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LETTER OF TRANSMITTAL

Department of Mines, Mining and Geology

Atlanta, July 1, 1953

To His Excellency, Herman E. Talmadge, Governor
Commissioner Ex-Officio of State Division of Conservation
Sir:
I have the honor to submit herewith Georgia Geological Survey Bulletin

No. 60, “Short Contributions to the Geology, Geography, and Archaeology
of Georgia”.

This report is published in response to many requests which have fol-
lowed the enthusiastic reception of Bulletin No. 56, which bears a similar
title. The Bulletin consists of forty-four papers with numerous maps,
cross-sections, and figures prepared by geologists, geographers, archaeo-
logists, mineralogists, geophysicists, and engineers, engaged in professional
earth science work in the University System of Georgia, Emory Univer-
sity, the State Geological Survey, United States Geological Survey, and in
industrial mineral production.

The papers here published have been given in various scientific meetings
of local or national character and include those presented at the meetings
of the Earth Science Section of the Georgia Academy of Science, at Ogle-
thorpe University 1950, University of Georgia 1951, Agnes Scott College
1952, and at Mercer University, 1953. Also, contributions are included
which were presented before the Southeastern Mineral Symposium at
Emory University in 19561 and at the Southeastern Section of the Geologi-
cal Society. of America and the Southeastern Mineral Symposium at Roa-
noke, Virginia in 1952, and at Vanderbilt University in 1953.

By subject the contributions to this bulletin may be classified as fol-
lows: Regional Geology, 4; Economic Geology, 8; Geophysical Geology 7;
Rivers and Surface Water, 6; Engineering Geology, 1; Stratigraphy, 1;
Paleontology, 3; Sedimentation and Sedimentary Petrology, 7; Structural
Petrology, 1; Mineralogy, 3; and Archaeology, 3.

It is deemed well worthwhile by the staff of the Georgia Geological
Survey to thus participate in the activities of these and other earth science
groups not only because of the transfer value, which will accrue to the
State’s mineral industrial picture, but because a suitable medium of pub-
lication will greatly encourage further scientific work. '

Up to the present time, the organizations referred to above have had
no facilities for publishing papers on earth .science subjects. The publica-
tion of these papers as a bulletin of the Georgia Geological Survey not
only represents a broadening of the scope of our wusual activities, but, in
addition, constitutes a permanent record of valuable scientific information,
which will be available to all who may have the need or the desire to
refer to it in the future.

Very respectfully yours,
GARLAND PEYTON '

Director
11X
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THE OUTCROPPING CRETACEOUS ROCKS
OF GEORGIA™*

By
D. HOYE EARGLE
U. S. Geological Survey

Introduction

A restudy of the outcropping Cretaceous rocks of Georgia,
particularly those in the western part of the State, was begun
in 1949 by the U. S. Geological Survey in cooperation with
the Georgia Department of Mines, Mining and Geology. Its
purpose was to correlate the outcropping rocks with those of
other States and to coordinate several interpretations within
this State. Such a correlation, it was hoped, would aid in the
interpretation of subsurface rocks that are being drilled for oil
down the dip in the Southeastern States and would be help-
ful in ground-water studies and in working out the strati-
graphy of the beds that produce high-grade clays in central
Georgia. .

Although a large part of the area of Cretaceous rocks had
been mapped in recent years, and a part of western Georgia
mapped in some detail, differences were found between the
units mapped in Georgia and those that had been traced to
the Chattahoochee River through Alabama. Geologists, par-
ticularly those in the oil industry, have explored the Gulf
Coastal Plain west of Georgia more carefully and have worked
out the stratigraphy and paleontology in greater detail in that
region than in Georgia. It is hoped that this project will assist
in bringing more uniformity to Gulf Coast nomenclature and
help tie the rocks of that region to those of the Atlantic
Coast. :

Previously the writer (1950) traced the Cretaceous units
from central Alabama, where most of the rocks are marine
and where much of the section is chalky, to the Chatta-
hoochee River, where the rocks are more difficult to sub-
divide. The rocks were traced bed by bed with the aid of

iPublication authorized by the Director, U. S. Geological Survey.
*Read at the Southeastern Mineral Symposium, Geology Department,
Emory University, March 29-31, 1951.
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2 SHORT CONTRIBUTIONS TO THE GEOLOGY,

aerial photographs. Hach change of facies was generally
found to be reflected in the topography and the other geo-
graphic features of the region. Working from west to east,
it was possible to trace many horizons and to recognize new
beds of coarse clastics as they enter the section from the east.
From the Chattahoochee River they were traced eastward
through Georgia as far as was practicable.

Several men have made this work possible and have added
materially in its prosecution. Watson H. Monroe, who had
previously worked in the area and recognized the need of
such correlation studies, conceived and outlined the project.
S. M. Herrick generously gave subsurface information that
helped to trace the units down the dip and to show their .
thickness and relations in that direction. Herrick and H. E.
LeGrand spent several days with the writer in the areas where
they had previously worked. P. E. LaMoreaux and L. L. Ray
provided maps of the areas in which they had worked. F. S.
MacNeil allowed the use of his manuscript maps of the
Tertiary area, which forms the southern boundary of the area
covered in this project.

"The first and most detailed stratigraphic work on the area
of Cretaceous rocks of Georgia was by Stephenson (1911).
Cooke summarized data from this work, added more from his
own and others’ subsequent observations, and brought the
terminology up to date for the State Geologic map (1939) and
for'a bulletin of the U. S. Geological Survey (1943). In 1941
Monroe traced by reconnaissance the formations then termed
the Ripley formation and Selma chalk through Alabama to
the Chattahoochee Valley. Thompson and Warren (1943-
1944) mapped several kaolin-producing areas of central Geor-
gia as part of a strategic-minerals investigation. Stephenson
and Thompson during the same year made a reconnaissance
of the clay-producing beds and their equivalents in west-cen-
tral Georgia i they prepared an administrative report which
was not published, but many of their conclusions were cor-
roborated by the more detailed work of the current survey.
In 1945 LaMoreaux mapped several counties in east-central
Georgia, extending the areas mapped by Thompson and War-
ren. In 1946 LeGrand extended LaMoreaux’s mapping east-
ward to the Savannah River and then mapped several coun-
ties westward from Twiggs County toward the Chattahoochee
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River. In 1946 MacNeil mapped the Tertiary rocks, neces-
sarily therefore mapping the southern boundary of the Cre-
taceous rocks. In 1947 in a detailed study in military geology,
Ray mapped the rocks of Fort Benning and vicinity along
the Chattahoochee River.

In correlating the various mapped areas and the writer’s
work in eastern Alabama, and in completing the unmapped
areas, it was necessary to remap the western part of the area
of Cretaceous rocks inasmuch as boundaries of some units
did not coincide in all of the areas previously mapped and
did not correspond with the boundaries established in Ala-
bama. The writer was assisted in various parts of the area by
C. W. Drennen, L. A. Shirley, Alfredo Rosenzweig and Soli
J. Bapuji.

In addition to mapping formational boundaries, the struc-
ture of seven traceable horizons was determined by altimetry.
The determination of the structure assisted in areal mapping;
projection of dip indicated areas in which to search for sig-
nificant outcrops.. In this region, where many contacts look
similar, where residual soil cover is so great, where leaching
has been so effective, and where weathered products accumu-
late to great thicknesses by colluvial movement, finding trace-
able contacts becomes a difficult problem. In hardly any
other part of the country may a geologist find such an ac-
cumulation of weathered debris to confuse geologic detail as
in the sandhills of the Coastal Plain. On the other hand, in
hardly any other place may one find outcrops as well ex-
posed as in the valley of the recently rejuvenated Chatta-
hoochee River.

