

22%. Stk sa.,whe,ere gT, qisese. NFE dip21N.
224, B4 88TE dip 13N.

e i oas . = i ey AN % a2 SO B A Per % ma o~y



2264,

228,
229,
230.
231.
232,
233,

10,
Us=ufe contact.

Ufe. & feet co., drab mar., fn.to cr. grey fo.,thn. to med. bed., massive
flaat blecks in erea.

Ife~le contact?

Dld log read of 17 mein read.
1 W # 6

Apprex. eontmot lle=ls.

Cld leg reed off clearing.

Bearing ME en old leg reed far 537 fest.ifs etes. Just esst of read.
L feet etes. a8+ drab mar.,fn. gr., fe., thn. bsdded. 3302 dip 13¥.

FURED Boddi taidends: Apprex.? la-lfe centact.

2% Sherp kend in eld resd.

2%6. Mp7 shale expesed in flat seddle.

257 Btk whe gtzite exp. in reed. HEOE dip 20M.

256, Stk NS5E dip 24N. Stk-us contact epprexs 100 feot SE of rosd.
259+ &pprex Stk-ue centacl in read.

240, Us~ufa contect in resd.

241, Stk-ue centact. 241A. Ufs Or 1fe’ N36B dip 270W.

2k2. Fead junction.

2L%, 7 feet 1fe sice., érab mer., fn. gr., fe., ton. beddeds B4R dip 150W.
2bh, Ufe aprrex. lecs 350 feet W OF 207. STAE dip 1%8.

€6 Besring Slepe Dist _Remarka.

220. 5308 15° 0-612 fect UPs—mm centsct at 612 fest
245 " a 0-210 fast ms=-1fe contact st 210 fect
246, ¢ 1% 4%2 feet 1fs=1le centact.

ohy,. 0 ¢ 522 le=tt contact st 247 feet.
2ka, ° traverze in St.

249. Grene repds.

250+ Ife~-1lp cenlact.

251. Wfe~1le econtact.

Lfes poselbly lewer zeone of ferrugineus sandstone. NSOE 248.



1l.
255, la=5t centaot.
258 Ma=1fs apprex. centaect.
257, fs expe in resd. N43ZE diplhn.
258. Apprex me~1fs centact.
250, Pelnt en roaé. Bearing frem 259 1a E18E fer 140 feet te T2~15A DDH.
260+ Ua=ufe contact.

261. Ufs~ms ocentscts. 19 feat ufs es., dradb-rar., fn.gr., thn. bedded, f2., shsly,
HAOE dip 148,

262 . Un-ufe centast.
26}- Paint en read.
254, Peint en resd. Avrrex. us- uf's centact.

265. Aporexe ue=ufe centacte. acrees read.

2€6. Besring Cistance Slope Remaris

2fh. 8W along rd. 110 feot 0 ¢ 266 Stk=ve contact in rd. ce.,dreb gr. whe
qtzcee, fne gre, WHCE dip 16H.

2 66, 140 feet @267 DDH T2-1h.

2£€7.. " 210 feet @ 2680 Stk-us contnct.

2€8. " 155 feet %@ 260 Us-ufe epprox. conteot.

269. » o0 feet @ 270 inferred us-ufs contect.

270 " 242 feet @ 271 pte on rd. Stk~ue céntect liess 90
feet to the MW. H14E dip 14MW.

271. " 180 feet # 272 Us=ufe contect. spprox. eontect.

272 . 112 feet & 27% Approx. ufe-she contact in rd. 14 ft.
drab ey frie 24 ST fe-, Nf)UE ﬁlp 155.

27%. e 115 fest. @ 274 ufe-up contact exp. in road.

274, " 140 feet @ 275 ufe~we econtast in roed.

2?50 i 1?5 fect to 276

276, Inferred ma-1fe contaoct.
New Traveree o
267. sh5R 225 feot 147 lo outerops seen.

277. 1fa ceps ridge. 1 foot fe. 8s. exp. 2e., dreb mar., fn. gr. fe.,
HBEE dip 12H.

278. 5t. KESE dip 14W

270. Stikee 12 foot ledge , massive fu. to oTe gre gray wh. , ghzose. ed.

Ay 34 BTN



12,

230. Stk exp. inrcad bend. es. drab-gray wh.,fine gr., qtzose. Jd HOUE dip BON.

281. % feot exp. 8. drab mar. fn. gr., fe, tha to med. bedded. N77E dip T56L mey
be cverturned.

252. Road fork. 2024. 5%V ledge in old rosd.

283. Dianond drill hole T7-ka.

284, Junctien frew roed to fleld.

