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INTRODUCTION

Location and Accessibility

The area (Fig. l and Pl. l) mapped by the writer

oomprises about 32 square miles in eastern Giles County

and southwestern Craig County, Virginia. It includes

approximately the northern half of the U. S. Geological

Survey 7.5—minute Newport, Virginia quadrangle and is

bounded by meridians 80°22'30" and 8OO3O'0O" on the east

and west respectively, by parallel 37O22'30" on the north‘

and by the Montgomery-Giles and Craig County line on the

south. The town of Newport is in the southwestern corner

of the area.

Accessibility to the area is good except for the

higher ridges. U. S. Route u6o and State Route 42 are the

two major highways within the area and provide numerous

roadcuts. County Roads 60l, 602, 629, 630, 63l, 662, and
685, various farm roads, power lines and hiking trails

including the Appalachian Trail provide access to other

areas.

Topography and Drainage

The map area lies within the Valley and Ridge physio-

graphic province of the Southern Appalachians. Sinking

Creek, which drains the area, flows generally southwest to

New River, a major tributary of the Ohio River system.

Maximum relief is nearly 2,000 feet. The highest elevation

of 3,825 feet is on Kelly Knob, and the lowest elevation of

l
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Figure 1. Location of Clover Hollow and Sinking Creek area (Shaded) in relation to major Structural features.



3

1,835 feet is on Sinking Creek along the western margin

of the area. The highest ridges are associated with the

nearly flat-lying sandstones of the Kelly Knob area. As

the dip of the ridge-maker increases, the elevation of the

ridges invariably decreases as shown by Johns Creek, Clover

Hollow, and Sinking Creek Mountains. The topography consists

of ridges trending east—northeast, held up by the Silurian

Tuscarora, Rose Hill and Keefer sandstones, and valleys

developed in Cambrian and Ordovician shales and carbon-

ates. Minor ridges in the valleys are held up by sand-

stone beds in the Cambrian Copper Ridge Formation, chert-

bearing carbonates stratigraphically higher in the Knox

Group, coarse-grained or chert-bearing limestones of

Middle Ordovician age, and limestones in the Ordovician

Martinsburg Formation. Karst topography is developed

in the Ordovician carbonates of Clover Hollow and Sinking

Creek Valley.

The higher ridges are heavily wooded. The valleys

are cleared and used for agricultural and grazing purposes.

Previous work

Discussions of regional geology have been presented

by Butts (1933, 19MO) and Cooper (1961, 196M, 1968).

Hobbs (1953) previously mapped the southwest portion of

the map area. Shanholtz (1955) mapped the Middle Ordo-

vician limestones west of the map area. Ovenshine (1961)

mapped the Spruce Run Mountain area southwest of the map
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area. The surficial geology of the Mountain Lake area

to the west was described by Fiedler (1967).



STRUCTURAL GEOLOGY

Blacksburg synclinoriumt

The map area is bounded on the southeast by the north-

east trending Blacksburg synclinorium (Fig. 1). The

northwestern limb of this structure comprises the south-

eastern edge of the geologic map (Pl. 1) as a large

homocline, whose dip decreases northeastward from 600 to
300. The synclinorium is terminated on the northwest by

the Saltville fault. Approximately 12,000 feet of exposed

strata ranging in age from Middle Cambrian to Lower Missis-

sippian comprise the northwest limb of the synclinorium

between the Saltville fault on the northwest and the

Pulaski overthrust on the southeast (Cooper, 1963). Much

of the trough portion of the Blacksburg synclinorium is

covered by Cambrian strata of the Pulaski thrust sheet

(Cooper, 1963).

Poplar Hill anticline

The northwest limb of the Blacksburg synclinorium is

the southeast limb of the Poplar Hill anticline (Moon, 1961).

Nowhere in the area is the crest of the anticline preserved

at the surface. The antic1ine's axial trace is marked

approximately by the main trace of the Saltville fault

(Pl. 1).

Spruce Run syncline

The asymmetric Spruce Run syncline of Cooper (1961) is

5
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the northeastern extension of the great Greendale syncline

of the Southern Appalachians. The fold eventually dies out

up-plunge in upper Sinking Creek Valley. The axial trace

trends approximately N. 550 E. except for an unusual

northerly kink northeast of Piney Ridge. The plunge of

the syncline is generally southwest. A northeast plunge

at the southwestern end of Clover Hollow Mountain oauses

a secondary structural high where Sinking Creek crosses

the axial trace north of Newport.

The southeastern limb of the Spruce Run syncline is

overturned and partly buried beneath the hanging wall of

the Saltville fault block. The tight folding has caused

severe drag folding and fracture cleavage in the incom-

petent Moccasin and Eggleston formations on both limbs

of the syncline. Crumpling is especially prominent at
the secondary structural high where the folding evidently

was most severe.

Clover Hollow anticline

The Clover Hollow anticline is a breached asymmetrical

fold with a steeper northwest limb. The anticline trends

approximately N. 550 E. and plunges gently to the northeast.

Knox Dolomite is exposed along the crest and Silurian

sandstone ridges surround all but the southwestern end of

Clover Hollow.

The Clover Hollow anticline, which is a branch of the

larger Bane anticline (Cooper, 1961) to the southwest,
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bifurcates in the upper reaches of Clover Hollow (Pl. l).

The major axis of the anticline has been traced northeast-

ward from Clover Hollow to the crest of Johns Creek Moun-
tain northeast of Rocky Gap. A southern branch dies out

northwest of Wolf Knob and becomes part of the northwest
limb of the Spruce Run syncline.

Johns Creek syncline
( The Johns Creek syncline, the northwesternmost

structure of the area, is an asymmetric fold which strikes

approximately N. 500 E. and plunges northeast. Like the
Clover Hollow anticline, the plunge of the fold decreases
to the southwest where it becomes part of the Bane anti-
cline southwest of New River. Both flanks in the map
area are marked by prominent dip slopes of Keefer and
Rose Hill sandstones.

Sinking Creek anticline

As the Saltville fault and Spruce Run syncline lose
their prominence to the northeast of the area in upper
Sinking Creek Valley, the Poplar Hill anticline becomes
the Sinking Creek anticline. The Sinking Creek anticline
is bordered on the northwest by the Johns Creek syncline

and on the southeast by the Blacksburg synclinorium.

Saltville fault

As previously noted, the Saltville thrust fault forms

the boundary between the Blacksburg synclinorium—Poplar
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Hill anticline and the Spruce Run syncline. The Saltville

fault, one of the major faults of the Southern Appalachians,

has been traoed southwestward into northern Alabama

(Lowry, 197l), paralleling the Greendale syncline as far as

northeast Tennessee. The fault dies out northeastward at

the nose of the Sinking Creek anticline in the vicinity of

Newcastle, Craig County (Bregman and Francis, 1973).

In Sinking Creek Valley the thrust consists of two

parallel faults (Campbell and Mathison, 1973) trending

N. 550 E., both of which dip approximately 65O southeast.

Branching of the Saltville fault oocurs southwest of the

area along the southeast slope of Spruce Run Mountain. A
portion of the Poplar Hill anticline is preserved in the
slice between the two branch faults.

North of Newport, the main trace of the Saltville
fault has Lower Ordovician Knox Dolomite faulted northwest

over Middle Ordovician limestones and stratigraphically
higher Moccasin red beds of the overturned southeast

limb of the Spruce Run syncline. The southeast branch
(Newport fault) has Middle Cambrian Honaker Dolomite

thrown northwest over Middle Ordovician limestones. The

combined stratigraphic displacement of both faults is

approximately 5,000 feet.

The nature of the two faults along the southeast slope

of Clover Hollow Mountain is not known because of extensive
colluvial cover. South of Happy Hollow, the main trace of
the Saltville fault has Upper Cambrian Copper Ridge sand-
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stones faulted northwest over Copper Ridge dolomites

of the overturned southeast limb of the Spruce Run

syncline. Northeast of Huffman, several reverse faults

represent the southeast branch fault. There, the combined

stratigraphic displacement of all faults is less than 2,000

feet. Change in character of the southeast branch fault from

thrust to reverse probably correlates with the unusual

northerly kink of the Spruce Run syncline northeast of
’ Piney Ridge.

Associated with the Saltville fault zone are deposits

of iron and manganese oxides Black nodules of manganese

oxide are found in scattered localities beneath an orange-

red, clayey soil which marks the fault trace. In brec-

l ciated zones manganese oxide cements the breccia. During

the last century the iron oxides were mined in addition to

Clinton-type iron oxide of the Rose Hill Formation (Watson,

1907). The manganese oxide was mined in the first half of

this century (Stose and Miser, 1922).

Minor structures

A small transverse fault southwest of Julian Knob

offsets post-Eggleston strata on the northwestern limb

of the Spruce Run syncline approximately 300 feet. The

Julian Knob fault is related to more intense folding south-

west of the fault. The oblique strike of the fault may

be related to a local reversal of the plunge of the fold

near Julian Knob.
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(
As already noted, well developed drag folding and

-fracture cleavage are prominent in the Moccasin and Egg1es—

ton formations. Drag folding is also present in the lower

Martinsburg Formation on the northwest limb of the Clover

Hollow anticline. These features have been studied within

or adjacent to the map area by Rowland (1939), Hobbs (1953),

Hochella (1973), Prunier and Jackson (1973), and Karpa

(197*+)-



STRATIGRAPHY

Strata exposed in the map area (Table I) range in age

from Middle Cambrian to Early Devonian and the combined

thickness is approximately 7,000 feet. The rock sequence

falls into four general categories: 1) dolomites of Middle

Cambrian to Early Ordovician age, 2) limestones and shales

of Middle Ordovician age, 3) shales and sandstones of Late

Ordovician age, and M) sandstones of Silurian to Early

Devonian age. A major unconformity occurs between Lower

and Middle Ordovician strata.