Stratigraphy

The Upper Cretaceous rocks of Georgia crop out in a north-
ecast-trending belt that narrows from about 68 miles in the
Chattahoochee River valley on the west to about 22 miles in
the Savannah River valley on the east (Figure 1). Locally in
eastern Georgia the Cretaceous rocks are entirely concealed
by overlapping Tertiary rocks.

The Upper Cretaceous rocks that crop out in the Chatta-
hoochee River valley have been classified as six distinet litho-
logic units, in ascending order: the Tuscaloosa formation, the
Eutaw formation, the Blufftown formation, the Cusseta sand,
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the Ripley formation, and the Providence sand (Figure 2).
Toward the east all these formations grade laterally into a
sequence of nearly similar sand and clay. REast of the Ocmul-
gee River the sequence has not been differentiated into forma-
tional units.

The Tuscaloosa formation consists chiefly of arkosic sand,
generally coarse to gravelly, but contains subordinate amounts
of mottled clay and silt. In the Chattahoochee River valley
the formation is about 250 feet thick, but eastward the upper
part is overlapped by the BEutaw formation so that in Bibb
County only about 40 feet -of the Tuscaloosa formation is
exposed. East of the Ocmulgee River in Bibb County the
Tuscaloosa so closely resembles the overlapping Upper Cre-
taceous rocks that it could not be mapped separately. The
basal 80 feet, more or less, of the undifferentiated Cretaceous
rocks for many miles east of the Ocmulgee River appears to
be equivalent to the Tuscaloosa formation farther west.

The Eutaw formation in the Chattahoochee River valley
consists of a basal sand, generally coarse and containing
borings of Halymenites major, overlain by dark-gray, soft
shale interbedded with fine white sand that contains abun-.
dant thin fossil shells. The formation is about 125 feet thick
in the Chattahoochee Valley but it thins toward the east,
possibly in part by overlap, to about 75 feet in Marion County.
East of the Flint River the Eutaw formation cannot be dif-
ferentiated from the overlying Blufftown formation.

The Blufftown formation in the Chattahoochee Valley con-
sists of a basal unit of cross-bedded coarse sand about 150
feet thick, overlain by laminated, more or less sandy, car-
bonaceous, highly micaceous, fossiliferous clay about 260 feet
thick. The clay member in fresh exposures contains abun-
dant soft thin fossil shells. East of the Flint River the Bluff-
town cannot be differentiated from the underlying K Eutaw
formation or the overlying Cusseta sand, but as the combined
thickness of all three formations is less than 400 feet, it is
obvious-that the Blufftown portion is much thinner there
than in the Chattahoochee region.

The Cusseta sand in the bluffs along the Chattahoochee
River consists of glauconitic coarse- to fine-grained sand con-
taining abundant fossil shells. Only a few miles east of the
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river, upland exposures consist of coarse cross-bedded gravel-
ly sand containing white kaolinitic clay balls and having few
evidences of marine origin. Farther east, in Taylor County,
the formation contains lenses of kaolin, some of which are
of minable thickness. The Cusseta sand is about 185 feet
thick in the Chattahoochee region. It appears to maintain
about this thickness as far east as the Flint River, but farther
east it cannot be dlstmgulshed from the underlying Bluff—
town formation.

The Ripley formation rests conformably on the Cusseta
sand. In the western part of Georgia it consists of clayey
~ fine- to coarse-grained sand containing abundant fossil shells.
Toward the east it undergoes rapid facies changes but is
recognizable as a marine formation by the presence of glau-
conite, Halymenites major, and rippled bedding, at least as
far east as the Ocmulgee River. Farther east it cannot readily
be mapped separately from other Cretaceous formations, al-
though locally exposures of sand containing borings of Haly-
menites major suggest correlation with the Ripley. The forma-
tion is about 135 feet thick in the Chattahoochee River valley,
but is not more than 50 feet thick just west of the Ocmulgee
River.

The Providence sand, in bluffs along the Chattahoochee
River, consists of coarse to fine glauconitic very fossiliferous
sand, but in the type area a few miles east of the river in
Stewart County it consists of coarse cross-bedded sand con-
taining beds of white to variegated clay. The formation main-
tains this lithologic character toward the east except that
locally between the Flint and Ocmulgee Rivers it contains
thicker beds of more or less kaolinitic clay. Hast of the Oc-
mulgee River it cannot be éertainly recognized, although the
large commercial kaolin bodies are possibly in an eastern
extension of the Providence sand. The formation is about 165
feet thick in the Chattahoochee River region and about 125
feet thick in southeastern Marion County. From northwestern
Macon County eastward the formation is rapidly overlapped
by Tertiary rocks.

Structure

The triangular shape of the area of Cretaceous rocks of
western Georgia reflects the difference in strike and dip of
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GEOGRAPHY AND ARCHAEOLOGY OF GEORGIA 9

the rocks enclosing the Cretaceous. The top of the crystalline
rocks of the Piedmont Plateau, on which the Cretaceous rocks
were laid down, strikes more easterly and dips more steeply
than the rocks of Tertiary age overlying the Cretaceous. The
body of Upper Cretaceous rocks, therefore, increases in thick-
ness down the dip.

The surface of the crystalline rocks, on which the basal
Coastal Plain rocks lie, changes in strike gradually from N.
77° E. in the western-part of the State to N. 55° E. in the
eastern part (Figure 3). In Bibb County, halfway across the
State, it strikes N. 65° E., but between Macon and Augusta
it strikes about N. 55° E.

The southeastward dip of the top of the crystalline rock
basement increases in its outcrop area from 55 to 60 feet per
mile in the Chattahoochee River region to about 100 feet per
mile in southeastern Talbot County, 30 miles to the east
(Figure 3). It maintains this steep dip through Taylor and
Crawford Counties, but it averages only 70 to 80 feet per mile
in Bibb County.

A short distance down-dip from the outcrop, the top of the
crystalline rocks plunges more steeply toward the south. This
is shown by comparing the dip of that surface from the low-
est outcrops near Columbus to wells drilled for water in Fort
Benning and for oil farther south. In the bed of the Chatta-
hoochee at Columbus the top of the crystalline rocks is 185
feet above sea level. Herrick (personal communication) re-
ports the top of the crystalline rocks in a deep well at Edison,
65 miles in a down dip direction, 4,912 feet below sea level
(Figure 4). In 65 miles, therefore, the surface drops 5,097
feet in altitude, and the average dip is 78 feet to the mile.

This steep southerly dip in down-dip areas, however, be-
comes more gentle toward the east. Just west of the Ocmul-
gee River the slope of the crystalline surface averages 69
feet per mile between the outcrop and oil test wells 4 miles
south of Perry in Houston County (Figure 5). In Washing-
ton County, still farther east, LaMoreaux (1946, p. 40) found
that the crystalline surface slopes only about 55 feet per mile
on an average between 5 wells drilled for water near Sanders-
ville. Data in his report, however, indicate a dip of a little
less than 35 feet per mile between these wells and the surface
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12 SHORT CONTRIBUTIONS TO THE GEOLOGY,

outcrop near Carrs Station, almost directly up the dip.

The dip on the top of the crystalline rocks is greater than
that of the overlying Coastal Plain beds of the outecrop. In
the Chattahoochee region, for example, where the dip on the
surface of the crystalline rocks is 55 feet or more to the mile,
the dip on the top of the Tuscaloosa formation is only about
40 feet (Figure 6). The thickness of the Tuscaloosa forma-
tion thus increases at a rate of about 15 feet per mile in a
down-dip direction.

