PHOSPHATES.

PHOSPHATE DEPOSITS IN SOUTHWESTERN VIRGINIA.

By George W. Srosk.

INTRODUCTION.

Commercial phosphate rock is not known to occur in Virginia,
the nearest deposits of consequence being those at Columbia, in
central Tennessee, where high-grade phosphate is mined on a large
scale. The phosphate bed here described is probably not of work-
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FIGURE 34.—Map of southwestern Virginia, showing by ruled pattern the area described and mapped in
thisreport. Railroad connections for this area only are shown.

able size and is therefore rather of scientific interest than of practical
value, although its discovery may lead to the finding of workable
deposits. The location of the area is shown in figure 34.

Phosphate deposits have been observed at two localities in the
area mapped by the United States Geological Survey as the Abingdon
quadrangle, in southwestern Virginia—at the foot of the southeast
slope of Clinch Mountain, 5 miles west of Saltville, and in Walker
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Valley at the east end of Brushy Mountain, 5 miles west of Marion.
The horizon at which the phosphate occurs has been traced from the
Clinch Mountain locality for 20 miles northeast and southwest across
the Abingdon quadrangle, and for about 2 miles in the Brushy Mountain
locality, as shown on the geologic map, figure 35. It has also been
mapped along the east slope of Walker Mountain for about 15 miles
in the quadrangle, but the phosphate was not seen there. '

TOPOGRAPHY OF THE REGION.

Clinch Mountain is a massive ridge trending northeast and south-
west across southwestern Virginia into Tennessee. In the Abingdon
quadrangle it comprises several nearly parallel high ridges which ac-
- company an offset in the mountain in this vicinity. TIts general
altitude in the quadrangle is between 4,000 and 4,500 feet, attaining
a maximum of 4,550 feet in Whiterock Mountain.

Walker Mountain, which begins as a low ridge about 8 miles north-
east of Abingdon, runs northeastward parallel to Clinch Mountain
and in the eastern part of the quadrangle reaches an altitude of
3,800 feet. Brushy Mountain is a local outlying ridge on the south-~
east side of Walker Mountain having an altitude of 3,500 feet.

The area between Clinch Mountain and Walker Mountain com-
prises alternate longitudinal valleys and hills. Along the southeast
foot of Clinch Mountain is a valley whose soil is so barren that it is
called Poor Valley. It is drained by several short streams which
cut through Pine Mountain, a high ridge that lies to the southeast,
between it and the valley of the North Fork of Holston River. Pine
Mountain is a narrow, nearly straight ridge parallel with Clinch Moun-
tain, having an elevation ranging from 2,500 feet to 3,000 feet in the
area mapped. As the North Fork of Holston River lies directly at
the foot of Pine Mountain and has an altitude of 1,600 feet, its tribu-
taries are short and steep and are actively scouring the adjacent
mountain. They have also cut deep ravines and coves in the side
of Clinch Mountain. To the east of the Holston Valley lie rounded
and irregular hills about 2,000 to 2,500 feet in elevation, which are
remnants of a former plain that has been dissected by short trans-
verse branches of the North Fork. Between these hills and Walker
Mountain lies a broad, open valley, with fertile limestone soil, called
Rich Valley. ‘ '

Much of this area is either timbered or is cleared for pasture.
Rich Valley and portions of the fertile lowlands bordering the North
Fork are cultivated. A great number of export cattle are raised
on the fertile western slopes of Clinch Mountain and in the adjacent
valleys, and some are pastured in the valleys on the eastern slope
and on the hills adjacent to the river, although the soil here is poorer
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and the grass not so luxuriant. The higher parts of the mountains
and the rocky portions of the slopes are timbered, mostly with
second growth, although a few patches of virgin forest, largely
evergreen, still remain’in the more inaccessible areas.
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FIGURE 35.—Geologic map of part of the Abingdon guadrangle, Virginia, showing the distribution of the
phosphate-bearing rock.