0f special interest to the tectonic history of the area

is the relationship between the Cambrian-Ordovician Knox

Group of carbonates and the Middle Ordovician limestones.

The unconformity between the two units signalizes a change

from one form of sedimentation to another. The Knox Group

and the Middle Ordovician limestones are discussed and their

tectonic significance considered. Thereafter, prior and

subsequent sequences of sedimentation are considered.

Descriptions of the stratigraphic units below the Knox
Group and above the Middle Ordovician limestones in the map

area are given by Butts (1933, l9M0), Cooper (19MM a, b,

1945, 1961), H6bbS (1953), and ovenshine (1961).

Knox Group

The Copper Ridge Formation (Lower Knox of Table I) is
composed of 1,000 feet of gray, thin- to medium-bedded

11



12

m 0m + 0 0 0 0 0 004-*0 vw vw vw 0 vw 0§00 .-4 .-4 .-4 <w4 .-4 .-4M 0vw 4 4 4 4 4 4-.-4 0¢4-4 0 0 0 0 0 0Q--4 0 0 0 vw 0 vw••·{E.-E r•{ 4—l 4***4 P4‘$.4
O- GJ UJGJ-.-4 4:20 4 .-4 -60+* —

:> -00 um E 0—¤. gc-.-4 -600äE-4M 4-60 3 4 4-*4-*$1.4 0.:: 0:24-* 4
- 0.M-05-4 -.-4 m ··—4$4·.—40 4-*3 -00 0

(D • •"* £’.*’*'“*2*’32.’3 2 .*1* .32.**5 22.4°’2*$‘ä.*.l- Ea.;-4..-4 Mmä-.-44.040 E·—0 gg -4-* -4.-44-*0Q0-6.-4 •-4000
4-* .:2M $.404-*mS m $?.t40m M-.-4 4-*4EM--4 4-4-4-*--4:3 02005:2 m$-4 00.:2 :3--4:2 .:2m§ $3··-4:4m0-6M-.-4%-4:3 410.-4.-4004-* 4-*.-44-* 0* -.-4m m 4-*-•—·4r—i¤D 4-*0.:2:*--48 2E*‘*4;*4‘”*’ä*** .2;* 2..:-22 22.9.***.-*3.. 2-2**83

00 -4 m :*m 4-*:204-* 0:4Q0 M0¤M0-6:2.-4-Q0ä00E·—;3 -.-4 -6 $40Q-.-4 04 :2-4-*m--4 Qäm--m-.-4 .-4¤:· 0 0 0 0 mn mHPP5 Q :6 0QuQ QQP M ME Q 0M .-4 ::~M.-4-.-4-4-*-4-* -Pä-I-* mm0 ¤0m.c:4-*M.-4Q 0:2 04,, -4-4 -0QQ*-0-.-4--4 5:: :>¤-6m0 4--4414)m$.40 ·-:2-.-4 —-64-*Q0 E4—*t> 30N.-4 — 0 Mäom 0§·.-4-6¤0.M4¤00.:2m0:2$.400-44E4—*o .:2mE·$-4 $-4 2> -4::4mM.-44-*4-*0-60-6-6 -6000.:. {go 0000¤¤m0.-4 -.-40 MM Mm ::-600
2 2 T>*„ä.X*’*%4-62.*22;..92-2’2’M -4::-606-.-4 44—*m4-*.::··—400· 0-6-60M MMm$-4Q·.—4
m ~·—40$-40-0:20M C4UJ£2CÜ%10+·’··—*r·|SZ‘.'C3~$ZZGJ :2.:2:2m$-44-*0000 ::4-*4-4M+*0·.-4,::0 0-6-.-45*,--4-.-4-4-* 0ä-60-6-6-.-4m; :40.-44-*m·

.-4 0::.-44I:1m$.4M4—*0 $-4äM0.-4¤1M·62é 04-*-60M 0-6 --4:2.,-4 -.-40-.-4 0 $-4:4.-4 -.-4 $-4.:: -4-*$-4ä -6m0-6:-4:2$-4:2-6m--4.C.E0-4-*$-42>¢•-4E0¤00 m¤0 4-*:40m0--44-*4 -6-- 0-4-* E 000§40404 -,..4..-40
·.-444-4$-4 Q E·0:2:3:2-UN:2 50- $-4Q EQ<4J$-43m mM3°+-4M $-.9-400 0:30M0004-*·.-400*-4mm 4m:$$-4mQ00:20$.4 -.-40 O-.-44-*5: +*-.-4-6 E0-0$-4.-44-* ¤0.b<20.b=::2 ·-4GJä .-4:23:2000m-6§0.M··-4-6-6äp ig-6M.-4--4-0Eä-,ä‘$.‘;·-4-6-64-* -6.-4000:>E§0:: 4-;.::00 00:¤¤:m03EQ-.-40E2Q0*-4-*3 0E-4-*0+* EI-IO :>.m¤¤mmm0-9* 2• • Et' •

:1: E m E
’U] Re U2 E: EP E-4

0 :2 m .-4 M Cr-. :3 sf.:> 0 cn .-4 $-4 Q 06--4 -.-4 0 M m 4-*.-4 4-* :4 :1: ig 4-* :2 U2
0 M GJ M -.-4 0

E ¢4-4 0 0 -.-4 4-* .-4(4; $.4 0 m m :2 (sg tw,:1 0 0 0 I5 5 bo4-*:-. M :1: E4 0 E kl
C4-4 Q :2 :2M M MO

C •r·-{ •r·I •¤··IU) M $-4 4-* CIQ -.-4 0 M -.-40 M 2> E M..-4 m 0 0 -44-* 0 0 -6 --4 Q-.44--4 .-4 :1* 0 äE $-4 :2 M :3$.4 0 0 .-4 ·-4 .:2om 3 Q U 0E-.

· E4-4 M$3 $3 ·-‘*
0 M M 0.-4 E--4 -.-4 -.-4Q 0:2 L. ¥>M~4—*0 :3 0E4 m2> .-4 -60 ·-4 $-4U20 U2 0



13

0 0 0 0 0 0 0 0 +UN 0 0 0 0 00 0 -0 V1 0
1-1 N N VN VN 1-1 FN 0 0

1 1 1 N 1 1 1-1 1-1 :10 0 0 1 0 0 1 1-1VN 0 VN 0 UN 01-1 1-1 0 0N Ox
1•I U) 'U1 0M 0 I5 01-* 0-0100- : 1 0E :$-1 0 0 0

t>> 0$-1::0t>> 0 0 E 0 100 0 00 0
P1 0P·-100-10 P1-1: ··-100 M .: 0 00 0
-101:>:01-* $-1 005 000 00 01-*·:>„ 0
-1-1:-:5611-1-1s.11111—1111)·,&-·:P0 -1-10 -1-1P 00 00:P0 .0
00:0 11000 00.0 -11-1P .:-1-11-1 0.0 0.00$-11-1 1

001-10 :P0001—1 0 0 1-*E0· 0$-1 0$-1E011D M- 0001-150äP010P P00 000 00 000.: 0
00 10001-1 #10 055 01-10-1-* .01-* ÜPOOLI -1-1
50000P.00 1-*1-10E -10E--1-*0.00 1: 10:1 0 .:00-1-1$-100 M000 00 0 0 $-1 #:-1-1 1--100 1-*
001-5.01-1+*00 1-*:>>1-1 M0001 --0 0 E, 1-*-1-10$300+*100 :0000 00E-.‘$-1E00E -1-1.: 5.:0+*: —

101-100ME0001—1$-1110 1-1-1-153500 .:P 1-1-1-*:-1-10 !>¤
0$-10000 +*-1-1 0-1-101-1 0
-10E$-10 1-1000M 0 P·1—1 #1000110 3 03.000 $-10+*0<1—1$-10000P0- $-1110:>1000+*: 0 E0: 0.:::0 00 0ä01-*E000 +*0 0 00-1-11101- 01-100:-0: .: $-1 1-100 +*0 1100 -1-1E 1--1 1-*-1-1 :00.:000 1-1- 1-1301-*0 :>1 0-1-1--10 EE E-0 .:1100äo 1-100-1-1 $-1$-1+*0 :>>00001101-1+* 50-10: :0-1-1

$-1 0--1ä1100 000 -1-1 -1-11-10:1-1303 1-1-110 0:00 Ea: .:0: 011000 0E 1-000--100000 •
1-* 0:--100 01-10MO ¥> $-10 -1-10 -1-1 00:.:0$-1CZ$-1--100
:0:0 1-1 0 O+*· -•—·1—1ä•~P1-1 E E 0-1-* ,00,0PPP
0äO • •~U)•UJ1—’~CU(DUJ—tüU).¤ *0-1-10 $.1 I>;1-1-* !>;1-1-*1-1-1 -1-1
0 +*00-1¤0M00M3:0M00 0E0 0<1—1 >>$-10:>>$-1+*0.:0M000000000000000000P001-10 0 $-1.:-1-1$-11:5 -1-10 0

O G) Q)
cp U} • E 1-1 -1-*

1-1 1-4 $-1 1-1 0 -1-1
.0 • O O 1*4 .£‘. E
0 - 0 E · Q 00 cn 0E1 E · 11-1 F11 0 l10§ 1-1

111 · 0 110--1 1 E'. >< 0 :>> 00 14 $-1.: 0- 0 0 --1 M Q
: 14 50 #10 $-1 : 1¤$-1 0-1-1 1-* .0: 014 0 M 0 5 $-1
0 : 1-1 01-1 0 (1-1 $-13 .: 0
0 0 0 -1-10 :>> M $-1 00 0 #10 1-* .0 äo 00 0 0 011-1 -1-1 0
0 P : : I>3 0 $11 D1-- 1-1 :0 -1-1 0 0--1 •1"1I'°1 1-1 C11 0 0 0
E 3 01 DM 111111 00 ID U Z IE

:0•1-1$3

••·1 E CI 0
0 0 0 -1-1

r-1* •r-{ •|-{ 4-)
$11 0 ><1 $-1CU -1*1 Q)

: O .0
.: 0 $-1 1-1
0 0 0 <¥

•1-*10-1-1
Z>00$-10



1/+

dolomite with characteristic beds of sandstone and chert.