Projection of surface dips into the subsurface and the data
from wells show a sharply increasing interval from the top
of the Tuscaloosa to crystalline rocks in a down-dip direction.
This expanding interval is partly due to an angular uncon-
formity which exists at the top of the pre-Tuscaloosa rocks in
the subsurface. These rocks apparently wedge out before
they reach the surface in this area. Part of the sharply in-
creasing section of Cretaceous rocks to the south is considered
by oil geologists to be Early Cretaceous in age. No definite
evidence of rocks of that age was found on the surface, al-
though some of the basal Coastal Plain rocks resemble the
Vick formation of western Alabama, described by Conant
(1946).

In eastern Alabama, Triassic sediments below beds of Cre-
taceous age have been reported by Applin and Applin (1947).
It is very likely, therefore, that Lower Cretaceous and even
lower Mesozoic rocks in places occupy the interval between
pre-Mesozoic crystalline rocks and the Upper Cretaceous
strata (Applin 1951).

The dip on top of the Tuscaloosa formation varies from .
about 40 feet per mile to the southeast in the Chattahoochee
Valley to about 33 feet per mile in Taylor County and about
32 feet per mile in Crawford County. Beyond that area little
information was obtained on the dip of the top of the Tusca-
loosa, but from the outcrop pattern east of the Ocmulgee
River that approximate dip appears to persist to the east. The
strike of the Tuscaloosa in the Chattahoochee Valley is about
N. 85° E., but in the eastern end of Chattahoochee County
it bends to a slightly more northerly direction, about N. 70°
E., which it maintains with minor variations at least as far
east as the Flint River.
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The structure of the top of the Eutaw formation (Figure 7)
seems movre irregular and it was less satisfactorily traced than
any other Cretaceous horizon. This is partly because the
Blufftown and Eutaw contact could not be traced definitely
farther east than north-central Macon County. In the area in
which it is traceable, however, it seems to maintain a strike
of about N. 75° E.

The top of the Blufftown formation in the Chattahoochee
Valley strikes approximately N. 67° E. (Figure 6), with minor
variations, and maintains that strike as far as Flint River. It
dips on the average a little more than 30 feet per mile to the
southeast.

Structural data were not obtained on top of the Cusseta
sand near the Chattahoochee River owing to lack of ex-
posures, but from eastern Chattahoochee County to the vi-
cinity of Flint River the top of the Cusseta maintains a strike
of about N. 60° E. and a dip of 80 or 85 feet per mile toward
the southeast.

The top of the Ripley formation, which in the vicinity of
the Chattahoochee River seems to be about N. 75° E., main-
tains a strike of about N. 60° E. throughout most of western
Georgia. Reliable control, however, is lacking over a large
area:.

The base of the Tertiary rocks (the top of the Providence
sand in Stewart County) trends about N. 75° E., but in the
extreme eastern part of Stewart County it bends more strong-
ly northeast to about N. 55° E. In western Macon County,
however, the Tertiary rocks bend even more strongly north-
erly to about N. 50° E. and in southern Crawford and western
Peach Counties overlap the Providence sand completely. Be-
cause of the deep erosion of creeks in eastern Peach and
Houston Counties, the Providence is exposed as inliers in
those counties down the dip from the cuesta front of the
Tertiary rocks. The Cretaceous rocks are not differentiated
east of the Ocmulgee River, and definite structure on indi-
vidual horizons, therefore, has not been obtained. Recon-
naissance observations east of the river, however, indicate
that the dip of the surface of the crystalline rocks beneath
the Cretaceous is approximately the same as in the vicinity
of Macon or slightly less, and the strike approximately in the
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same direction as in the vicinity of Macon. The Cretaceous
rocks are completely overlapped by the Tertiary rocks on up-
dip interstream areas as close as 12 miles east of the Ocmul-
gee River. Down the dip the Cretaceous crops out, therefore,
only on the flanks and in the bottoms of the valleys, below
the level of the interstream upland of Tertiary rocks. This
‘condition prevails throughout eastern Georgia and western
South Carolina, but in eastern South Carolina the great Caro-
lina anticline takes the top of the Cretaceous out to the At-
lantic Ocean.

In eastern Georgia and western South Carolina in the area
of Tertiary overlap there is considerable evidence that a
broad ridge of crystalline rocks exists beneath the Coastal
Plain sediments. This may have been one of the contributing
causes of the Tertiary overlap, the lower formations of the
Cretaceous pinching out, or being pushed south by this ridge,
and the later Cretaceous and Tertiary rocks finally covering
the ridge.

Significant Results of the Survey, and
Recommendations for Future Study

- Some of the more significant results of this survey are:

1. In the Chattahoochee Valley the formations comprise
generally one or more cycles, each cycle consisting of a basal
bed of coarse clastics that grades upward into silt and clay,
which are generally calcareous and highly fossiliferous. These
cyclic deposits have been traced to the east, but east of the
area of deeper-water marine rocks, coarse clastics predomi-
nate and clay beds form a minor part of each cycle.

2. The kaolin-bearing rocks of central Georgia are defi-
nitely post-Tuscaloosa and probably of the age of the Selma
group of Alabama. The evidence, however does not rule out
the possibility that they are of Tertiary age. The possibility
of Selma age is indicated by :

(a) Structural trends of Upper Cretaceous rocks in west-
central Georgia, the lower beds striking nearly east
to slightly northeast, whereas higher beds strike more
strongly northeast. Structural data more specifically

- indicate that the clay-producing beds may be of Provi-
dence and perhaps Ripley age. White clays are found
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extensively in west-central Georgia in beds that are
definitely of Providence age. They are, however, also
found in older formations; clays of commercial quality
and quantity, in which the mines farthest west were
located at the time of the survey, and are in the Cus-
seta sand (originally assigned to the Tuscaloosa for-
mation) just west of Butler, Taylor County (Smith,
1929).

(b) Recognition of marine borings east of the Ocmulgee
River in beds in line with the marine Ripley formation
west of the Ocmulgee, and in beds believed to be be-
low the clay-producing beds. The borings were not
definitely found in the clay-producing areas.

(¢) Plant fossils found by Stephenson (reported by La-
Moreaux, 1946a, pp. 6-7), just below the clay lenses
in the clay-producing areas in east-central Georgia
that appear to Roland W. Brown to be the same as
those found by E. W. Berry (1919) in the Coffee sand
of Selma age in Tennessee.

3. The tilting of the Coastal Plain in west-central Georgia,
causing the strike of the beds to trend more strongly north-
east, began early in Late Cretaceous time, about the end of
the Tuscaloosa deposition. This change of strike became more
northerly in early Tertiary time, and formations of this age
completely overlap the Cretaceous in central and eastern .
Georgia and lie on the crystalline rocks; in fact, younger
Tertiary formations overlap older ones. The beginning of
this movement, therefore, coincides with the change from
continental to marine deposition.

4. White clay deposits are found in formations that are
marine, although they may not contain definite evidence of
marine conditions in the areas of clay production. Definite
evidence of marine origin is found in the Providence sand in
western Georgia and in the Cusseta sand in west-central
Georgia. Rocks that contain marine borings or even fossils
have minable kaolin beds 20 to 30 miles away. Thus it ap-
pears that if the sedimentary kaolins were not laid down
under marine conditions, the sea was not far away.

This study, although it is of a semi-reconnaissance nature,
and therefore may be considered only preliminary, has added
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the above facts to those already known about the Cretaceous
rocks of western Georgia, but it leaves several important
questions unanswered. It points to areas that should be
searched and to the questions that may be answered there.
Studies that may be made in each section of the State are:

1. Western Georgia:

(a) This region of excellent outcrops and prolific fos-
sils is a fertile field for detailed paleontologic studies.
Most of the fossils, however, are very delicate thin-
shelled mollusks and may require special techniques in
collecting and preparing.

(b) Studies of facies changes, which are very profound
within short distances, would give valuable information
on the geologic history of the region.