GEOLOGY OF THE REGION.

GENERAL SECTION.

The rocks of the area herein described comprise all the Paleozoic
systems from the Cambrian at the base to the Carboniferous at the
top, as represented on the geologic map (fig. 35). Those northwest of
the great Rome fault, which passes through the area, differ somewhat
in lithology, thickness, and faunal content from those on the south-
east, so that the section given in the following table is representative
of the whole area only in a general way.
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Section of rocks in part of the Abingdon quadrangle, Virginia, and correlations with

Jformations of adjacent areas.

Sys-
tem.

Bristol quadrangle,
southwest of this
area.

Part of Abingdon quadrangle, Virginia.

Character.

Thick-
ness.

Pocahontas an d
Tazewell quad-
rangles, north-
eastof this area.

Carboniferous (Mississippian series).

Devonian.’

‘Silurian.

Newman lime-
stone.

Calcareous gray shale.

Feet.
400+

Red caleareous crinoidal sandstone. Few fossils
of Mississippian age.

Calcareous bluish-gray shale and laminated
earthy limestone.

1,150

Massive blue and gray fossiliferous limestone; in
part grano-crystalline and containing some
chert. Numerous fossils of lower Mississippian
age.

250

Greenbrier lime-
stone.

Grainger forma-

tion.

Black and red shales, earthy calcareous sand-
stone, impure limestone, and red clay with
iypsum and salt beds. (Maccrady formation.)

arge molluscan fauna of lower Mississippian
age.

765

Pulaski shale,

Thin-bedded, irregular-layered coarse white to
dbluish-gray sandstone. Small fauna, prob-
ably of Pocono age.

420

Price sandstone.

Massivereddish and gray arkosic sandstone with
scattered quartz pebbles. Chemung fauna.

Sandy shale with thin fine-grained sandstones,
coarser toward the top. Chemung fauna.

1,800

Kimberling shale.

Olive colored to gray fissile shale, with inter-
bedded black shale toward the base.
(Manticoceras) fauna.

Portage |-

Chattanoogashale.

Black carbonaceous fissile shale. Characteristic
small Genesee fossils, -

Romney shale,

Hancock lime-
stone.

Massive light and dark chert layers. Large
Oriskany fauna.

125

Rockwood forma-
tion.

Impure finely laminated magnesian limestones;
calcareous gray sandstone, weathering porous,
a]t; ﬁhe base. Cayuga ostracodes and other
shells.

0-145

Soft greenish-gray shale and rusty to red ferru-
ginous sandstone. Numerous Clinton fossils
in places.

0-235

Giles formation.

Rockwood forma-
ion.

Clinch sandstone.

Pure white quartzosé sandstone of upper Medina
age. .

0-180

Clinch sandstone.

- 'Ordovi-
cian,

2

Bays sandstone.

Coarse, loose-textured red to brown sandstone
and shale. Numerous fossils of Maysville age
in lower part.

500

Bays sandstone.
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Section of rocks in part of the Abingdon quadrangle, Virginia, and correlations with
JSormations of adjacent areas—Continued,

Part of Abingdon quadrangle, Virginia. Pocahontss &1 d

Bristol quadrangle,
f‘e ¥5"|" southwestof this ;ﬂ%“ﬁ? lln ort] g -
: area. - Character. '.l]‘]l;is(;k- eas';g of this area.
Feet.

Light;-g;ﬁy t(; b1lllﬂ[? soft lsill;ale contamiﬁ]g th:'in
: crystalline fossiliferous limestones, with sand- N
Sevier shale. stone beds toward tho top. Edeén fossils in 800 | Sovier shale.
upper part and Trenton fossilsin lower part.

Moccasin 1ime- | Red to greenish-gray finely banded argillaceous 400 Moceasin lime-
stone. limestone, sandstone, and shale. stone,

Light-gray granular crystalline and compact
(Not present.] ark-bluo shaly limestones and calcareous 200
shale. Fossils of uppermost Chazy age.