The Copper Ridge is exposed along the northwest limb of
the Blacksburg synclinorium and on the overturned south-
east limb of the Spruce Run syncline north of Huffman
P1. 1). The basal Copper Ridge is a rusty-brown, felds-

pathic, massive to thick-bedded sandstone 5 to 15 feet

thick. Upon weathering, the dolomite cement of the Copper

Ridge sandstone is removed and the sandstone turns a char-

acteristic rusty-brown. Thin sandstones also occur in the

upper part. Cherts are thin-bedded and, in part, oolitic.

Coarse oolitic chert overlies the basal sandstone.
As given in Table I, the Upper Knox consists of 900-

1300 feet of gray, medium- to thick-bedded dolomite with

interbedded chert and minor limestone. The chert content ‘

of the Upper Knox differs greatly on opposite sides of

the Saltville fault. Southeast of the fault, the Upper
Knox contains massive beds of porcellaneous, white chert
which forms minor ridges in Sinking Creek Valley. North-
west of the fault, the chert is thin-bedded or nodular

and much less abundant. Some of the chert shows dolo-

molds and part is oolitic.
The southeast belt of Upper Knox has considerably

more limestone than the northwest belt. On the northwest

limb of the Blacksburg synclinorium, southeast of the

junction of County Roads 629 and 630 (P1. 1), three lime-

stone units crop out about 1,300, 750, and 250 feet below
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the Knox—Middle Ordovician unconformity. The uppermost
' limestone can be assigned lithologically to the Longview

Limestone. In the same strike belt at New River, 85 feet

of Longview Limestone with Lecanospira crops out 375 feet

stratigraphically below the unconformity. The lower two

limestones may represent northwest extensions of the

Uonococheague or Chepultepec limestones of the Salem

synclinorium (Fig. 1). On the northwest limb of the Blacks-

burg synclinorium east of Newport, the limestones are not

known to be present except for a 2—foot bed of lime mud-

stone 40 feet below the unoonformity. Northwest of the

Saltville fault on the northwest limb of the Spruce

Run syncline on the east side of New River only 1.5 feet

of limestone, which is 340 feet below the unconformity,

crops out in the entire Knox section. No limestones

crop out in the Knox exposed either in Clover Hollow or

in the slice between the Saltville and Newport faults

northwest of Newport.

Thickness of the Upper Knox varies because of the

erosional unconformity marking the top of the unit. The

maximum thickness of the Upper Knox in the map area,

approximately 1,300 feet, occurs east of Huffman. Minimal

thickness, approximately 900 feet, occurs 2-3 miles north-

east of Newport.

Middle Ordovician limestones

Middle Ordovician limestones are exposed in the
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breached Clover Hollow anticline and along the northwest

limb of the Blacksburg synclinorium. The limestones also

crop out on the overturned southeast limb of the Spruce Run

syncline north of Happy Hollow and in the slice between the
Saltville and Newport faults northwest of Newport (Pl. 1).

Measured sections of the Middle Ordovician limestones were

obtained from three different structural localities.

Geologic Section One (see Appendix) was measured on the

northwest limb of the Blacksburg synclinorium on the H. R.
Hughes farm about 0.8 mile southeast of Huffman. Geologic

Section Two is on the slice between the Saltville and

Newport faults in the U. S. 460 road cut west of Newport.
This section, whose upper part has been faulted off, is

closest to the unpreserved crest of the Poplar Hill anti-

cline. Geologic Section Three is on the northwest limb

of the Spruce Run syncline about 1.7 miles northwest of

Newport. The limestones are described according to depo-

sitional textures (Dunham, 1962).

The Middle Ordovician limestones on the northwest

limb of the Blacksburg synclinorium are thinner and contain

more shale and algal mat beds than those in the Spruce Run

_ syncline. The difference in thickness in these two struc-

tures rests mostly in the two lowermost units, the Black-

ford Formation and the Five Oaks—Elway Limestone.

Blackford Formation. The Blackford Formation (Cooper and

Prouty, 1943), which unconformably overlies the Knox Dolo-
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mite, is a gray locally pinkish red, medium- to thick-
bedded argillaceous dolomite whose lime content increases

upward. The basal Blackford is a chert and dolomite

conglomerate which fines upward into argillaceous dolomite.

Pebble-size chert clasts (in part oolitic) are angular to

subangular and stand out in relief on the weathered surface.

Most pebble—size dolomite clasts are subrounded and tabular.
In places, detrital chert also occurs above the conglomer-

atic beds in the overlying dolomites. Locally, cobbles

and boulders of chert and dolomite and coarse chert sand

make up the basal Blackford conglomerate. Blackford

dolomites weather brown and form blocky, rounded outcrops.

On the H. R. Hughes farm well up the northwest limb

of the Blaoksburg synclinorium the Blackford is about 30

feet thick and locally has a very coarse basal conglomerate
(Geologic Section One) which is characterized by very large
(22 inches across) unrounded blocks of wormy chert and

tabular dolomite clasts. The Blackford thins to the

southwest along the northwest limb of the Blaoksburg syn-

clinorium and is absent 2 miles northeast of Newport. On
the northwest limb of the Spruce Run syncline northwest of

Newport the Blackford is about lOO feet thick (Geologic

Section Three). On the crest of the Glover Hollow anti-

cline about 800 feet northeast of Gounty Road 685, the

Blackford is approximately l80 feet thick, of which l6O

feet is conglomeratic. However, this is abnormally thick
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and is believed to be the filling of an erosional feature

on the Knox surface. Associated with the Blackford

conglomerate on the Clover Hollow anticline are gray,

thin—bedded, coarse quartz sandstones. Blackford con-

glomerate is also found in the slice between the Saltville
and Newport faults northwest of Newport; however, the

Blackford is only 2 feet thick along U. S. Route 460 west

of Newport (Geologic Section Two). Certainly, part of

the variation in thickness of the Blackford is the result

of its deposition on the irregular, eroded Knox surface

(Cooper, 1944 a). Most is due to Structural thickening

in the Spruce Run syncline.

Five OakS—E1way Limestone. The Blackford is overlain by

cherty, argillaceous, and birdseye limestones of the Five

0aks—Elway Limestone. The Elway Limestone (Cooper, 1945)

and the Five Oaks Limestone (Cooper and Prouty, 1943) have

been combined because of the Similarities and genetic

relationships between the two lithologies.

On the northwest limb of the Spruce Run syncline the

Five 0aks—E1way is 350 to 500 feet thick and consists of

interlayered dark gray to black, cherty, brachiopod

skeletal packstones and wackestones with minor Skeletal

fragments of gastropods, bryozoa, ostracods, and crinoids;

gray, cherty, argillaceous lime mudstones and calcareous

shales; dark gray to black, cherty pellet limestones;

gray lime mudstones with irregular, laminar, and tabular
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fenestrae (birdseye textures); and gray intraclast lime-

stones with irregular and laminar fenestrae. Minor algal

mat boundstones are associated with the lime mudstones.

Silicified Dinorthis holdeni are abundant in one zone in

the middle part of the unit.

On the northwest limb of the Spruce Run syncline the

argillaceous beds, which are fracture-cleaved and exposed

only locally, are in the lower part of the Five Oaks—Elway

section. These clay-rich beds were possibly considered as

Blackford clastics by Cooper (1961). However, the argill-

aceous beds of the Five Oaks-Elway lie above cherty beds

which are typical of the Five Oaks-Elway Limestone. The

chert is aligned parallel to bedding as beds 1 to 3 inches

thick or occurs as lenses and nodules. Locally, the chert

composes more than half of the total rock volume of some

zones. Weathered Five Oaks-Elway provides a regolith of

angular blocks of chert which are bleached white or light

gray. The northwest slope of Big Ridge is covered with

this bleached chert.

On the northwest limb of the Blacksburg synclinorium

the Five Oaks-Elway Limestone is much thinner and consists

of from lOO to ZOO feet of gray lime mudstones with fenes-

tral fabrics and minor interbedded gray, argillaceous lime

mudstones. Locally, on the H. R. Hughes farm (Geologic

Section One) some of the thin-bedded to laminated,

argillaceous beds are mud-cracked and burrowed. Skeletal
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limestone and chert are rare in the Five 0aks—Elway of

this strike belt. Elsewhere on the northwest limb of the

Blacksburg synclinorium where the Blackford is absent,

lime mudstones of the Five Oaks-Elway directly overlie

the Knox Dolomite. In the slice between the Newport and

Saltville faults northwest of Newport the Five Oaks-Elway

Limestone is less than 50 feet thick and does not contain

shaly beds or chert.