2. West-central Georgia:

(a) Where beds of Jackson age overlap the lower Ter-
tiary and the Cretaceous rocks, stratigraphic work will
have to be done by subsurface methods and in greater
detail than in the past. Herrick and his colleagues have
begun such studies, and the publication of some of the
results of their work is eagerly anticipated.

(b) Formations should be traced from the surface and
the shallow wells down the dip to the areas that are
being explored for oil.

3. Central Georgia:

(a) The plant materials associated with the clays
should be studied more carefully and compared with
those of the Chattahoochee region and farther west.
Such material might be obtained from borings and cores
made by mining companies active in the region.

(b) A study of the Tuscaloosa formation, both in sur-
face and subsurface, should be attempted. Criteria may
be found to distinguish it from other Cretaceous for-
mations.

4. Rastern Georgia and South Ca_rolina:

The Cretaceous should be searched for traceable beds.
The Tuscaloosa formation in several wells in southeast-
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ern Georgia and in southern South Carolina has been
definitely described; and an effort should be made to
trace the formation and its recognizable units north-
ward from these wells. At least a part of the answer
may be found in eastern South Carolina and in North
Carolina along the great anticline that apparently
brings up the lower formations of the Upper Cretaceous.
The scarcity of good outcrops in eastern South Carolina
and the cover of Pleistocene and Tertiary formations.
make this an extremely difficult task, but subsurface
materials from that area should be systematically col-
lected and studied.

In addition to the stratigraphic and paleontologic studies
suggested above, significant contributions could be made by
more detailed studies of the structure than was undertaken
during this reconnaissance survey. The structure of horizons
traceable on the surface should be definitely tied to that of
the same horizons in the subsurface. Much information can
be obtained from carefully logging the deeper wells drilled
for water in the upper part of the Tertiary area of Georgia,
and correlating the strata with those in wells drilled for oil
farther down the dip.

The beds and horizons believed to be most useful for trac-
ing structure on the surface and in the up-dip subsurface are
the following: (1) the top of the crystalline rocks, (2) the up-
dip limit of lower Mesozoic rocks, of Early Cretaceous beds,
and of the marine Tuscaloosa beds, (3) several horizons with-
in the Upper Cretaceous, and (4) the base of, and zones
within, the Tertiary rocks.
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A PRELIMINARY INVESTIGATION OF THE
GEOLOGY OF CLARKE COUNTY, GEORGIA*

ELDON J. PARIZEK

University of Georgia

INTRODUCTION

In the summer of 1950, a geologic reconnaissance of Clarke
County, Georgia, was made. Purpose of the investigation was
to establish the general distributions of major exposed rock
units, and to obtain information bearing directly upon their
field relationships. Detailed field study was not undertaken,
but a generalized areal lithologic map was completed, and
several problems meriting further investigation were revealed.
Work was retarded immeasurably because Clarke County is

- not topographically mapped.

PHYSIOGRAPHY

Clarke County, the smallest county in Georgia, is roughly
quadrilateral in outline, and includes an area of 125 square
miles. It is located in the Central Upland division of the Ap-
palachian Piedmont (Figure 1). In a physiographic delinea-
tion of the Central Upland La Forge placed Clarke County
in portions of two subdivisions, a northern Midland Slope, and
a southern Washington Plateau (Figure 2). It should be
noted that the boundary between the two subdivisions is in-
definite, and scarcely determinable in the field.

The county is characterized by a gentle, southeast-sloping
upland that has been effectually furrowed by streams. Be-
cause of limited latitudinal extent very little decrease in up-
land elevations is noticeable. Maximum relief approaches 350
feet, but the average is considerably less. The Oconee River
flows southeast through the area and forms the major drain-
age artery for Clarke County and several neighboring coun-
ties. Tributaries have combined with the Oconee to isolate
the uplands and give the region a somewhat uneven topog-
raphy. A combination of humid climate and rocks that are
moderately susceptible to weathering has resulted in forma-
tion of a prominent mantle. Uplands and steeper slopes have

*Read at the Meeting of the Georgia Academy of Science, University of’
Georgia, April 27, 1951,



22

SHORT CONTRIBUTIONS TO THE GEOLOGY,

LOOKOUT
- .PLATEAU

HIGHLAND

™
W
~
~
<
S

Go.

-GLARKE
| CENTRAL
\ .

UPLAND

C OASTA AL

PLAIN

Figure 1. Major Topographic Divisions of Georgia.




GEOGRAPHY AND ARCHAEOLOGY OF GEORGIA 23
N {VON RTINS
\ RIS
\\\\\\\ W k\\\\\ \\\\\\\ \\\\ \\\\ \\\\\\\\\\\ \\\\\ \\\\\\\\\\\\\\\\\\\ N
) RN \\“\\\\\ \‘\‘\‘\'\\‘\ SN Wy \\\\\\\\\\\‘\\\\‘ N
\ \\\\\\\‘\\ L \\FR KLIN\\ \\\\\\\)\\\\ M
. AAEATENIA \\\\\\\\\ Wi \\\\\\\\ \ \\\\\}\ \\\I\'iART\\\\\ W\
AN \\\ UREAALREERAR W URERRY SAREEVARAY \\\\\\\\\
\ Mg \\ \\\ ATCIRANRS \\\\\\\\\\\\‘ Wiy ANRSY Vo \\\\\\\\
\ Wy gy \\\\\\\\‘\\\ ARSARARY WA \\\\\\\\ MW
\ Wy AN KRNFUATIRIRE \\\\\\\\\\\ ¢y \‘\\ KVAREISARSANY R
. N BANK s‘ \/\\\\\\*\*eﬁ‘\\\a{‘)\f\\\\\‘ \\\\\\\Q\\\ Wk
\ \\\‘\:\\\;\\ \\\\ \é\\\\\\\\\\\ \\\\\\\:\\\\ o W k*\*\_(\\ \4\
‘ WY \ VAT W \\ ATARNRRY
\ LN \\\:\\\\\\:\\:\\\\\\\\\\\\\i\\\ ‘\‘\\ AN \\:\“ )
A
\ CALE AUAVREALEN ERARIRURRVRNA \\\\\\\\ N ELBERT W
SCAL \\\\\ \ \\\\\ \\\\‘ \\\\\\\\ REAARRN AR VY
\ \ \ A \ \ \
4 0 4 2 NSNS \:\\\\\\\MADISON\\\‘\\\\\\\\\\*\“\\\“ AN
K Cocs——r——— \ \\\\\ \\ AR \\\\m\ NIRRT \\\\\\\
OORIATLREEAREY AR TRV SASARERNA RN AN My RURITIEA
3 MILES \\\\\\\\\\\\\)\\\\\\\\\ \\\\\ SATIGES O N \\:\\\\
\§ OANLICUREN Nawnany \\\\ Q \\\g\\\\\\\\\\\\\\\ \ t\\\\\\ WY R \\ \\\\\\\\\
\\\\\\\ \\\\\\\\\\\\\\\ \Y \\\\ \\\ vy \\\\ \\\\\ \\\:\\ \\\\ \\\\\\\\ \/ \\‘\ \\\\\\ \\\\ N \\\\\
\\1\\\\\\ \\} "\\\\\ \\\\\ » \‘\Q\\J%CKSON ‘\\& O \\\\\ \\ \\\\ PR \\\\\t\\\\\\\\;\»'\‘(\;\\\\\
ARPEWIRAN \ RANY A \\ \
\\\\\\\\\\\\\\ \\\\\\\\\\\\ \ \\\\\\\\\\ Wb \\\\\\\\\\ \ \\ 2K \\\\\\\ \\\\‘\\\ AN
:\\:\\\\\.\\\\\\\ \ \\\\ \\\\\\ \\\\X\\ %\\‘\\\\\ \\\\\\\ N\ ’h(\ \\\\\\ TR
\\\.BA‘ \\\\\\‘\ R \\\ \ \K\\\\.\‘\\ \ \\\ \\‘ \ \\\\\\\\\\\\\:\\ \\\\
ARIRRRARCEAARN R \\\\‘\\\ aat CLARKE‘\‘ \ NN o
AR ‘\\\\‘ W T MY RIUER RN
A A \\\\\\\\ V((\\ M \\ . \$ N \\\\\\\\\ )
\ . \ \
PANA Y \\:(\\\\\\\\ \\\\\\ W\ \\\ \ ‘\\\\\ NN
W \ﬂ,,,\;\\\ \\\\ \\\\\\\\\\\\\\ ..\\\\\\ NN
WY \\\\\\\\\ »,.a,‘ \\\\\\\\\\ R
ALERURIEUARRRN \\\\ \\\\\\\ v\\'\\\\\\\\\.‘_ '
LT PURTUARIRUL SRR LAY
LA Y
AR Wi
\\\\W\A
AR \
W
AN
Ny
R\
\\\\\\\\
\_\\\ AMAMY
W ¥
)
W
WY
W\
‘\.\.\\\\\
NEWTON,
\\\\\\\\\
QMY
\\\\\\
\\\\\\ . PONSS
A\ ARNRENAR AN