’

Platy calcareous shale and dark-blue shalylime- Chickamaugalime-
Athens shale. stone in upper part; dark-gray fissile shale [500-600 | stone.
below. Normanskill graptolite fauna.

Ordovician.

Chickamauga | Iine-grained to coarse granular light-gray lime. 400
limestone. stone. Numerous fossils of Stones River age.

Interbedded impure gray laminated magnesian
[ limestone and blue limestone, with thin sand-

: stones and chert layers. Gastropods of Beek-
mantown age.

2,311

Knox dolomite. Knox dolomite,

Coarse dolomite, generally weathered to red
granular soil, some light-gray jmpure lime- (1,500
stone, and chert with cryptozoans.

' Interbedded finely banded limestone and dark-
Nolichucky shale. gray shale. Trilobites and other fossils of [400-580 | Nolichucky shale.
Upper Cambrian age.

Coarse gray dolomite, thin-bedded fine-grained
dolomite, and dolomite conglomerate, with | 600+ | Honaker lime-
round banded cherts. Closely resembles dolo- stone.
mite of Elbrook formation of northern areas.

Honaker lime-
stone.

Cambrian.

Red shale and rusty-gray sandstlme, with large 460
Russell formation. | rough cherts at the top. Equivalent to Wa- Russell formation,
\ tauga shale southwest of the area.

CAMBRIAN SYSTEM.

Cambrian rocks are exposed in this area only southeast of the
Rome fault. They are chiefly dolomite and limestone, with sub-
ordinate amounts of shale and sandstone. They comprise forma-
tions which have been described and mapped in adjacent areas as
the Russell formation (lowest), Honaker limestone, Nolichucky shale,
and the lower part of the Knox dolomite. Only the red shales, sand-
stones, and large rough cherts of the upper part of the Russell for-
mation are known to be exposed in the area here described. To the
southwest these beds have been called the Watauga shale. The
Honaker limestone and Nolichucky shale are not readily distinguish-
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able as separate formations in many parts of the area, but in general
comprise a lower series of about 600 feet of coarse dolomite and
thin-bedded finer-grained dolomite, with round banded cherts and
dolomite conglomerate at the base, closely resembling the dolomite
of the Elbrook formation of northern areas, and an upper series of
about 500 feet of interbedded finely banded dark-blue limestone and
shale. The shale decreases toward the east and is probably entirely
absent at the east edge of the quadrangle, but even there the Noli-
chucky can generally be recognized by the marked finely siliceous
banded character of some of the limestone beds and the flat-pebble
“edgewise” limestone conglomerates.

The lower part of the Knox is largely a coarse dolomite which
weathers to a deep-red granular soil but contains many harder light
gray to blue impure limestone beds and cryptozoan-bearing cherts
with wavy banding.

ORDOVICIAN SYSTEM.

The Ordovician rocks are largely limestones in the lower part and
shales and sandstones above and form valleys and the slopes of moun-
tains. The valleys, of which Rich Valley is the most important, are
generally fertile. As described in reports on adjacent areas, these
rocks comprise the upper part of the Knox dolomite and the Chicka-
mauga limestone, Athens shale, Moccasin limestone, Sevier shale, and
~ Bays sandstone, Only the Sevier dénd Bays formations occur north-

west of the Rome fault in the area here described.

The upper part of the Knox is a thick series of interbedded hard,
finely laminated light-gray impure magnesian limestone and purer
blue limestones, with thin calcareous sandstones and massive white
chert layers. It can generally be recognized by its rather meager
fauna, chiefly gastropods, which indicate Beekmantown age. The
Chickamauga limestone is largely a pure light-gray fine to coarse-
grained limestone, about 400 feet thick, and is the best rock in the
region for lime burning. Its fossils are of Stones River age. Thelower
part of the Athens shale is a dark-gray fissile shale, with thin lime-
stone beds, containing a graptolite fauna, correlated by Ulrich with
the Normanskill shale. Above these beds are dark-blue shaly lime-
stones and calcareous shale with a meager graptolite fauna.