Pearisburg—Lincolnshire Limestone. The Five 0aks—Elway”

Limestone is overlain by dark gray to black skeletal lime-

stones of the Pearisburg—Lincolnshire Limestone. The

Pearisburg Limestone (Cooper, 1961) is the same as the

Rockdell Limestone (Cooper, 1945) which was used in areas

where the equivalent Ward Cove and Perry limestones (Cooper

and Prouty, 1943) could not be differentiated. The name

Pearisburg was proposed originally by Bassler (1907) for

limestones in the Pearisburg, Virginia area (Fig. 1).

Cooper (1961) later applied the name Pearisburg to the

Rockdell equivalents exposed near Pearisburg, Virginia.

In the map area the Pearisburg and the underlying Lincoln-

shire (Cooper and Prouty, 1943) have been combined because

of similar lithology.

The Pearisburg-Lincolnshire is composed of cherty,

interlayered skeletal packstones and waokestones, crinoid

and bryozoan skeletal grainstones, and local algal mat
U

boundstones. Skeletal grains in the packstones and wacke-
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stones include gastropods, brachiopods, bryozoa, echino-

derms,trilobites, ostracods, rugose corals, and cephalopods.

The chert of the Pearisburg-Lincolnshire is similar to that
of the Five 0aks-Elway except that bedded chert is not
found in the Pearisburg-Lincolnshire. Silicified skeletal
grains stand out in relief on the weathered surface.

In Clover Hollow the Pearisburg-Lincolnshire is 200
to 250 feet thick and consists of skeletal packstones and

wackestones and 20 to ao feet of crinoid and bryozoan
skeletal grainstone. The grainstone, which is approximately
Mo feet above the base of the unit, forms a prominent
chert—free ledge on the northwest limb of the Clover
Hollow anticline.

On the northwest limb of the Blacksburg synclinorium

the Pearisburg-Lincolnshire is approximately 250 feet thick

and locally contains a basal algal mat boundstone. On the
H. R. Hughes farm the basal algal mat boundstone contains
interbedded bryozoan skeletal wackestones and densely
packed oncolites. Skeletal wackestones with minor inter-
bedded laminated lime mudstones and echinoderm skeletal
grainstone overlie the boundstones.
Benbolt Limestone. The Benbolt Limestone (Cooper and

Prouty, 19üj) is typically a black argillaceous skeletal

wackestone with a gray skeletal grainstone at the top.
The lower part of the Benbolt is similar to the underlying

Pearisburg—Lincolnshire Limestone except that the lower
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Benbolt is very argillaceous. Irregular shale partings

cause the lower Benbolt to weather nodular and crumbly.

The skeletal wackestones contain fragments of bryozoa,

echinoderms, brachiopods and gastropods. The Benbolt

contains beds of algal mat boundstones which weather

brown. Near the top the Benbolt consists of brachiopod

skeletal packstones and algal nodule packstones and wacke-

stones. The uppermost Benbolt is a very coarse bryozoan

and echinoderm skeletal grainstone which emits a petro-

liferous odor when broken.

In Clover Hollow the Benbolt is 150 to 175 feet thick.

0n the northwest limb of the Blacksburg synclinorium the

Benbolt is 150 to 200 feet thick and contains much more

chert, shale, and algal mat beds than the Benbolt of Clover

Hollow. The uppermost Benbolt grainstone is thicker and

cleaner in Clover Hollow than on the northwest limb of the

Blacksburg synclinorium. 0n the northwest limb of the

Blacksburg synclinorium, the lower part of the Benbolt

appears to be the locus of karst development.

Witten Limestone. The Benbolt Limestone is overlain by the

Witten Limestone (Cooper and Prouty, 1943) which contains

assorted lithologies. The Witten Limestone contains inter-

layered skeletal limestones, cross—bedded intraclast,

pellet, and ooid limestones, and algal mat laminates.

The base of the Witten is thin—bedded, shaly skeletal

wackestone and packstone with irregular dolomitic layers.
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In Glover Hollow the basal shaly beds are overlain by
burrowed and cross—bedded pellet grainstones and packstones,
burrowed algal nodule and skeletal grainstones (locally
cross—bedded), packstones and wackestones. Ooid grainstones

and pellet intraclast grainstones are interlayered with
the pellet limestones. Fragmented skeletal grains are
generally brachiopods, bryozoa, echinoderms, gastropods

and ostracods. Locally, on the southeast limb of the Glover
Hollow anticline, the Witten contains very large (8 to 10

inches across) bryozoans embedded in a skeletal grainstone

matrix. On the northwest limb of the Glover Hollow anti-
cline very coarse, cross—bedded skeletal grainstones are
characteristic of the Witten.

The uppermost Witten is algal mat boundstone with

irregular fenestrae and interbedded skeletal packstones

and wackestones. Thickness of the Witten in Glover Hollow
is about 200 feet. The contact between the Witten and the

overlying Moccasin is gradational. The gradational beds,

Moccasin marble of Mathews (193%), are 10 to 30 feet thick.

On the northwest limb of the Blacksburg synclinorium

the basal shaly zone is overlain by light gray to white
echinoderm skeletal grainstones, nodular weathering lime
mudstones, skeletal packstones and wackestones, and slightly
dolomitic algal mat boundstones whose aggregate thickness is

ioo to 150 feet thick. The contact between the Witten and the

overlying Moccasin is sharp, not gradational as in Glover Hollow.



DEPOSITIONAL AND TECTONIC HISTORY

Unraveling the depositional and tectonic history of

the Middle Ordovician begins with a consideration of the
Knox Dolomite—Middle Ordovician unconformity. Shelf

carbonate sedimentation with minor terrigenous clastic
addition produced the Honaker Dolomite, Nolichucky Shale,
and the Knox Group, prior to the widespread emergence
of the carbonate shelf in Late Canadian time.

Knox unconformity

The unconformity between the Knox Dolomite and Middle
Ordovician limestones is widely developed in the Southern
Appalachians. In the map area the unconformity is well
developed on the crest of the Clover Hollow anticline
northeast of County Road 685. Here, a channel or karst

feature attests to the development of at least l6O feet
of relief on the Knox surface. As previously noted, the
erosional feature is filled with a very coarse chert

conglomerate which fines upward into a more typical

Middle Ordovician sequence. As already pointed out, very

coarse Blackford conglomerates are also found on the

northwest limb of the Blacksburg synclinorium on the H. R.

Hughes farm and on the slice between the Saltville and
Newport faults.

V

The nature of the unconformity changes downgdip.
On the northwest limb of the Spruce Run syncline northwest

2L+
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of Newport the contact between the Knox Dolomite and Black-
ford is relatively inconspicuous except for a fine chert

and dolomite conglomerate at the base of the Blackford.

Near Staffordsville (Fig. 1) on the northwest limb of

the Spruce Run syncline, closer yet to the synclinal axis,

the contact between Knox and the Middle Ordovician

carbonate is indistinct and appears gradational.

Cooper (1961, 1964) recognized the same tendency
for the Knox unconformity to die out down structure and

pointed out that the thicker Knox sections occur in the

synclines and the thinner Knox sections on the anticlines.

It appears that in Late Canadian time the Clover Hollow

and Poplar Hill anticlinal areas were exposed to subaerial

weathering and erosion, whereas the Spruce Run synclinal

area was at most only briefly exposed to subaerial

weathering and erosion.

Chemical weathering appears to be the dominant eros-

ional mechanism upon the Knox surface exposed during Late

Canadian time. Solution of the carbonate fraction of the

Knox left lag deposits of chert, quartz sand, and argill-

aceous material. The Knox regolith was subsequently

washed into the synclinal troughs (Cooper, 1961, 1964).

Only the fine fraction reached the deeper parts of the

synclinal troughs. The coarse lag chert and dolomite

clasts were restricted to channels leading into the synclinal

troughs or to erosional depressions on the anticlinal surfaces.
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Middle Ordovician sedimentation
As the carbonate shelf emerged from the Knox sea in

Early Ordovician time, sedimentation may have continued v
unabated in the Spruce Run syncline. The Blackford dolo-

”
mites, which are similar to the underlying Knox dolomites,
represent the continuation of Knox-type sedimentation.
Chert detritus and clays from the weathered areas of the
Knox surface were embodied in Blackford carbonates.
Intraformational conglomerates and local birdseye textures
in the Blackford indicate very shallow water. The
dolomitization of Blackford sediment tapered off by the
time Five Oaks-Elway deposition began.

By the end of Blackford depositional time, more than
100 feet of Blackford sediments had accumulated in the Spruce
Run syncline northwest of Newport. Much thinner Blackford
sections had accumulated on the Clover Hollow anticline
and on the Poplar Hill anticline in the Huffman area.
In the Newport area on the Poplar Hill anticline, the Knox
surface was still exposed to subaerial weathering and
erosion and possibly was the source area of the clay in

‘ the shaly beds in the Five 0aks—Elway.
This trend continued into Five Oaks-Elway depositional

time. The Spruce Run syncline contains 350 to 500 feet of
Five Oaks-Elway strata which includes several zones of
birdseye limestones. Contrastingly, the Poplar Hill anti-
cline has, at most, 50 feet of equivalent strata, most of
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which is birdseye limestone. The thickness of the Five Oaks-

Elway on the Clover Hollow anticline could not be determined

due to the extensive colluvial cover on that part of the

section. However, the thickness is estimated to be about

100 to 200 feet. The repetition of birdseye limestones,

separated by zones of cherty limestone, in the Spruce Run

syncline indicate several periods of submergence and

shoaling. The Poplar Hill anticline, for the most part,

remained in shoal conditions.