Figure 2. Topographic Divisions in the Central

Province of Georgia.

Upland



24 SHORT CONTRIBUTIONS TO THE GEOLOGY,

thin soils and are comparatively free of forest growth, while
lowlands have a thicker mantle and are often heavily wooded.

"GEOLOGY

Field work has disclosed, with limited detail, the outlines
of a partially exposed discordant granite body (Figure 3).
Areal extent and field relations of the granite suggest that
it is part of a plutonic mass with dimensions comparable to a
‘batholith, The Carolina schists form the country rock in
Clarke County. They are metamorphosed beds of unknown
but probable Pre-Cambrian age. Other rock units occur near
the contact between granite and schists: (1) a deep reddish-
brown, highly distorted garnet-bearing, mica-schist (‘‘Caro-
lina contact-phase”), (2) migmatite roeks, resulting from
magma injections into layered older rocks and perhaps par-
tial replacement of older rocks by igneous solutions, and (3)
medium to coarse® grained gneissoid granites, displaying
strongly developed primary flow structures.

The granite is for the most part massive, medium to coarse-
grained, and occasionally porphyritic. Some fine-grained
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granites are present in smaller masses. Principal minerals
are quartz, perthite, orthoclase, soda plagioclase, muscovite
and biotite. Recognized accessories are zircon, monazite,
tourmaline, rutile and magnetite.
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The granite is light to dark gray when fresh, but weathers
to a light brown and shows a marked decrease in hardness;
kaolinization of the feldspars is very common in surface ex-
posures. Chemical and mechanical weathering are both ac-
tive and as a result a considerable regolith has formed. Sur-
ficial material is thickest above granite in the valleys, and
thinnest on steep slopes and uplands. Moisture penetrates
bed rock easier in the valleys so that decomposition occurs
more rapidly than decomposed rock can be removed.

Bare or sparsely covered granite exposures often show
sheeting, with individual layers usually less than 6 inches
thick. Penetration of water along the separation planes has
assisted in the formation of saprolite horizons.

Most of the uneven topography in Clarke County is in the
area of granitic exposures.

Figure 4. Typical exposure of ‘‘contact-phase’ rock along
Highway 78, 11, miles southeast of Athens, Georgia.



26 SHORT CONTRIBUTIONS TO THE GEOLOGY,

The Carolina series is composed of buff to red-brown mica-
ceous quartzose schists and gneisses. It is probable that por-
tions of the series were originally igneous rocks, whereas
others were certainly sedimentary. The rocks are thin-bedded
and schistose, and are separated in places by discontinuous
mica layers. In addition, interlayered thin quartz seams of
fine aggregate are present. Quartz, feldspars and micas com-
prise the major minerals. The beds are often closely folded
and show confirmation of uniform slipping throughout the
mass.

An irregular thickness of rock occurs at and near the con-
tact of granite and Carolina schist. It is part of the Carolina
series, but with an aspect so distinctive that it has been used
in places for contact mapping. It is tentatively called ‘“Caro-
lina contact-phase”. (Figure 4). The rock is mostly reddish-
brown, intensely sheared, crushed and folded. Garnets, prob-
ably almandite, lie along the shearing surfaces. Quartz veins,
a few inches to more than a foot wide, both terminate within
and pass through the “contact-phase’”. In some areas the only
visible proof of contact determination are quartz fragments

Figure 5. Massive migmatite in a fresh cut along U. S.
Highway 29, 11, miles south of Athens, Georgia.
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and boulders lying on the surface.

Migmatite rocks are exposed near the contact zone in many
places throughout Clarke County. They were formed from
intrusive magmas that penetrated certain layers of earlier
gneisses and schists. (Figure 5). Comprising the migmatites
are bands of light-colored, medium to coarse-grained gran-
ites that alternate with dark hornblende-biotite layers. Ptyg-
matic folds and a well developed book to ribbon structure
are common in the migmatite exposures.

Gneissoid granites with flow patterns dominate portions of
certain exposures. These rocks were not separated from the
granites on the Areal Map of Clarke County (Figure 3), be-
cause of close genetic relation and the gradations between
the two. Gneissoid rocks are best developed near the granite
margins. Inclusions and prismatic minerals comprise for the
most part the directional properties of the gneissoid granites,
and they serve as the basis for consideration of these rocks
as the result of primary flow.

Figure 6. Pegmatite in granite exposed along the Oconee
River, one mile south of Athens, Georgia.
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PEGMATITES

Numerous pegmatites of coarsely-crystalline orthoclase, al-
bite, quartz and muscovite penetrate the contact aureole of
the granite. They form dikes, sheets, vein networks and ir-
regular masses (Figure 6). Some pegmatites were injected
along fractures in the periphery of the earlier consolidated
granite body; others invaded schistose and fissile rocks with
dike-like and lit-par-lit design. Several areas were soaked to
a small degree by pegmatitic fluids and gases. The areas are
now exposed as gray-buff masses that contrast with nearby
reddish-brown schists.

INCLUSIONS

Structures genetically related to the country rock are ex-
posed in the contact granite. Properly they should be desig-
nated as “inclusions”’, though field criteria suggest many may
well be “sedimentary zenoliths” (Figure 7).

The inclusions possess variable shapes and sizes, although

Figure 7. Inclusion embedded in granite in Clarke County,
Georgia. The hammer lies parallel to bedding planes and the
long direction of the fragment.
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the majority are rectangular. Some show a positive orienta-
tion directed by flow of the host magma. Magmatic reactions
and additions have not masked the sedimentary appearance
of some.

In several areas of granitic exposures, arcuate trends in the
alignment of inclusions can be observed (Figure 8). Else-
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where the long axes of inclusions generally strike uni-direc-
tional, most often roughly north-south.

Chemical analyses have not been made of the inclusions,
but in some cases field and laboratory study indicates a min-
eral composition similar to the host granite. This is logical
and expected as shown by Bowen’s studies of the physical
chemistry of magma inclusions, as well as descriptions of in-
clusions from many district. Inclusions in granite rocks
could have igneous compositions, with the exception of those
incorporated at so late a period that sufficient time did not
remain for reaction to occur.
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Sharp contacts are notable in many instances, but interlock-
ing and gradational contacts between inclusion and host ma-
terial are also apparent. Many inclusions show Dbiotite-rich
zones with mica plates oriented parallel with the long direc-
tion of the fragment.

Occasional small lumps, interpreted as segregations, occur
in the granite. Although flow structures do not exist in these
masses, they do show a mineral composition similar to that of
the granite. Segregations are not common in granite rocks,
and the lumps may well be additional inclusiouns.