Overlying the Athens shale are dark-blue shaly and light-gray
granular crystalline Jimestones containing numerous fossils, correlated -

by Ulrich with the uppermost part of the Chazy, which is called by
him the Ottosee limestone. These beds are apparently not present
to the southwest in the Bristol area. The beds at this horizon,
together with the Athens shale, which becomes increasingly calcareous
toward the northeast, have heretofore been included with the Chick-
amauga limestone in the Tazewell and Pocahontas quadrangles. The
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overlying Moccasin limestone is made up of finely banded argillaceous
limestone, fine-grained marble, sandstone, and shale, is usually red and
greenish in color, and contains few fossils. It is about 400 feet thick.
The Sevier shale, a thick, soft light greenish-gray to buff shale, has
thin-bedded limestones in the lower part and sandy beds and sand-
stones toward the top. The fossils of the limestones are correlated by
Ulrich with the Trenton and those of the upper beds with the Eden,
so that the formation closely resembles the Martinsburg shale of
northern areas. The sandy beds grade into the Bays sandstone, a
formation of coarse, loose-textured red to brown sandstone and red
shale. Its lower portion contains numerous fossils of Maysville age,
and the overlying apparently barren red beds may represent the
Juniata or lower part of the Medina. As the Bays sandstone directly
underlies the hard Clinch sandstone, it occurs chiefly in the upper
slopes of the sandstone ridges.

SILURIAN SYSTEM.

The Silurian rocks are largely sandstones and sandy shales included
in the formations previously mapped as Clinch sandstone and Rock-
wood formation. The Clinch, the mountain-making formation of the
region, is a pure white quartzose sandstone or quartzite, about 200
feet thick in Clinch Mountain, where some of its massive layers are
25 feet thick. In Walker Mountain, on the southeast, it has a maxi-
mum thickness of 90 feet and thins out toward the southwest. No
fossils were found in it except the supposed plant Arthophycus harlani,
which in places covers large surfaces of the white rock. Above the
sandstone are soft greenish-gray shale and red ferruginous sand-
stone, about 235 feet thick, which contain a typical Clinton fauna.
Overlying these rocks are about 150 feet of sandy magnesian lime-
stones and porous calcareous sandstones, which contain small ostra-
code and other shells characteristic of the Cayuga formation of the
northern Appalachians. These twosofter formations are not known to
be exposed southeast of the Rome fault and are probably not present
on the southeast slope of Walker Mountain.

DEVONIAN SYSTEM.

The Devonian rocks are largely shales and sandstones, but the low-
est formation of this age is a massive chert. The sandstones form a
high straight ridge named Pine Mountain and the shales the barren
valley called Poor Valley. These strata, in the region to the north,
have been described in ascending order as the Giles formation, Rom-
ney shale, and Kimberling shale and in the region to the south as the
Havcock limestone, Chattanooga shale, and Grainger formation.
The massive chert, 125 feet thick west of the fault, in part repre-
sents the Hancock limestone of the Bristol area and the Giles forma-
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tion of the northern area, these formations apparently including also
the underlying limestones of Cayugan age. The chert is generally -
very fossiliferous at the base, where it contains a well-recognized
Oriskany fauna. Directly overlying the chert is a black coaly shale
followed by fissile black shale, the whole 175 feet thick west of the
fault, correlated by some geologists with the Chattanooga shale.
It was found to contain a characteristic Genesee fauna and has the
lithologic character and stratigraphic position of the Genesee shale.
The black shale grades upward by gradual transition into olive-col-
ored and gray fissile shale having a thickness of over 700 feet and
containing a fine development of the Manticoceras fauna of the Port-
age formation. Beautifully preserved coiled cephalopods, 2 to 3 inches
in diameter were collected from this shale. It is followed by sandy
shales with thin beds of fine-grained sandstone, which becomes coarser
and more abundant higher in the section. The fossiliferous coarser
beds yield a characteristic Chemung fauna. The Devonian culmi-
nates in heavy, irregularly bedded, somewhat arkosic reddish sand-
stones, which also contain a meager Chemung fauna and probably
represent a phase similar to the Catskill formation of New York.
The strata of Chemung age are about 1,800 feet thick.