The Spruce Run syncline is a primary depositional syn-

cline that may have started to subside at least as early as

Canadian time (Cooper, 1961). The subsidence was caused by

folding (Lowry, 1957, 1960; Cooper, 1961, 196U) that was well

underway in the Appalachian geosyncline by Champlanian time

(Lowry, 197U). Downfolding permitted thicker sections of

Blackford and Five 0aks-Elway to accumulate in the Spruce Run

syncline than on the Poplar Hill and Clover Hollow anticlines.

Shoaling sequences in the Five 0aks-Elway section indicate

that the downfolding may not have been continous or uniform.

Structural relief can be demonstrated in the Ordovician sect-

ion exposed along New River between the Poplar Hill anticline

and the Spruce Run syncline. Using the basal Longview Lime-

stone and basal Moccasin as datums, the section in the Spruce

Run syncline is approximately 275 feet thicker than the

presumably equivalent section well up the northwest limb of

the Blacksburg synclinorium.
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Of the many differences between the Middle Ordovician

limestones on the northwest and southeast sides of the

Saltville fault in the map area, the most notable difference

is the absence of the very cherty units in the Five Oaks-

Elway Limestone southeast of the Saltville fault (Poplar

Hill anticline). The cherty units are present northwest of

the Poplar Hill anticline in the folds of the Narrows and

St. Clair thrust blocks (Fig. l), but are not known to be

present in the Blacksburg synclinorium or in the Salem

synclinorium. Furthermore, in the Salem synclinorium the

New Market Limestone, a lithologic and probably strati-

graphic equivalent of part of the Blackford and Five Oaks-

Elway succession, is notably thinner (by at least 200

feet) than the Blackford and Five Oaks—Elway in the Spruce

Run syncline northwest of Newport. This indicates that

the troughs of the Spruce Run syncline and the other

structures of the Narrows and St. Clair thrust blocks

(Giles synclinorium) subsided before the troughs of the

Blacksburg synclinorium or the Riner synclinorium which

forms the root of the Salem synclinorium. In early Middle

Ordovician or Late Canadian time, the developing Poplar

Hill anticline became the "hingeline" between the subsiding

Giles synclinorium (Spruce Run, Pearisburg and Johns Creek

synclines and intervening Bane and Clover Hollow anticlines)

to the northwest and the still emergent Blacksburg and Riner

synclinoria to the southeast. Alternatively, if the
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subsidence of the three synclinoria started at the same time,

the Giles synclinorium merely subsided at a greater rate than

the Blacksburg and Riner synclinoria during Five Oaks-

Elway depositional time. Chemical weathering of the clays

_ and quartz grains of the Knox regolith on the semi—emergent

Blacksburg and Riner synclinoria may have supplied, in

part, the great quantity of silica present as chert in

the Five Oaks-Elway Limestone of the Giles synclinorium.

During Pearisburg—Lincolnshire depositional time the

Spruce Run syncline became a somewhat deeper water environ-

ment. The Poplar Hill anticline remained high at first,

but later, in early Pearisburg-Lincolnshire time, was

submerged and yielded limestones similar to those of the

Spruce Run syncline. The grainstones in the Pearisburg-

Lincolnshire and Benbolt limestones represent minor shoaling

to higher energy environments.

The Benbolt portrays the continuation of Pearisburg-

Lincolnshire depositional environments, but with a minor

influx of terrigenous muds. Abnormally rapid subsidence

in the Riner and Blacksburg synclinoria (Tillman and

Lowry, 1968) prevented nearly all the black mud of the

Liberty Hall Formation from reaching the map area. Most of

that which did reach the map area is on the northwest

limb of the Blacksburg synclinorium; the Poplar Hill anti-

cline may have been a barrier that kept nearly all Liberty

Hall mud from reaching the Spruce Run syncline. The mud
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continued to come into the map area until after deposition
of the basal Witten.

After the minor influx of muds, the Clover Hollow area
became the site of clastic carbonate sedimentation. Cross-
bedded grainstones in the Witten indicate the presence of
beach environments that probably flanked the Clover Hollow
and Poplar Hill anticlines. Carbonate sedimentation
ended abruptly on the Poplar Hill anticline as the Moccasin
muds from the southeast entered the map area. In the Clover
Hollow area carbonate sedimentation gradually diminished
as Moccasin muds slowly covered the uppermost algal mat
beds. Apparently, the Poplar Hill anticline was again an
obstruction to muds prograding northwestward.

It appears that during the deposition of the Middle
Ordovician limestones in the Newport area, the Spruce Run
syncline subsided about twice as fast as the Poplar Hill
anticline, and about one and a half times as fast as the
Clover Hollow anticline. The prominence of the Poplar Hill
anticline as a topographic high may have had its inception
in Late Canadian time. The thick beds of white chert in
the Upper Knox are restricted to the southeast limb of the
Poplar Hill anticline, which suggests that silica was not
reaching the Spruce Run syncline because of the obstructing
Poplar Hill anticline. However, in the northeast corner of
the map area and in upper Sinking Creek Valley, massive
white chert beds of the Upper Knox ocour in the overturned
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southeast limb of the Spruce Run syncline. But it must be

emphasized that the Spruce Run syncline and the Poplar Hill

anticline are less prominent structurally in upper Sinking
Creek Valley. Apparently, in Ordovician time the Poplar
Hill anticline was better expressed topographically near
Newport than in the area northeast of_Huffman. It is not
merely coincidence that as the Spruce Run syncline and the

Poplar Hill anticline die out to the northeast so does the
Saltville fault. The two structures and the fault are

l
genetically related.

The difference in the thickness of the Upper Knox with

structural setting, the difference in the relationships

between the Knox Dolomite and Middle Ordovician limestones,

the absence of the basal Middle Ordovician section on the
Poplar Hill anticline, and the difference in thickness and
lithology with structural setting of the Middle Ordovician
section, the Five Oaks—Elway in particular, attest to the

inception of the Poplar Hill and Clover Hollow anticlines
and Spruce Run syncline by early Middle Ordovician time.

Prior and subseguent sedimentation

The oldest rocks exposed in the map area are the Honaker
dolomites of Middle Cambrian age. The dolomites formed
on a slowly subsiding carbonate shelf that remained at
or near sea level while more than l,OOO feet of section
was developed. Then minor amounts of terrigenous sediment

entered the area, as represented by the Nolichucky Shale
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and the quartz sandstones in the Copper Ridge Formation.
* The basal Copper Ridge sandstone, which thickens and thins

along strike, seems to represent bar sands which migrated

on the carbonate shelf. The bar sands and oolitic textures

(now silicified) indicate that currents, at times, actively

swept the carbonate shelf. Silica was introduced into the

area during the dolomitization process (Dietrich et al,

1963) and is represented by the white chert in the Knox

Group. The limestones in the Knox Group avoided dolomiti-
zation by being in less restrictive and/or non—hypersaline

environments.

As already noted, in Late Canadian time differential

regional warping that accompanied the onset of recognizable

compressional folding (Lowry, 197ü) caused the carbonate

shelf to partially emerge from the Knox sea. The Knox
unconformity signalizes the change from shelf sedimentation
to syntectonic sedimentation which is represented by the

Middle Ordovician limestones and later sediments.
In the map area the Middle Ordovician limestones are

overlain by predominantly terrigenous sediments which in

part were coming off the rising Blue Ridge anticlinorium
(Tillman and Lowry, 1971; Lowry, 197ü) and which generally l
increase in coarseness upward. The Moccasin muds were
deposited in shallow waters and were frequently exposed to

the atmosphere. The overlying Eggleston Formation was

deposited under similar conditions as the Moccasin, but was
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not subjected to subaerial exposure. The Moccasin and

Eggleston are facies equivalents of the Bays Sandstone in
the Salem synclinorium (Cooper, 1961; Tillman and Lowry,

1971). Bentonite interbeds in the Bays (Hergenroder, 1966)
and its equivalent to the northwest in Giles County attest to
continuing crustal unrest. Syntectonic sedimentation
caused thicker sections of Moccasin and Eggleston strata
in the Spruce Run syncline and thinner sections on the

Poplar Hill anticline. On the northwest limb of the Spruce
Run syncline northwest of Newport the Moccasin and

Eggleston are 236 feet thick (Cooper, 1961). On the south-

east limb of the Poplar Hill anticline southeast of
Huffman the section is only 161 feet thick. The difference
between the two sections is apparently even greater near

_ New River, 333 feet versus 67 feet (Ovenshine, 1961). The

thickening of the Moccasin-Eggleston section along the
Poplar Hill anticline reflects the northeastward diminish—
ment of the Poplar Hill anticline as a topographic high in
Ordovician time.