285. From Sta. 284 to 6te 295. Theee are all 100 foot increment pointe placed
elong the Flet top Mountein Road for referance. Since no epecific observations
vwere mede et these pcinte they were net logged.

28%. Croes roads.

«84. "{" roads. ls-2t contact lies approx. 80 feet $ on road from this point.

287+ Lfa~1e contact liss 60 feet H of 286 on road.

288, "Y! roeds, Lf3? noscible 1lfs-ls contact & 288.

289. Lfs=sh contact 160 feet W 0Of 233.

290. *¥* roede. DDH T3=9A liea 558 for 66 feet (by pacing). Evidence of thrusting,
brecciatéd gtzlte lles 79 feet NW of 220 on roed.

291. %8. dreb mar., fne. gr., thn. bedded, H2L dip 49N,

292. *Y" roads, possitble Stk contact.i5 feet SE on road.

293, Ltk exp. in rosd 280 feet NW of 292. Bs. drab gr. whe, fn. gr., gtzose,
oy not be in plece. SLOE dipSBN.

29h, rFoesible fe.os.=ph contaet in roed.
295. Foint on road 5t {lost.

256. St=18 approx. ctontset in road.

297. Inferred lfe~ls contact in road.
298. Pit dug in 1fe.

296 . Approx pe—=1fs contemotl..

%0C. Apvrox ufe-me contect.

%01. Diemond drill hole Th=-18A.

302. Peint on road.

30%. C1& log resd., %0 feet S on roed fe. 8s. axpe on road. 8s. drab mar., fn. to med.
gre, fe. 2 feet exp. S84E 158,

20l . inferred contact le snd 1fs.

405. we~uf'e approx. contact in roed.



308, Stk=us contact. HLOYW dip 1%56. 45 feet WV resding is BA%Y dip 1A5W.

207, Otk otes. g8+ drab gray, bte whe, fa. gr. gluoite. Bhdy éip 96w,

308, "7" roade 75 feet to thbe Wi fe. spe Otce.

09, Fceaible fe. po.~ls contact.

310, Whe ss. S SZIL dip Amwd

211. "Y" roseds.

312. "1" roeds poselble 1fe-ls centast.

%21%. Ue~ufe contuet eporox. loc.

21k, Tntrenee to fleld.

15, Eth~us conteet just ¥ of creek.

216. "Y" roads.

217. Poobable us=uls conimot.

218. Frob. ufe-me centact.

15, Stke-us eontact. & fest otes. drab gr. whe, thn. to wed, bedded, fn. gr. gtzose.
BAGE d1p 17N,

320, Ua-ufe contact 116 paces from %15.

321+ fesring Liet. Lesaria

*21. W 1€0~165 feet Stle oteee BATR 2LHdip. SBey drab pgr. vhe, fr.to cr. gra,
itzose.

Z22. CFOR 237 feet us~ufs eontact.

%23, liot used.

204, Wh. #s. prob, SL7 exp in roed H71E dip 105. &84, gr.whe, er.gr., massive.
2%, 5t approx loc only not marked in field. WHOR dip L6,

z226. Point on path 1fe.

7. Wh. se. BAZE dip 258

228. Foint on roed.

Z29. * ¥ roed, me in erea.

0. Diemond drill hele Tl-7A.

5%]1, Poss. ufa-ms contact.

%572. Fose. ufs-ms contaet.

%23, Me-1fe contect.



. 3.

R
258,

£36.

x¥
A

3%8.

0T

28

14.
Utes., gre,to whs, cor. gr., gtzose es. NB9E dip 235.
Pogelible ufs=ms contaet. 5%5A. Foint on road Bulk esmple area.
Approx. ufg-me contact.
me=17a econtact.
Ifa~1a contset. § 4 feel se. drab mer.,Fn. gre, fe., thin bedded.
NTSW dip 168.
Ia=-Bt contmet. S70E dip 158,
Bend in roed.
Ufe~me eanteet.
¥e~1fe contact.
Ife~le contacti
la-8t contaet aprrox.
Gt~ls aprrox. contact.
Le-1fe centact.
Va=1fe contaet.
Gurve in roed. Dismond drill hele lecated S38W for 42 fet.
Ufe-me contact.
Inferred lfe—le contoet.
Pose. ufe-me ceps ridge.

St-1s contect just 60 feet W.. NT5W dip 155,

. 9t. HOSY dip 18,

8t. BB6E dip %S,

Wee BBe, drab mar., (ne.,grained, fe., 1 root ¢los. [eds nearly flat.
S80% dip 29.