CARBONIFEROUS SYSTEM.

The Carboniferous strata exposed in the area include sandstone
and shale in the lower part and limestone above. They comprise
the Price sandstone, Maccrady (‘‘Pulaski’) formation, and Newman
limestone of published reports. The Price sandstone, 400 feet thick,
caps a high wooded mountain ridge and the limestone and shale
form low rounded hills and valleys, which are generally eleared and
used as pasture for cattle. In the upper layers of the Price sand-
stone are thin coal seams which increase in size, thickness, and range
northeast of the area. Fossil shells at its base are of Mississippian age.

The Price is overlain by about 750 feet of dark shale, soft earthy
sandstone, and thin impure limestone, which locally contain gypsifer-
ous and saline clays that are of commercial value at several places
along the great Rome fault. This formation is called the Maccrady.
It contains numerous fossil shells and plants of Mississippian age,
which find their closest ally, according to G. H. Girty, in the Moore-
field shale of Arkansas. The Maccrady is followed by massive, highly
fossiliferous limestones which grade upward into argillaceous or
earthy limestones that weather to shales, the whole constituting the
‘Newman limestone. The fauna is reported by Girty to be closely
related to that of the Batesville sandstone of Arkansas. Near the
top of the Newman limestone as exposed in the area is a red calcareous
crinoidal sandstone. The exposed thickness of the Newman is 1,600
feet. The Pennington shale, also of Mississippian age, which overlies
the Newman limestone in adjacent regions, is not present in this area.

\
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STRUCTURE AND DISTRIBUTION OF THE FORMATIONS.

Southwestern Virginia lies within the closely folded belt of the
, Appalachian Mountains. The rocks occur.in great elongated folds
with axes trending northeast and southwest, their length being meas-
urable in miles, some in hundreds of miles, and their height in hun-
dreds and even thousands of feet. They are cut here and there by
great longitudinal breaks or faults along which the strata have been
displaced. (See fig. 36.) '
The rocks were once sediments of various kinds deposited nearly
horizontally in the sea and later consolidated, and the beds attained
their present attitude by being compressed by powerful earth forces
that bent the strata into great elongated folds at right angles to the
direction of compression. The axial planes of the folds generally dip
southeast, indicating that the compressive force near the surface
acted from that direction. The faults also show this same direction
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FIGURE 36.—Structure sections along lines A-A’ and B-B’, figure 35, showing the probable extent under-
ground and relation of the phosphate-bearing rock. Cb, Cambrian rocks; O, Ordovician rocks; S, Silu-
rian rocks; D, Devonian rocks; C, Carboniferous rocks. Horizon of the phosphate-bearing rock shown
by heavy dashes. Scale, twice the scale of the map (fig. 35).

“of movement, the rocks on the southeast of nearly every fault having

been pushed or thrust over those on the northwest, in some places
several thousand feet. Most of the faults originated in folds that
were compressed to a degree beyond the shearing strength of the
rocks, which thereupon yielded by fracture and by sliding along the
fracture or fault plane.

Two such great faults cross the area here described. The larger
one, called the Rome fault because it is continuous with the fault at
Rome, Ga., passes through Plasterco, Saltville, Maccrady, and Broad,
Ford. On the northwest side of the fault is a compressed syncline
of Carboniferous limestone and shale, whose axis pitches southwest-
ward, and the syncline correspondingly deepens in that direction.
Toward the northeast the Carboniferous rocks along the fault are
partly hidden beneath the overthrust mass. Following the Car-
boniferous limestone and shale in monoclinal sequence northwest-
ward are the basal Carboniferous sandstone and Devonian sandstone
forming Pine Ridge, the Devonian interbedded shales and thin sand-
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stones and chert underlying Poor Valley, the Silurian shales and sand-
stones forming the east slope and crest of Clinch Mountain, and the
softer Ordovician rocks occupying most of the western slope of Clinch
Mountain and coves on the eastern slope. Near the north edge of
the area an anticline plunging northeastward causes the mountain-
making Clinch sandstone and associated rocks to swing back, pro-
ducing the offset of the mountain previously mentioned and a
corresponding multiplication of ridges.