The Martinsburg, Juniata, and Tuscarora succession is
a fine example of an offlap. According to Lampiris (1974)

the Silurian sandstones represent a symmetrical trans-
gressive—regressive cycle. Terrigenous sediments probably

continued to come into the map area until Late Mississippian

time as sedimentation is known to have continued into
Mississippian time in the Blacksburg and Salem synclinoria
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and in the Greendale (Spruce Run) syncline down plunge

to the southwest.

Syntectonic sedimentation is believed to have been

active during the deposition of Upper Ordovician, Silurian,

and Devonian sediments of the map area. In the Blacksburg

synclinorium (Cooper, 1961, 1963, 1964, 1968) an abnormally

thick section of Upper Ordovician, Silurian, and Devonian

strata was encountered in the California Company's test well

on Price Mountain (Fig. 1), a subsidiary anticline in the

trough of the Blacksburg synclinorium. These sections

were 30 percent to 100 percent thicker than sections on

either flank of the synclinorium. In the Spruce Run

syncline north of Newport the Martinsburg is about 500

feet thicker than the Martinsburg on the northwest limb

of the Blacksburg synclinorium east of Newport. Hayes (1974)

noted that the Tuscarora Sandstone of southwest Virginia

thickens in local synclines which were subsiding during

deposition. Syntectonic sedimentation probably continued

in the Spruce Run syncline until Mississippian time although

no Upper Devonian or Mississippian strata are preserved.

Southwest of the map area, the rate of subsidence in the

Spruce Run—Greenda1e syncline was far greater. Cooper (1964)

noted profound thickening of Mississippian sediments in the
Greendale syncline near Saltville, Virginia. Recent work

by Hasson (1974) in the Greendale syncline of northeast

Tennessee shows thickening of the Chattanooga Shale and
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Grainger Formation in the trough of the syncline. Hasson's
inference is that the Greendale syncline was actively
subsiding during Devonian—Ear1y Mississippian time. The
southwest end of the Greendale syncline subsided more than
its northeast extension, the Spruce Run syncline. This
relates to the greater subsidence of the ancestral

Appalachian geosyncline in the Southern Appalachians
(Lowry, 1974).

In the map area the time of faulting can not be
accurately dated because beds younger than Silurian are
absent from the faulted area. To the southwest near
Saltville, Virginia the youngest beds which were involved
in faulting belong to the Pennington Formation of Late
Mississippian age (Butts, 1940). Faulting probably occurred
in Late Mississippian—Ear1y Pennsylvanian time which is the
time of faulting of the thrusts to the southeast (Cooper,
1963; Lowry, 1971, 1974).



GOLLUVIUM OF GLOVER HOLLOW

AND SINKING GREEK VALLEY

Introduction

The extensive deposits of colluvium throughout Glover
Hollow and Sinking Greek Valley cover approximately 10
percent of the area (Pl. 1). Colluvium (Fairbridge, 1968)
is a term applied to loose and heterogeneous slope deposits,
including scree, brought down by gravity, soil creep,

sheet erosion, mudflows, solifluction, or combinations
thereof. Much of the colluvium of Glover Hollow and Sinking
Greek Valley and the alluvium derived therefrom are so alike
that they are practically inseparable for description.
Fairbridge (1968) notes that it is not always easy to

distinguish between colluvium and alluvium unless angular
debris is included (which most likely indicates colluvium).

However, Silurian—derived boulders are generally rounded 3
on the lower colluvial slopes, as are the alluvial boulders.
In the northern reaches of Glover Hollow and the area

southeast of Glover Hollow Mountain, the lower colluvial
V

slopes are denuded by rills that cause some sorting and
stratification. So, although colluvium is characterized
by unsorted, unstratified debris, a small amount of sorting
and stratification can occur. Colluvium and alluvium of
the map area merge imperceptibly where they meet. Drawing
the line between the two is difficult. It is obvious that

the colluvium—derived material of the flood plains was

36
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deposited by alluvial processes and is mapped as

alluvium (Pl. l).

Thicknesses of the colluvial deposits range from thin

veneers to masses tens of feet thiok depending on depth

of weathering and colluvial movement. Saprolite which

underlies colluvium can become part of the colluvial mass

if the saprolite is involved in colluvial movement, like
soil creep. This can greatly increase the thickness of

the colluvium. The colluvial veneers are generally

restricted to valley hilltops like Big Ridge where colluvial

cobbles are mixed with the bleached chert of the Five Oaks-

Elway regolith. The thickest colluvial material is located
at the foot of ridge slopes.

Colluvial soils are very favorable to the growth of

pines rather than hardwoods. Springs are associated with
the colluvial deposits as much of the drainage is internal.
Artesian wells are common to the lower colluvial slopes

along Sinking Creek Mountain and on the southeast slopen

of Big Ridge.

Extent

Colluvium is particularly concentrated along the slopes

of Clover Hollow and Sinking Creek Mountains. Smaller

amounts are present along the slopes southwest of Kelly

Knob and along Johns Creek Mountain. In Clover Hollow the
colluvium has two distinct forms. Along the southeast slopes

of Johns Creek Mountain and the slopes southwest of Kelly
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Knob the colluvium comprises rock tongues generally

restricted to obsequent stream valleys. These tongues,

which are 50 to 700 feet wide and over 1500 feet long, have

slope values of approximately 19 degrees, Contrastingly,

along the northwest slopes of Clover Hollow Mountain the

colluvium forms a nearly continuous sheet which extends

from the upper slopes all the way down to the valley

floor and has slope values of about lb degrees. Locally

the two forms merge and cover the crestal hills of the

breached Clover Hollow anticline. One can traverse from

the slopes of Johns Creek Mountain to the slopes of Clover

Hollow Mountain without ever setting foot on bedrock.

Areally, the pattern of the surficial deposits resembles

that of a braided stream.

Like the northwest slopes of Clover Hollow Mountain,

the southeast slopes are heavily covered with colluvium.

The colluvial cover parallels the entire length of Clover

Hollow Mountain and reaches to the floor of Sinking Creek

Valley. This particular colluvial cover has the lowest

slope values (approximately 11 degrees) of the map area.

The colluvium along the northwest slopes of Sinking

Creek Mountain, which has slope values of approximately 18

degrees, only locally reaches the valley floor of Sinking

l Creek. Skeletal limestones of the Middle Ordovician
Pearisburg-Lincolnshire Limestone form a low ridge which

confines much of the colluvium between the ridge and Sinking
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H Creek Mountain. The valley between is largely the result
of the development of karst topography in the argillaceous

limestones of the Middle Ordovician Benbolt Limestone.
Sinking Creek has eroded away much of the former lower
extensions of the colluvium derived from Sinking Creek
and Clover Hollow Mountains.

Physical make-up

The colluvium of the map area is composed of poorly
sorted material that ranges from clay size to boulders

as much as 20 feet long. The size of the constituents is
directly related to the source rocks. The colluvial
material was derived from the Moccasin, Eggleston, Martins-
burg and Juniata formations of Ordovician age and from the
Tuscarora, Rose Hill and Keefer formations of Silurian age.

The dominant contributors to the colluvium are the
white and maroon sandstones of the Silurian System. These
resistant sandstones are the principal ridge-maker in the
folded Appalachians of western Virginia. Silurian-derived
boulders litter the surfaces of all colluvial deposits.
Orthoquartzitic Tuscarora and Keefer boulders are generally
blocky with roundness increasing downslope. Rounding is V

accomplished by mechanical and chemical processes. The
ferruginous Rose Hill sandstones are chemically stable but
physically weather into flags and tabular boulders.
Weathering of the orthoquartzite boulders causes some boulder
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surfaces to become very friable and easily erodible
especially if the boulder was buried for an extended

period of time. Sandstone boulders exposed at the surface
are generally very hard, part of which may be due to case
hardening.

Individual boulder sizes are impressive. The largest
boulder found in the map area is north of the road junc-

tion of County Roads 602 and 685 on the lower slope of

Johns Creek Mountain. This orthoquartzite boulder is

approximately 20 feet long and l0 feet wide and high and

weighs about l60 tons. Several other boulders of this
magnitude are found along County Road 602 north of Big
Ridge and are now isolated from Johns Creek Mountain by
karst topography. The size of these boulders and their
location raises the question of whether they were physically

let down as the underlying strata was eroded away or rather

are the result of normal colluvial emplacement by downslope
creep. This possibility will be discussed in the next
section.

The upper reaches of the colluvium are very sandy.
Although the colluvium becomes more clayey downslope, clay
is never the dominant constituent of the colluvial soil.

Much of the colluvial clay is removed by percolating water,

rain and sheet wash, and other forms of runoff. Additional

sand is provided to the lower colluvial slopes by the p
weathering of the orthoquartzite boulders which maintains
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the high peroentage of sand.

Origin

The colluvium of Clover Hollow and Sinking Creek .
Valley is the aftermath of extensive mass—wasting. The
colluvial process began with the accumulation of frost—

wedged Silurian sandstone boulders below the Silurian out-
crop. The frost wedging was assisted by the erosion of
the less resistant Juniata Formation from underneath the
Silurian outcrop. Projecting Silurian sandstone would
break off to form scree deposits. The colluvial boulders
then began their slow downslope movement to the valley
floor.

Soil creep plays an important role in the downslope
movement of the colluvial material. The colluvium, which
is very porous, provides an adequate supply of water for
the weathering of the Juniata and Martinsburg formations
to clays and minor silts and sands. The moisture acted
as a "lubricant" as gravity pulled the Juniata and Martins-
burg saprolite and overlying colluvial material downslope.
So, what started out as scree creep is joined by soil creep
of the underlying weathered bedrock. Frost heaving,

gelifluction in particular, and solifluction assisted the
slow downslope movement.