DIKES

Basic dikes crop out in Clarke County. For the most part,
they are uniform in appearance, composition, and steepness
of dip. Dikes considered similar in genesis and age have been
described from the Piedmont of Georgia and isolated locali-
ties from Virginia to Florida. In Georgia the period of dike
formation cannot be determined. Elsewhere, stratigraphic
relationships suggest the dikes to be possibly late Triassic in
age. In Clarke County the dikes are regularly dark in color,
fine to medium-grained and very resistant. Calcic plagioclase,
pyroxenes, and amphiboles comprise their mineral composi-
tion. Fresh dike materials are extremely hard and massive,
but weathering causes a concentric peeling or exfoliation and
a prominent iron oxide coating. The presence of a dike is
suggested frequently by blocks and fragments of basic igneous
material scattered on the surface.

STRUCTURAL GEOLOGY

Little attempt was made during the reconnaissance to ob-
" tain information relevant to the general structural pattern.
Most of Clarke County is underlain by rocks so intricately
crushed, folded, and metamorphosed that considerable de-
tailed work must be completed before positive statements can
be presented.

The country rock possesses a schistosfty primarily parallel
to bedding planes. Slippage has been pronounced along the
planes as stresses were adjusted or relieved easier in such
directions.

In the contact zone, the dips of bedding and schistosity

¢
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have been disturbed by the intrusion, but away from contact
areas the dips of the country rock vary from 25° - 70°, in a
southerly direction.

Tension joints are common in the granite, usually striking
normal to any linear structure. The joints vary in size, some
being but a few inches in length and others traceable for
tens of feet along their strike. Dips of joint planes range
from 85° - 90°. Drag folds, with fold axes striking north to
northeast, are often prominent in schistose exposure. Rock
cleavages are locally well developed in the Carolina series.

AGE

The age of rock units in Clarke County is indefinite. In the
writer’s opinion the proposed Pre-Cambrian age for the Caro-
lina series is valid, and unless contrary evidence can be shown,
it should be accepted. Field work has indicated that any sug-
gestion at this time with respect to the period of granitic in-
trusion is not warranted.

SUMMARY

In summary, five rock units, granite, Carolina series, mig-
matite, gneissoid granite and “Carolina contact-phase” com-
prise the bedrock of Clarke County. The igneous material is
part of a large, partially-exposed pluton that forms the most
" significant geologic feature in the area. Pegmatites, inclu-
sions and dikes are abundantly present. The stuctural rela-
tions and age of rock units are indefinitely known at this
time. Classification may be possible in the future and addi-
tional field investigation is projected for this purpose.
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COMMENTS ON THE GEOLOGY OF THE ELLIJAY
QUADRANGLE GEORGIA-NORTH CAROLINA—
TENNESSEE*

A. S. FURCRON

Georgia Geological Survey

GENERAL DISCUSSION

The Ellijay folio is the first important study in areal geol-
ogy to be published upon the crystalline rocks of Georgia.
The geology of this area was done by Laurence LaForge after
Hayes had worked (but did not publish) upon the more
western and southwestern Georgia crystallines; it is later
than the work of Arthur Keith, which is just northeast of this
distriet in North Carolina (1907, and unpublished Murphy

" folio). LaForge followed the classification of Keith. The
small scale of the map is totally inadequate for portrayal of
the geology of the Murphy series; nevertheless, his delinea-
tion of formations and localization of structural features stand
up well under the test of time.

, LaFofge divided the metasediments into two great divisions,
~the oldest, regarded as “Archean’ and referred to as “Caro-
lina gneiss’’, composes about half of the quadrangle, cropping
out in its eastern and southeastern parts. Over this complex
are his sedimentary schists and gneisses referred to as the
“Great Smoky formation” of Lower-Cambrian age. Upon this
formation rests a synclinal belt of rocks generally referred to
as the Murphy series, which Keith regarded as younger
Lower-Cambrian. LaForge discovered fewer units of the Mur-
phy series on this quadrangle than were recognized to the
northeast by Keith. The formations above the Great Smoky
formation, described on the Ellijay folio, are from older to
younger: the black Nantahala slate, white Tusquitee quartzite,
“ottrelite” schist and slate known as Brasstown schist, Valley-
town formation—chiefly slate and _phyllite, the Murphy mar-
ble, and Nottely quartzite. LaForge pointed out (1913, p. 5)
that the distinction between the Great Smoky formation and
the Carolina gneiss is a more or less arbitrary one based upon

*Read before the Southeastern Section of the Geological Society of America
and Southeastern Mineral Symposium, Vanderbilt University, April 2,
19583.
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theoretical grounds. In practice, he seems to have drawn the
boundary east of the Murphy series, connecting up points
where granites begin to appear in the paragneisses. Granites
have not been noted west of the Murphy series on this quad-
rangle and it is probable that the general increase in graniti-
zation eastward encouraged the view of that day that the
more eastern metasediments must be older. Work in recent
years by this writer has discovered no proof thus far of an
old shield or ancient complex pre-Cambrian basement to the
southeast in Georgia.
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The hornblende gneisses were regarded as of igneous origin
—Roan gneiss (Keith 1907, LaForge 1913), and it is true
that they are much more abundant locally east of the Murphy
belt, but they are quite common in gneisses west of that belt
on this quadrangle, where they were not mapped on the Elli-
jay folio; irrespective of their origin, they have not been of
much assistance thus far in an age or sequence classification
for the crystallines, possibly because their varying petrology
‘has not been studied or connected with the stratigraphy of
the crystalline area. Their study may be related to the pseu-
dodiorite problem.

The. classification of rocks proposed here is offered as a
tentative one, based upon reconnaissance; thus, it is expected
that later work will modify the views here expressed. Mr.
Vernon J. Hurst will begin a detailed study of these rocks in
Georgia, south of Copper Hill, this summer. He will use the
Epworth and Mineral Bluff quadrangles as base for a thesis
at Johns Hopkins University. The work will be sponsored by
the Georgia Geological Survey. ’

As may be seen from the submitted outcrop map, rocks be-
neath the Murphy series are all regarded here as part of a
great pre-Cambrian series which crops out west eand east of
the limits of this quadrangle.

SEQUENCES RECOGNIZED
Sequence I*

These rocks are mapped in the northeast and northwest
parts of the quadrangle and thus far it has not been possible
to correlate the two occurrences stratigraphically; thus, they
may not represent rocks of the same age. The northwestern
occurrence represents rather low rank metamorphism up to
the isograd of biotite ; but in the northeast corner of the quad-
rangle these rocks are the most metamorphosed of the dis-
trict, containing abundant kyanite and sillimanite. The north-

*Because the rocks here discussed constitute but a small part of our
crystalline area, numbers here given to sequences are intended to apply
only to the Ellijay quadrangle.
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western rocks are dark slates interlayered with granulite™*
(generally fine-grained). In the upper part of that sequence,
dark slates become rare and there is gradation upward into
Sequence II. Deeply weathered bands of hornblende gneiss,
interlayered with slates and granulites are characteristic of
this transition zone.

The northeastern facies consists of mica schists, garnet-mica
schist, biotite granulite, graphite, sillimanite, and kyanite
schists. Pseudodiorite beds are prominent locally. The rocks
are locally granitized and numerous pegmatites and small
granite bodies have been mapped (LaForge, 1913). On the
Ellijay folio these northeastern rocks are classified as Caro-
lina gneiss, the northwestern ones are regarded as a part of
the undifferentiated Great Smoky formation.