Directly adjacent to the Rome fault on the southeast are the lowest
Cambrian strata exposed in the area. They are followed southeast-
ward by successively higher strata through the Cambrian and Ordo-
vician to the Clinch sandstone of the Silurian, forming Walker Moun-
tain, and the Devonian shales in the valley on the southeast. Car-
boniferous sandstones, the highest rocks locally preserved in this
syncline, form Brushy Mountain. -

The second great fault, called the Walker Mountain fault, follows
an irregular line at the east foot of Brushy Mountain and to the south-
west cuts diagonally across the rocks of Walker Mountain until the
mountain-making beds are cut off and the mountain terminates.
Cambrian and Ordovician rocks form the front of the overthrust
mass southeast of the fault. In the vicinity of Brushy Mountain
some Silurian and basal Devonian beds are infolded next to the
fault and are of special economic importance because of their content
of phosphate.

PHOSPHATE ROCK.
OCCURRENCE.

The phosphate rock occurs at the base of strata of known Oriskany
age and is probably basal Devonian. It has thus far been observed
at only two places in the Abingdon quadrangle, but the horizon at
which it occurs has been traced across the area, and its several bands
are shown on the map. Careful search along these lines of outcrop
will no doubt reveal the presence of the phosphate rock at many other
places, although it seems to be represented by red ferruginous sand-
stone in certain sections.

TUMBLING CREEK.

One of the tributaries of North Fork of Holston River descends
the steep southeastern slope of Clinch Mountain in Tumbling Creek
and has bared the lower Devonian and upper Silurian rocks so that
they are now exposed in the floor and cliffs of the narrow gorge at
Henderson’s mill. At no other place in the area were these rocks
so well displayed for examination. Generally the slopes of the moun-
tain are mantled by sandstone débris from above, and the chert
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formation is visible only in small scattered outcrops or is represented .
merely by loose fragments of chert, althongh better outcrops may
be seen in some stream gorges. The general absence of good expos-
ures of the soft rocks beneath the chert accounts for the lack of
recognition of the phosphate bed at other points along the foot of
Clinch Mountain.

The following detailed section was measured at Henderson’s mill
on Tumbling Creek:

Detaled section of the rocks containing the phosphate bed at Tumbling Creek, 5 miles
west of Saltville.

Massive beds, 1 to 3 feet thick, of hard black and white flint and
chert-bearing limestone, with numerous characteristic Oriskany  Feet.
10553 1 TR A 24

Fine greenish conglomerate of small, rounded white quartz peb-

bles and limestone pebbles cemented by white calcite, and

containing grains and large nodules of dark phosphate. About. 1
Gray and reddish, finely laminated, porous, calcareous sandstone,

greenish toward the top, with trace of calcium phosphate. ..... 14
Concretionary calcareous sandstone with shdly limestone, and

wavy banding at the base. . ........ ... ... ... 2
Thinly laminated drab limestone, weathering light gray, contain-

ing characteristic Cayuga Leperditia.......................... 12

Although the bed containing the phosphate nodules and grains in
sufficient quantity to be called phosphate rock is a little less than a
foot thick in this section, the sandstones just beneath seem also to
contain a small amount of phosphate. From the nature of the deposit
it probably varies in thickness more or less, and in the concealed
portion it may be slightly ‘thicker or thinner than where measured.

* WALKER CREEK.