Slump is another mechanism of colluvial movement in
the map area. Scree accumulation and increased water content
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on the upper colluvial slopes produced higher internal

stresses within the colluvial body which led to downslope

movement. Along the northwest slope of Sinking Creek

Mountain, higher internal stresses within the colluvial

body were also created by karst development in the Benbolt

Formation. This erosional process merely removed the

support of the toe of the colluvium and allowed downslope

movement. As the colluvium progressed down over the Eggles-

ton and Moccasin formations, clasts of Eggleston and

Moccasin were no doubt picked up and included in the colluv-

ium. Most of the clasts, however, are either weathered out

or still in the base of the colluvium.

The trend of the colluvium in Clover Hollow generally

follows the present day drainage pattern except for the

area along County Road 602 between Big Ridge and Johns

Creek Mountain (Pl. 1). Here the drainage is across the

southeasterly colluvial trend. Development of karst topo-

graphy in the Middle Crdovician Five Oaks-Elway Limestone

creates the southwesterly drainage in this area. The

development of karst topography beneath colluvial deposits

has produced sinks in the colluvium in which thelimestonebedrock
is exposed locally. Sinks that pre-date colluvial

accumulation formed local colluvial deposition centers.

In a limestone mine near Kimballton (Fig. 1), colluvial

material has been found let down in the limestone under

nearly 800 feet of cover (Cooper, 1961).
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Chemical weathering of Ordovician strata below the

_ Silurian sandstones could possibly allow the physical let-

down of large Silurian boulders. This could explain the
large boulders on the northwest slopes of Big Ridge which
are now isolated from their source. However, it is

believed that these boulders were derived from Johns Creek
Mountain when the ridge crest was farther southeast,

approximately where the lower Martinsburg Formation presently

crops out.

Two factors appear to have an effect on the amount

of colluvial cover: l) the dip of the bedrock, 2) to

a much greater degree, slope direction. A relatively steep
bedrock dip on the obsequent slope seems to have greater

amounts of colluvial cover. In the map area on the north-
west slope of Sinking Creek Mountain, the amount of colluvial «

cover decreases as the dip of the bedrock decreases north-
eastward from U. S. Route uéo. The slope southwest of the
Kelly Knob area, where bedrock is nearly horizontal, has
relatively little colluvial cover. The second and most

important factor is the slope direction. The northwest

slopes are extensively covered with colluvium as compared
with the light cover on the southeast slope of Johns Creek

Mountain and on the slope southwest of the Kelly Knob area.

The southeast slope of Johns Creek Mountain and the north-

west slope of Sinking Creek Mountain in Giles County are
very similar in regard to bedrock, dip, and slope value; the
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only notable difference is slope direction. Northwest

slopes, which remain more moist because they receive the

least amount of direct sunlight, appear to have spawned more
extensive mass-wasting, frost action in particular, than
the "sun" slopes.

There are exceptions to the above observations in
the map area. The southeast slope of Johns Creek Mountain,

whose bedrock dip is relatively steep, has very little

colluvial cover. This slope points out the greater impor-
tance of slope direction over bedrock dip in determining

the amount of colluvial cover. The northwest slope of

Clover Hollow Mountain, where the dip of the bedrock is

. relatively gentle, is extensively covered with colluvium.
Again, this points out the importance of slope direction
over bedrock dip. Another exception in the map area is the
southeast slope of Clover Hollow Mountain which is very

extensively covered with colluvium. This is related to

two geologic factors. First, the colluvium is derived from
a wide source area, the northwest and southeast limbs of

the Spruce Run syncline. Second, the southeast limb of

the Spruce Run syncline, which is overturned and partially
buried beneath the hanging wall of the Saltville fault,

was intensely fractured during the deformational process.

The greater fracturing of the Silurian sandstones in the

southeast limb of the Spruce Run syncline allowed more

rigorous mass—wasting which increased the supply of
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colluvial material. The colluvium of Johns Creek Valley

and the colluvium south of Happy Hollow is predominantly

a sand outwash derived from the dip slopes of Silurian

sandstones.

A62
Mass—wasting processes are at work today in the

Appalachian Mountains of Virginia (Cooper, 1961; Hack,

1965). In the map area, the colluvial deposits, in their

ientirety, are relatively stable except for minor downslope

movement of colluvial material on the surface by means of

gelifluction and solifluction. On the ridge crests recent

frost-wedged Silurian boulders are beginning their slow

downslope movement. The colluvial deposits of Clover

Hollow and Sinking Creek Valley represent a continuous

process of mass-wasting that has probably been going on

since the Appalachians emerged as mountainous terrain.

The mass—wasting processes were accelerated during the

periglacial climates of the Pleistocene (King, l9U9, 1950;

Cooper, 1961). The extent of the colluvial deposits on

the ridge slopes in the map area and their respective

slope direction attest to the climatic control over colluvial

development. During the Pleistocene the colluvium moved as

rock glaciers (Cooper, 1961; Fiedler, 1967) toward the

valley floors. The colluvium generally becomes older away

from the ridge slopes. The colluvial material on Big Ridge

in Clover Hollow and on Keister Hill northeast of Newport
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are the oldest deposits in the map area, possibly as old

as Early Tertiary. Sears (1957) reported Cretaceous or

Early Tertiary lignite underlying colluvium in Smyth

County, Virginia. Much of the older colluvial material

y has been removed by the tributaries of the New River.

As previously noted, the colluvium along Sinking

Creek Mountain only locally reaches the valley floor of

Sinking Creek. The colluvium, for the most part, is

perched 100 to 300 feet above the rejuvenated course of

Sinking Creek. Valley hilltops, like Keister Hill and

other hills developed on the Knox outcrop belt, may represent

remnants of a former erosion surface of Sinking Creek. The

break—in—slope along Sinking Creek Mountain, approximately

where the Benbolt Limestone crops out, may mark the south-

east margin of this old erosion surface. The karst

development in the Benbolt Limestone along Sinking Creek

Mountain and the development of the valleys between Big

Ridge and Johns Creek and Clover Hollow Mountains in Clover

Hollow is believed to correlate with the rejuvenation of

New River and its tributaries during Late Tertiary and

Pleistocene time (Dietrich, 1959; Cooper, 1961).
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APPENDIX

Geologie Section 0ne: Middle Ordovieian limestones on
H. R. Hughes' farm on County Road 630 about 0.8 mile
southeast of Huffman, Craig County, Virginia.

Thickness

Feet

Martinsburg Formation

Eggleston and Moeeasin Formations (161 feet)
Witten Limestone (124 feet)

26. Covered ..................
6

7
25. Eehinoderm skeletal paekstone and waekestone,

gray, dolomitie; minor skeletal fragments:

braehiopods and bryozoa; minor algal mat . . 26
24. Lime mudstone with scattered echinoderm

skeletal grainstone; weathers gray and

nodular; minor algal mat .......... 15
23. Eehinoderm skeletal grainstone, light gray;

minor skeletal fragments: bryozoa and gas-

tropods .................. 23

22. Covered .................. 29

21. Skeletal waekestone, thin bedded, dark gray,

very shaly ................. 24
Benbolt Limestene (203 feet)

20. Eehinoderm and bryozoan skeletal grainstone,

dark gray ................. 66
19. Algal mat boundstones, dark gray, very shaly;

51
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and gray skeletal packstones, crinoids,

gastropods, bryozoa, brachiopods ....... 37

· 18. Algal mat boundstones and lime mudstones,

shaly, very thin bedded, dark gray, nodular

weathering .................. 7

17. Interlayered brachiopod and gastropod skeletal

wackestone and thin algal mat boundstone, dark

gray ..................... 56

16. Covered ................... 28

15. Algal mat boundstone, dark gray, shaly, very

nodular weathering .............. M

14. Covered ................... 38

13. Algal mat boundstones and bryozoan and

brachiopod skeletal wackestones, dark gray to

black, Shaly, cherty, nedular weathering . . . 27

Pearisburg—Linc01nshire Limestone (2#1 feet)

12. Covered ................... 39

11. Echinederm skeletal grainstones, dark gray . . 5
10. Skeletal wackestone, very cherty, dark gray,

nodular weathering; skeletal fragments:

brachiopods, bryozoa, and gastropods ..... 50

9. Covered ................... 38

8. Lime mudstone, thin-bedded to laminated, gray,

fine birdseye textures, burrowed ....... 5

7. Skeletal packstones and wackestones, dark gray,

skeletal fragments: bryozoa, gastropods, and
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and the braehiopods: Sowerbyites
· gildersleevei, Dinorthis atavoides, and

Minella sp.; fossil sample at 198 ...... 30

6. Algal mat boundstone with scattered oncolites
(loeally tightly paeked) and interbedded bryo—

p zoan skeletal wackestones, gray ....... 74
Five 0aks—Elway Limestone (81 feet)

5. Lime mudstone with birdseye textures, light
gray .................... 10

4. Argillaeeous lime mudstone, light gray . . . 7
3. Lime mudstone with birdseye textures, light

gray .................... 64
Blackford Formation (31 feet)

2. Argillaeeous dolomite with angular chert
detritus; grades upward in lime content, light
gray; weathers brown ............ 28

1. Chert and dolomite conglomerate, very coarse

with clasts up to 22 inches across ..... 3
Unconformity

Knox Dolomite

Geologie Section Two; Middle Ordovician limestones on
U. S. Route 460 in slice between Newport fault and Saltville

fault west of Newport, Giles County, Virginia.