Otk otem. @34, dral gre whe, fine gr., qizeose., exp. on rosd. Approx. loc.
oL dip 144,

7" roads.

"I roeds.

"Y" rosds Stl.

Approx. Zik-ue contaet.

Ue-ufe approx. contact.



15.
X62. " I* roade.
%53. 4 fest otes fo. ms., drab maer., fu. gre, thn. bedded. elabby. WISE dinhNd.
364. Point on roed.
365. Stk, 4 foot otee., es., drab gr. wh., qtzeee ss, N18L dip 19W.

365, otk 2 foot otes. =8., grayish wh., er. gr., qtzose, rough loe only not msrked in
field. HN35E dip 12N.

267. *Y" roeds.

358. Crose roedg.

%69, 2 fool otes. ufs., drab mer., fn. gr., fe. 9L dip 158.
Z70. Point on roed.

371, Btk rovgh lecaiion ounly. 378E diplés.

372« "I* roads.

272, 81, S8TTE d4pl38..

Z7h.. Otcps of 1fe.? 10 feet thick., M20E dip 1ONW.

375, St. N8OW dip 219.

376. Fe. nB., Y92E dip 155.

Z77. Ufs.. % fest otem. 88+, dreb mar., cr. gre, fe. SO7E dip 10S.
378, UPs. 2 foot oton. exp. e8. drab mar., fn to er« gre, fo. HLIW dip 25W.
370. Foint ¢n hill on pece traverse.

380. roint on old log road.
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ANALYSIS OF CORES