The other observed occurrence of phosphate rock is on Walker
Creek at the east end of Brushy Mountain, 5 miles west of Marion,
where the following section is exposed in the new roadway recently
cut in the hillside west of the stream:

Detailed section on Walker Creek:

Nodular black flint with shaly partings. Contains characteristic Feet.
Oriskany fossils. .. ... . .. . i 40

Tine rounded grains of shiny dark green glauconite, with phos-
phatic matrix, and nodules and layers of dense fine-grained

phosphate rock. ...l 1%
Largely covered. Sandy limestone and chert with Oriskany fos-

silsat the top.... .. oo i 15
Thin-bedded light-green sandstone............................. 15

Here .also the concentrated phosphate rock is only a little over 1
foot thick, but the underlying sandstone is apparently also more or
less phosphatic.
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EXTENT.

As previously stated, although the phosphate bed has been observed
at only two places, it probably has considerable extent along the
outcrop of the beds at its horizon, shown on the map by the heavy
~ dashed line. These beds lie along the southeast slope of Clinch
Mountain between Devonian chert above and Silurian sandstone and
shales below. From Tumbling Creek they follow the foot of Redrock
Mountain and Flattop Mountain to the vicinity of Tannersville,
where they swing back around the end of Flattop Mountain into
Little Valley and then on northeast again, following the-southeast
foot of the offset Clinch Mountain. Two outliers of the horizon occur
on the mountain top around Brier Cove and Laurel Bed.

Another line of outcrop of these beds was traced along the south-
east side of Walker Mountain from a point near Emory northeastward
as far as the edge of the area shown in figure 35. In this belt, how- -
ever, the phosphate rock was not observed, although careful search
will probably reveal its presence in places.

The belt along the outcrop of phosphate rock on Walker Creek is
of small extent, perhaps 2 or 3 miles in length, as it is cut off in
both directions by the Walker Mountain fault.

The extent of the phosphate rock underground can be only sur-
mised, but as it is found at two points widely separated across the
strike of the beds, it is probably more or less continuous underground
between them. The rocks dip about 25° SE. along Clinch Mountain
and the phosphate-bearing bed therefore descends in this direction
at 25° from the horizontal for an indefinite distance and is eventually
cut off by the Rome fault. About the same dip prevails on the east
side of Walker Mountain, where the rocks at the phosphate horizon
descend southeastward in the same way. At Walker Creek the dip
is 55° SE., but as the chert is on the west and the sandstone on the
east, the relations are inverted and the dips are overturned, as shown
at the right in section A-A’, figure 36. The beds containing the phos-
phate therefore descend at 55° from the horizontal toward the south-
east for a short distance, then steepen, and at no great depth turn
back at the bottom of the syncline and connect with the Walker
Mountain outcrop of these beds.

APPEARANCE AND CHEMICAL COMPOSITION.

The phosphate rock collected in this area is of four types. One, a
conglomerate of white quartz pebbles a quarter of an inch in diameter
and larger light-colored limestone pebbles, with black calcium phos-
phate nodules of similar size, in a dark greenish-gray phosphatic
matrix, occurs at Tumbling Creek. The exposed surface of the rock
is coated by the characteristic faint bluish-white film of calcium
phosphate. Analysis of a phosphate nodule from this rock showed
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16.72 per cent of P,0;, equivalent to 36.5 per cent of tricalcium
phosphate.

Another type that occurs at Tumbling Creek is a granular sand-
stone of rounded quartz grains with calcareous and phosphatic
cement containing scattered grains and larger nodules of calcium
phosphate. The rock has a greenish color that is due apparently to
the disseminated phosphate, and on weathering it becomes coated
with the characteristic milk-white film. Analysis of the granular rock
without phosphate nodules showed only 0.22 per cent of P,0;; 34
per cent was CaCO, and the rest largely insoluble silica.