Thickness

Feet

Pearisburg—Lincolnshire Limestone

ll. Covered section cut off on southeast by
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Newport fault ................
lO. Skeletal waokeetone with black nodular chert,

dark gray; weathere light gray; ekeletal frag-

mente: bryozoa, brachiopode, and gaetropode;
minor algal mat ............... 2

9. Lime mudetone with birdeeye texturee, medium
gray; weathere light gray .......... l

8. Skeletal wackeetone with black nodular chert,

dark gray; weathere light gray; ekeletal frag-
· mente: bryozoa, brachiopode and gaetropode;

minor algal mat ............... l8

7 7. Covered ................... l5
6. Skeletal wackeetone with black nodular chert,

dark gray; weathers light gray; ekeletal frag-

mente: bryozoa, brachiopode and gaetropode;
minor algal mat . . . . ........... 5

5. Covered ................... lO

4. Interlayered algal mat boundetonee,ekeletalwackeetone,

and oncolitee, dark gray; weathere

light gray; ekeletal fragmente; bryozoa,

brachiopode, and gaetropode ......... 2
Five Oake-Elway Limeetone (49 feet)

3. Covered ................... l5

2. Lime mudetone with birdeeye texturee, medium

gray, weathere light gray .......... 34

Blackford Formation ? (2 feet)
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l. Lime mudstone, medium gray; weathers light
gray, basal breceia with angular chert

clasts ................... 2

Unconformity

Knox Dolomite

Geologie Section Three: Middle Ordovician limestones on
U

County Roads 603 and 6ou about 1.2 miles northwest of New-

port, Giles County, Virginia.

Thickness

Feet

Moeeasin Formation

59. Lime mudstone, mottled red, green, gray and

tan .................... 30

Witten Limestone (200 feet)

58. Algal mat laminates with thin red stringers
and interbedded gray skeletal paekstones and
wackestones ................ 22

57. Gray pellet grainstone with brown dolomite

stringers ................. 2U

56. Interlayered dark gray, brachiopod skeletal

packstones and waekestones with brown dolo-
mite stringers, burrowed .......... 30

55. Crinoid skeletal grainstone, gray ..... 3
5M. Interlayered pellet and ooid grainstones and

packstones, locally cross—bedded; intraclast

grainstones at top, gray .......... UO
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53. Crinoid skeletal packstone and wackestone
burrow mottled, gray ............. 12

52. Interlayered skeletal grainstones and pellet
grainstones and packstones, gray; locally _
cross—1aminated and burrowed; skeletal frag-

ments echinoderms and bryozoa; algal
nodules........ . ........... 42

51. Interlayered orinoid and bryozoa skeletal pack-
stones and wackestones with algal nodnles and
dolomite layers, dark gray; shaly....... 27

Benbolt Limestone (166 feet)
50. Echinoderm and bryozoan skeletal grainstone,

very coarse, gray............... 10
49. Interlayered echinoderm and bryozoan skeletal

grainstones, paokstones and wackestones, with

algal nodules, dark gray; burrow mottled . . . 19

M8. Covered........... . ........ 65
47. Pellet packstone with large brachiopods, gray,

shaly..................... 3
M6. Skeletal wackestone, black; weathers light

gray; skeletal fragments: gastropods, brachio-
pods, echinoderms, bryozoa . ......... 20

45. Algal mat boundstone; weathers brown ..... 3
UM. Skeletal wackestone and minor algal mat bound—

stone, dark gray, skeletal fragmentsz gastro-
pods, brachiopods, echinoderms, bryozoa.... 7
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43. Covered ................... 3

42. Skeletal wackestome, black; weathers light

gray; skeletal fragmemts; gastropods, brachio-

pods, echimoderms, bryozoa ......... 3

41. Covered ................... 2

40. Skeletal wackestome black; weathers light gray;

skeletal fragmemts: gastropods, brachiopods,

echimoderms, bryozoa ............ 20

39. Lime mudstome, black, very thim-bedded, very

shaly, orumbly weatherimg; very thim-bedded

chert .................... ll

Pearisburg-Limcolmshire Limestome (216 feet) ‘

38. Imterlayered skeletal packstomes amd wacke-

stomes with modular black chert, dark gray;

skeletal fragmemts; gastropods, brachiopods,

bryozoa, echimoderms amd rugose corals . . . 40

37. Covered ................... 10

36. lmterlayered skeletal packstomes amd wacke-

stomes with modular black chert, dark gray;

skeletal fragmemts; gaetropods, brachiopods,

bryozoa, echimoderms ............ 10

35. Covered ................... 126

34. Imterlayered skeletal packstomes amd wacke-

stomes with modular black chert, dark gray;

skeletal fragmemts; gastropods, brachiopods,

bryozoa, echimoderms ............ ll
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33. Covered ................... l8

· 32. Interlayered skeletal packstones and wacke-

Stones with nodular black chert, dark gray;

skeletal fragments; gastropods, brachiopods,

bryozoa, echinoderms ......... . . . l

Five 0aks—Elway Limestone (507 feet)

3l. Algal mat boundstone, laminated; grades upward

into lime mudstone with birdseye textures, light

gray .................... 39

30. Covered ................... 2l

29. Crinoid skeletal wackestone, dark gray . . . 8

28. Covered ................... l

27. Dark gray, crinoid skeletal wackestone and gray

brachiopod skeletal packstone; intraclastic

contact between ............... 5

26. c6v6r6d ................... 15

25. Lime mudstone with birdseye textures, gray . 6

24. Covered ....e ............... 3

23. Dark gray skeletal wackestone; grades upward

7 into light gray lime mudstone with birdseye

textures; which in turn grades upward into gray

intraclast grainstone ............ 24

22. Lime mudstone, laminated, gray ....... 2

2l. Covered ................... 3

20. Skeletal wackestones and packstones, dark gray,

cherty ................... 3
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19. Pallat wackastoma with modular black chart;

gradas upward imto lima mudstoma with

birdsaya taxturas, dark gray ......... 15

18. Bryozoam amd brachiopod skalatal wackastoma

with black chart, dark gray; scattarad imtar-

baddad gray lima mudstomas .......... 23

17. Pallat amd imtraclast packstomas with modular

black chart, gray .............. 5

16. Crimoid amd brachiopod skalatal packstoma with

modular black chart, dark gray ........ 7

15. Imtraclast lima mudstoma amd lima mudstomaa

with birdsaya taxturas, light gray ...... 29

lü. Covarad ................... 27

13. Lima mudstoma with birdsaya taxturas, light

gray; mimor pallat packstoma ......... 36

12. Lima mudstoma, dark gray, lamimatad, baddad

black chart ................. 8

ll. Covarad ................... 7

10. Brachiopod skalatal packstoma, dark gray; with

modular algaa amd black chart, Dimorthis

holdami horizom ............... 8

9. Covarad ................... 9

8. Wackastoma with modular algaa amd modular black

chart, gray ................. 2

7. Covarad ................... 109

6. Lima mudstoma, dark gray to black, thim shaly
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bed; grades upward into pellet grainstone with

nodular black chart ............. 12

5. Lime mudstone with birdseye textures, dark

gray; faint algal mat structures ...... 10

M. Lime mudstones, black, argillaceous; calcareoue

shales, gray, fracture—cleavad; interbedded

black chart; minor interbedded skelatal

wackestones; skeletal fragments: brachiopods,

gastropods, crinoids, bryozoa, and ostracods. 70

Blackford Formation (105 feet)

3. Dolomitic limestone with local birdseya tax-
‘

tures, light gray .............. 57

2. Dolomite, medium- to thick-bedded,argillacaous,

gray; waathers brown ............ MM
1. Chart and dolomite conglomerate, fine; gradas

upward into intraformational conglomarata with

chart datritus, light gray; weathers brown . M

Unconformity

Knox Dolomite
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GEOLOGY OF CLOVER HOLLOW AND SURRCUNDING AREA,

GILES AND CRAIG COUNTIES, VIRGINIA

by
John Anderson Gambill

‘

(Abstract)

Structures in the study area, from southeast to

northwest, are the Blacksburg synclinorium, Poplar Hill

anticline, Saltville fault, Spruce Run syncline, Clover

Hollow anticline, and Johns Creek syncline. The folds

are believed to have had their inception by early Middle

Ordovician time. The Knox—Middle Ordovician unconformity

is well expressed on the Poplar Hill and Clover Hollow

anticlines. The contact between the Knox Group and

Middle Ordovician is less well defined in the Spruce Run

syncline. The character of the unconformity and depositional

thickening of the Middle Ordovician limestones in the Spruce

Run syncline were caused by compressional downwarping.

Comparison of the Middle Ordovician limestones of

the Giles synclinorium with those of the Blacksburg and

Salem synclinoria to the southeast suggests that the Giles

synclinorium subsided before or faster than the southeastern

synclinoria during early Middle Ordovician time.

Colluvium, which covers about lO percent of the area,

is the result of great mass—wasting which may have begun as

early as Late Cretaceous time. Dominant contributors to the

colluvium are the Silurian Tuscarora, Rose Hill, and Keefer



sandstones. Northwest ridge slopes are extensively covered

with colluvium as compared to southeast ridge slopes.

Moisture content and temperature, as well as topography,

appears to have a strong influence on colluvial development.