HOLE | NO. DESIGNATION ANALYSIS USABLE MATERIAL®
NO. | SAMPLES|OF SAMPLES | o Fe |o4Phos. | THICK- ANALYSIS
(TOP TO NESS (AVERAGE)
THICKNESS
OF
SAMPLE
| A I | 10.5' 8.6 0.170
2 2.10' 9.l 013
3 L1440"12.9| 13.6 0.8
4 11.10° B8] 20. 0.32
5 0.70' ®| 67 0.18
6 4 80" 7.7 0.38 33.0' 18.04 0.362
7 1.60' 8| 208 0.436|
8 510" B 122 020
9 460' 8| |55 0.28
10 060 B| 16.6 0.28
I 450'8| 237 0.48
2A 5 | 10.70' 10.6 0.14
2 | 9¢ 1280 13.6 0.15
3 480 B 23 0265| 14,00 | 2356 0357
| 4 740 ®| 21.9 0.32
5 1.80' B®| 32.4 0.76
3A 6 | 3,75 9.67 0.114
2 9.50‘ 8 .70 0.68
' ® i _
3 6.25 13.06 0.074 8.4l 1876 o142
4 366 B 19.99 0.142 :
5 6.42' ®| 2265 0.182
6 2.08 ®| 2176 0.232 ,
4A | | 5.50' ® 16.60 0.206 5.50"' 16.60 0.206
A 2 | 22.83' ®| 2318 0.385 .
2283 2318 0.385
2 7.83' 17.06 0.I185 |
8A 4 | 350' ®| 1964 0.176
' R
2 6.58 16.10 0.234 2675 1 1830 0.194
3 733 B 2286 0.256
4 9.33' B| 529 0.125
"9A 4 | 13’ Bl 19.96 0.155
2 14.08 ®| 2378 0.267
. 30.58' | 2208 0.226
3 .58 B| 2078 0.254 :
4 192' B| 2516 0.39I
I0A 2 | 950' B| 2885 0.293 | heavy
26.92' 21.46 0164
2 |742' ® 17.51 0.095 core loss
12 A 8 | 10.0' 1257 0.079| 14 =Aripping
2 242" ®| 16.60 0.133 |} P 3ene
3 6.75 8| 2402 0.323 ,
Lower 2ore, 28 (@ 15V
4 1.92' | 2063 0.120 (inct. nns' 2bale )
19.34' 24.30 0.3I18
5 3.50' ®| 27.40 0.32l
6 450 ®| 2853 0.46l | |
7 - 0.25' 28.88 0.842
8 .66' 10.80 0.124
' R® N\ b everbulpden
13A 4 [ 6.0 2448 0.108
' Upper 2lane /?'@l 7.5, .
2 3.42' 8| 2869 0.193 re . ¢ (,.,c/.Zx.ﬂ,/
24.08 22.46 0.142
3 358 B| 2448 0.20I
4 11.08' B| 18.96 0.129 |} Lower Zgne
14A 5 | 3.50' 1014 | 0.46
2 20.42' 13.50 0.166 | /50, @ ¢
W50 | 2071 0.424
3 383 B| 2044 0.354 -
4 {3 42' Bl 1336 0.229
5 425 B| 2688 0.644
ISA 10 | 6.0’ 8.9l 0.073 o
o) ".l"'f‘;“‘”ff,
2 - 5.08' 13.29 0.5 |
3 425 ® 16.70 0.139 || upzene |, ,
' , IS A Wy
4 3.50'® 15.56 0.109 ,
e— Z 9 /s# 7‘9"‘177:'41’, ..!}4 /¢
5 5.08 8 | 2285 o121 |\ ~
; 21.07" | 19.62' 0.167
6 033 ® 2415 0.135
1 R [..ower- Zrphoe .
7 3.42 25.45 0.190 |{ 257, s Gt ro ¥ st
8 0.66 ® 15,07 | 0.189
9 383 ® 17.5I 0.312 j
10 0.16' 27.07 1.569
16A 6 | 850 B| 1734 0.163
2 642' B 1864 0146
3 .08 ®| 1362 0.132 .
3008 17.90 0.204
4 5.50' Bl 1637 0.209 A
5 6.00 B| 20l0 0.33l -
6 258 B| 767 0.215 |
I7A 6 | 425" 11.20 0.042] 2 VT
opper Qry Rone
2 392" ®| 1680 0.0901 r 5
3 42" ® 18.75 0.22l
- 19.10" | 2240 0.202
4 592 19.88 0.232 Lower| zens
5 4 42" B 3003 0437 28'@ [1%.0% e
(mc/ /z’_f:"f;v,z,f«)
6 3.42' B 2516 0.372
I8A 8 | 5.25' 10.47 0.118
2 4.42 10.98 0.108
3 7.33' 8.55 0.136
4 13.58" 8.23 0.140
NONE
5 3.0 15.98 .0.118
MATERIAL CONSIDERED
6 583 15.98 0.122 | NOT USEABLE.
7 7.08' 15.0l 0.128
8 7.25' 16.30 0.110
I9A 3 | 875 ®| 2178 0.850
2 308 ® 1688 0.179 14.66' 22.20 0.226
3 283" B| 32095 0.386
21A 9 | 258" 15.66 0.106
2 1.33' 1517 0.114
3 1483 B 18.40 0.070 -
4 40 ® 14.85 0.072
5 30 B 2179 0.132
. 2n oa! 1o A A ADA
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HOLE NO. T2—I1A T2—2A' T4—3A |T7—4A |TI—7A |TI—8A |T3—9A [T5—IOA|T6—I2A T5—|3A TS—I4A| T6—I5A | T4—I16A | T6—I7A | T2—I8A [ T2—I9A [T4A—2]1A
TOTAL DEPTH 1e8'—86" |181'—11" 93'-3" 34' 100'-6" | 114'—6" 95' 59' 155'— 5" 107" 196'-7" 95'-6" 63' 78' 102' 65' gl
Drilled Low Grade Ore Ore Low Grade Low Grade
OVERBURDEN e ) 4 I 10’ 8—6" 7 5—6" 4 5' 226" 4 3 3 4 2 47"
' ss.&sh. Ore No Core | No Core Ore Ore
DISTANCE, SURFACE TO o | | * | * | o | | Keeter | | |
46'-2 9 4 19 10 19 25 5'—6! 4 5 97" * 4 3 3 4' 2' 4'—7"
FIRST ORE ZONE ss.&sh.
THICKNESS, FIRST ORE * * * .* ¥ B * B B ¥ | " y. " -
7 ONE - 3l 38 29 6 24 23' 13’ 32 12’ 27" 30' 29 15 10 37 18 24
THICKNESS, SHALE . x « 3
BREAK 28’ 29' g' 29' 32 39' 2I'—¢" 34 48' 27 3 21 36' 33’ S o5
hit gtzite
THICKNESS, SECOND n e B * * O B * ¥ | % X
ORE ZONE 32 3 15' —_ 13’ 10 18’ —_ 28 20' 21" 32 16' 27 21 24
DISTANCE DRILLED "
BEYOND THE 29'—g" | 75-1I" 6'—3" —_ 24-¢" | 26-6" 77—5" 7' 2|'—7" 2'—g" g' 3 7! 45' 5'
SECOND ORE ZONE
*Includes a"Includes *Includes *Hole loc. [ Includes Dk(:lin'ron *Hole *Hole loc. [Includes Hole loc. *Drilled 74 ’(Includes Includes III'Includes Includes Includes HIncludes
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