The phosphatic glauconite rock from the Walker Creek area is
composed of fine shiny grains of greenish-black glauconite in a light-
gray phosphatic cement. The glauconite weathers rusty brown,
which gives the.weathered rock a mottled rusty color. Analysis of
the glauconitic rock with llttle visible phosphatic matrix gave 1.17
per cent P,0;.

The phosphatlc glauconite rock of Walker Creek grades into a very
compact fine- gramed gray phosphate by the gradual diminution of
the glauconite grains and increase of the phosphatlc matrix. It
weathers at the surface to a thick white coating, which also forms
along the smooth joint planes that cut through it. This is the richest
phosphate rock collected, and its analysis shows 25.17 per cent of
P,0,, equivalent to 54.97 per cent of tricalcium phosphate.

AGE AND ORIGIN.

The phosphate bed, as previously stated, occurs below chert con-
taining Oriskany fossils and above rocks containing Cayuga fossils, the
limestone of Helderberg age apparently being entirely absent. The
phosphate bed, composed of grains and small pebbles of quartz,
glauconite, and phosphate nodules, probably represents the begin-
ning of Oriskany sedimentation after an interval of land conditions
during Helderberg time. ,

The area was probably but slightly raised above the sea during this
brief interval, so that erosion did not carry away the products of
disintegration of the recently deposited sandy limestone of Cayugan
age. As the lime was dissolved it left a regolith of quartz sand with
scattered quartz pebbles, rounded fragments of partly dissolved im-
pure limestone, and probably innumerable small shells of ostracodes
which crowded the limestone. On the reinvasion by the sea glaucon-
ite grains were formed, possibly by the action of decomposing animal
matter upon the iron and other minerals in the sea water, and phos-
phate nodules were formed by the concentration around organic
centers of calcium phosphate probably dissolved, from numerous
phosphatic shells, possibly ostracodes. These were intermixed with
the siliceous sedifent to form the basal deposit of the Oriskany epoch.
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During the rest of Oriskany time the land conditions were such that
detrital material was not carried into this part of the sea, the deposits
consisting of fine calcareous and siliceous ooze in which calcareous
shells of mollusks and other marine animals that lived in the sea were
buried. Later this ooze hardened to massive chert, and the fossil
shells were also altered to silica.

TRANSPORTATION AND MARKET.

Although the deposits of phosphate here described are probably not
of commercial value, those on Walker Creek are most favorably located
for transportation, being but 3 miles by road down a gentle grade
through an open country to the main line of the Norfolk & Western
Railway, and but 5 miles from Marion. If deposits are found along
the southeast slope of Walker Mountain at the horizon indicated, they
will be almost as advantageously located, the railroad paralleling the

"mountain at a distance of about 4 miles. The Clinch Mountain
locality is less accessible. The Tumbling Creek exposure is about 4
miles in an air line from the Saltville branch of the Norfolk & Western
Railway, but the construction of a contemplated branch railroad up
Poor Valley, which has already been surveyed, would make the east
foot of Clinch Mountain readily accessible.

USES AND TREATMENT OF PHOSPHATE ROCK.

Phosphate rock is the most important source of phosphorus, which
18 one of the three necessary elements of plant food in all soils, the
others being nitrogen and potash. Many soils that contain rela-
tively large amounts of nitrogen and potash, but are deficient in
phosphorus, are greatly benefited by the application of phosphate
rock alone. The usual method of preparing phosphate rock for use
as fertilizer is to dissolve it in an equal weight of sulphuric acid, a
treatment that makes the phosphorus immediately available for the
use of plants. The product is called superphosphate. Raw phos-
phate rock, either finely ground or roasted and ground, is used suc-
cessfully on the heavier humus-bearing soils without further treat-
ment or in combination with barnyard manure. If raw ground
phosphate is applied to land, the phosphorus thus added to the soil
is liberated for the use of the plant more gradually than if superphos-
phate is applied, but the amount of phosphorus eventually supplied
to the soil from a ton of the raw phosphate is about double the amount
supplied from a ton of superphosphate and the effects are said to be
more lasting, though not so intense.
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