Sequence Il

This sequence directly underlies the Murphy series. West
of that series on the Ellijay folio, it was considered as a part
of the Great Smoky formation, and a narrow belt of it was
mapped east of the series to conform to the interpretation
of the times. The occurrence of conglomerates suggested at
that time a Cambrian age; thus an area of such rocks east of
the Murphy belt was mapped by LaForge as a synclinal Lower
Cambrian remnant over the “Carolina series”. Most of the
rocks cropping out east of the Murphy series, here referred to
as Sequence II, LaForge regarded as belonging to the Caro-
lina gneiss. These rocks are characteristically fine-grained
metasedimentary biotite gneisses or granulites, mica schists,
garnet-mica schist, staurolite gneiss, kyanite schist, with abun-
dant beds of pseudodiorite of varying composition. Granite
intrusions come into the sequence and become more abundant
eastward, but only narrow bands and small lens-like bodies
have been observed on this quadrangle.

Sequence I

This sequence is shown in the southeastern corner of the
quadrangle, and was classified as Carolina gneiss on the Elli-

**The Scotch geologists have found this term wuseful for a similar, wide-
spread variety of paragneiss. As here used, the rock is medium to fine-
grained, equigranular biotite gneiss with feldspars ranging between
oligoclase and andesine, and potash feldspar usually present; beds range
from a few inches to several feet in thickness. With decrease of feldspar
and increase of muscovite the rock becomes a mica schist, and with
decrease in mica and feldspar the layers may be classified as quartzites.
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.jay folio. The rocks are massive beds of fine-grained granu-
lites, and massive biotite quartzite interlayered with mica
schists; hornblende gneisses are locally abundant. Pseudo-
diorite is generally unimportant. Aplite stringers and bands,
and some pegmatites invade these rocks (Furcron and Tea-
gue, 1943), but igenous intrusions of mappable size do not
occur.
Murphy Series

This series is discussed in detail on the Ellijay folio, and in
other reports (Keith, 1907, Bayley, 1928, Van Horn, 1948) ;
it thus will not bé described in this brief statement. The Nan-
tahala slate uniformly composes the basal formation, and the
Valleytown formation or rocks, so mapped, is the most promi-
nent formation of the series. There are two belts of marble on
the quadrangle, both mapped as Murphy marble on the folio.
The westernmost belt is associated with “Nottely” quartzite,
and is the belt within which pure white tale oceurs in North
Carolina and Georgia. The quartzite formation is persistent
and occurs near marble or white talc; it has been observed
by the writer as far southwest as Whitestone and by Teague
and Furcron west of Ball Ground on the Tate quadrangle
where it follows this western marble belt of the series. Less
is known about the stratigraphy of the marble of the eastern
belt, or marble bodies which occur in schist or phyllite not
associated with quartzite. In the opinion of the writer, the
position of these marbles in the series is not well established
because some crop out as if they were marble beds in Valley-
town slates. However, marble associated with pure white tale
and the marble at Whitestone, Georgia seem to belong to the
“Nottely” quartzite belt. At Whitestone, the “Nottely”
quartzite bed lies between the dolomite and a lower high-
calcium marble.

Two of the most important facts to be determined about
the Murphy series are its structure and its relation to under-
lying crystalline rocks. The series is synclinal and thrust-
faulted, as indicated by LaForge. Where the presence of
faulting can be discounted, these rocks seem to lie conform-
ably upon beds of underlying paragneisses in many places,
particularly along their western contact from the North Caro-
lina line nearly to Ellijay; but where these rocks are traced
for distances southwest of Ellijay, the composition of the base-
- ment rock changes; thus, unconformity is suggested. Locally,
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the Nantahala overlies a coarse conglomerate at its base. This
conglomerate can be seen on both sides of the syncline at
Ellijay and has been traced southward by the writer to the
vicinity of Talking Rock; and fragments of Nantahala slate
are found in the conglomerate.

Geologic Age: TFirst of all, the synclinal position of the
series indicates that it is younger than the underlying rocks.
Also, its composition and metamorphic grade indicate a
younger age. The series differs markedly in composition
from the Great Smoky of LaForge, resembling Paleozoic rocks
of the Great Valley, a point stressed by Keith and LaForge;
however, the oldest Paleozoic rocks upon any given terrane
are not necessarily Cambrian. The series is mostly a basal
dark slate formation (Nantahala) with overlying phyllites
which contain garnet and staurolite porphyroblasts. Because
of complex structure, more highly metamorphosed rocks very
likely have been included in past mapping with this series
locally, both north and south of this quadrangle. The under-
lying metasediments to the west contain kyanite, and those to
the east of the series on this quadrangle are characterized by
kyanite and sillimanite. Pseudodiorite is common to all of the
metasediments of the quadrangle except those of the Murphy
syncline where it is absent but has been rarely discovered in
the Nantahala formation.

Lithologic variations at the base of the series, for example,
the conglomerates which occur on the Ellijay sheet, suggest
an unconformity. It seems likely that some of the dark slates
mapped as Nantahala on the Nantahala folio (Keith, 1907)
are really dark slates in his Great Smoky series. If this be
the case, the Murphy series in that section may be underlaid
by rocks which differ in stratigraphic position from those
beneath it on the Ellijay sheet. Stose and Stose write that the
Nottely quartzite associated with the Murphy marble does not
resemble Ocoee quartzite but is clean, white to blue quartzite,
resembling those of established Paleozoic age.

The writer has traced the Murphy series southward from
this quadrangle through the Allatoona area where the belt is
narrow but not cut out by thrusting, and is continuous into
Alabama. Southwest of Allatoona in Bartow County it is a
wide belt, becomes less metamorphosed, loses its porphy-
roblasts, and lies directly against the Cartersville fault, where
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it composes what is referred to as undifferentiated Talledega
upon the present State geologic map of Georgia. There, its
difference in composition and metamorphism from other more
crystalline rocks, and its juxtaposition to established Paleo-
zoic rocks suggest a Paleozoic age for it in Georgia. At the
Georgia-Alabama State line, the Murphy series corresponds
exactly with the Talladega slates as mapped upon the geologic
map of Alabama (1926), where portions of that series are
known to contain Paleozoic fossils. Thus it would appear that
if there is no prominent unconformity under the Murphy se-
ries, the Great Smoky formation and the other crystalline
rocks of the quadrangle are Paleozoic in age. If this series is
Paleozoic and unconformable upon underlying rocks, the struc-
tural theory tentatively proposed in this paper is strengthened,
because absence of Murphy rocks under the latest pre-Cam-
brian sequence of the Blue Ridge synclinorium would be ex-
pected.

In conclusion, the Murphy series seems to represent a Pale-
ozoic sequence preserved by folding and by thrust faulting,
pitching out in North Carolina near Hewetts, and narrowed
to the southwest in places where it is overthrusted; it becomes
a wide belt, only slightly metamorphosed southwest of Alla-
toona, Georgia, to merge with the Talledega series of Ala-
bama. (Alabama Geol. Survey, 1926).

Continued discovery of Paleozoic rocks by drilling under
the Georgia Coastal Plain strengthens the view that this
series as well as its possible correlative, the Brevard series
further east, may be Paleozoic. Also, the Little River series
of the Fall Belt in Georgia is very slightly metamorphosed
locally, and has supported a brick industry at Augusta. Most
of its metamorphism is produced by local granite intrusions.
Thus, from the north Georgia mountaing to the Cretaceous
basement of South Georgia where Paleozoic rocks are known
to occur, there are numerous belts of rock less metamor-
phosed, and of different composition from their basement;
they are essentially unintruded by granites in the western
part of the State; are younger than the so-called “Ocoee”,
“Great Smoky”, or “Carolina gneiss” rocks; thus, they may be
of Paleozoic age.

. STRUCTURE
The beds of granulite, graphite schist, mica schist, and
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pseudodiorite, between Chatsworth and Ellijay, belong to the
eastern limb of an anticlinorium, which is overthrust upon
Paleozoic rocks of the Great Valley. Near this overthrust,
folds are overturned and sliced through more or less parallel
to their axial planes. Sequence I in the northwest corner of
the map being essentially a slate is very much folded, and in
Sequence II, west of the Murphy syncline, the beds dip rather
consistently southeast toward the Murphy series, but north-
west dip of beds may be observed locally. The best indicator
beds are usually pseudodiorite and locally, massive granulite
beds.

The synclinal character of the Murphy series can be well
studied in East Ellijay. Here, this series occurs in a tight,
overturned syncline, sheared on its western limb, but not
thrust out against the Great Smoky formation to the west.
On the west side of the syncline east of the railroad depot
(road to Dahlonega) conglomerate is sheared into stretched
pebbles, but on the east limb of the fold the conglomerate is
massive.

No attempt is made here to portray the fault structures asso-
ciated with the Murphy syncline. The two thrusts indicated on

the accompanying map are believed to be of more general impor-
tance. LaForge finds other overthrusts to be present; thus,
thrusting played an important role in preservation of the Murphy
series. The westernmost thrust, indicated on the accompanying
map, is justified by physical evidence of faulting near Ellijay,
and because the rocks of Sequence I are thrown against the
Murphy series. It would appear that the less resistant and slaty
character of the Murphy series has caused it to absorb a consid-
erable amount of movement. The fault between Sequences I and
IT in the northeast section seems to be justified on the basis of
lithology. Actually, this thrust is a continuation of the thrust
brought in from the Murphy quadrangle by Keith and
LaForge. The problem requires detailed structural study.

The major element of Blue Ridge structure southeast of the
Murphy series is a very large synclinorium to which Sequences
II and IIT belong.
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INTERPRETATION OF FLORIDA GEQLOGY*
by

HERMAN GUNTER, ROBERT O. VERNON
' and JAMES L. CALVER

Florida Geological Survey

INTRODUCTION

In area Florida ranks in size with Georgia, the largest state
in the southeastern United States, and contains 58,666 square
miles of land surface within its boundaries. This area is ap-
proximately 210 square miles less than that assigned to the

*Read at the Southwestern Mineral Symposium, Geology Department,
Emory University, March 29-31, 1951.
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State of Georgia. The distance across the State from the
Perdido River that forms the boundary with Alabama on
the west to the Atlantic Ocean on the east, is approximately
380 miles, and the length of the State from the St. Marys
River on the north to the southern tip of the Peninsula is ap-
proximately 425 miles. Within this area a total relief of 345
feet has been measured. Although only 40 per cent of the
State has coverage by standard topographic maps, the highest
elevation on these maps, 345 feet, lies in the northern portion
of Walton County in western Florida.

Situated wholly within the Coastal Plain Province, Florida
is underlain by 4,000 feet or more of sedimentary rocks that
overlie a basement of older sedimentary, metamorphic and
igneous rocks. The oldest rock exposed at the surface of the
State is the Avon Park limestone of Middle Eocene age. This
formation, together with the Ocala limestone, Upper Eocene,
and the younger formations of the Oligocene, Miocene, Plio-
cene, Pleistocene and Recent age represent a stratigraphic
section of about 1,800 feet. Sedimentary rocks older than the
Middle Eocene limestones do not crop out and are known
only through cuttings, cores, and records of wells that pene-
trate them.

Florida forms the emerged portion of the Floridian Plateau
that separates the deep waters of the Gulf of Mexico from
the deep waters of the Atlantic Ocean and includes not only
the State of Florida, but also the adjacent ocean floor that
is less than 300 feet below sea level.

The Eocene and younger sedimentary rocks of the Floridian
Plateau are arched into a broad anticline that trends north-
west-southeast and plunges toward the northwest and the
southeast. The fold may be traced from Madison County
southward to Hardee County. The oldest of the sedimentary
beds cropping out in Florida, the Avon Park limestone, is
exposed along the crest of this fold in Citrus and Levy coun-
ties. The younger formations on the flanks of the fold dip
at low angles toward the Atlantic Ocean and the Gulf of
Mexico. They crop out on the floor of the Ocean or Gulf
some distance offshore and some possibly crop out on the
edge of the plateau. The Ocala uplift is separated by a shal-
low synclinal trough from a similar northward trending anti-
clinal structure found in northwest Florida in Jackson,
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Figure 1. Subsurface distribution of pre-mesozoic rocks in
Florida.

Holmes, Walton and Washington counties. This anticline is
the southward extension of the Decatur arch, along the crest
of which the Ocala limestone lies near the ground surface and
is the oldest rock exposed.

By far the greatest portion of the State is covered by a
surface mantle which has an estimated maximum thickness
of 200 feet of Recent and Pleistocene sands and soils. Tertiary
rocks are exposed around the borders of this mantle and in
areas where the cover is thin, or absent, as a result of erosion.
The oldest of these, as already stated, is the Avon Park lime-
stone of Middle Eocene age, and is exposed in Citrus and Levy
counties. There the upper portion of the formation, which has
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a total thickness of about 650 feet, has been found in a series
of outcroppings. As a result of the mantle of Recent and
Pleistocene sands and soils, the accumulative thickness of
stratigraphic sections actually exposed in outcrop in the entire
State measures roughly 900 feet. The maximum thickness of
these formations including the upper few feet of the Avon
Park limestone is approximately 1,800 feet.

To summarize these generalizations, it is sufficient to say
that within the 58,666 square mile area of Florida, there is a
total relief of 345 feet. The sedimentary formations are so
flat lying that only 1,800 feet of section lies near the surface
while only half ‘of this section may be examined in outcrop.

SURFACE FORMATIONS
Methods of Study

To study the details of the surface geology of the State,
it is essential that every outcrop be examined. In many areas
these outcroppings are so widely separated, it becomes nec-
essary to study cuttings and cores obtained from well-drillers
and samples from auger holes to secure details of bedrock
geology. In order to utilize the information thus obtained,
accurate elevations for each well or auger hole must be de-
termined. Well and auger samples are recovered from 10-
foot, or preferably b5-foot intervals, and these are washed
and examined in detail. While lithologic studies of such sam-
ples are important, very often the paleontologic determina-
tions of the microfauna are the only means by which certain
formations can be distinguished.

Minor Structures

Through a study of samples obtained from auger holes and
wells, it is possible to distinguish small faults which have
vertical displacements of as little as four or five feet. Further-
more in areas where such detailed studies have been made,
the fault or joint pattern thus obtained correlates almost
exactly with the pattern of trend lines observed on mosaics
of airplane photographs. Faults that have stratigraphic dis-
placements as great as 160 feet have been discovered by de-
tailed study of all known outcroppings and all available well
sample data. '
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Figure 2. Configuration of the surface of the pre-mesozoic
rocks of Florida.

Major Structure

Mention has already been made of the anticlinal structures
that have expression on the surface. The largest of these has
been named the Ocala uplift inasmuch as the structure is ex-
posed in the vicinity of Ocala, Florida, and the Ocala lime-
stone crops out along the central portion of this doubly pitch-
ing anticline. This structure, as well as other structures of
lesser magnitude, are confined to Middle Eocene and younger
formations. The formations of early Eocene age as well as
the Cretaceous and older sediments are not involved in this
folding and their structure bears little or no relationship to
structure found in the outcropping formations. It is therefore
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impossible to study the main portion of the rock structure of
Florida by examination of the formations that outcrop.

SUBSURFACE FORMATIONS

The term subsurface formations is used here to include all
of the rocks assigned to the Lower Eocene and the Paleocene
of the Tertiary system, as well as those of the Mesozoic,
Paleozoic and pre-Cambrian systems. These subsurface for-
mations are known only from cuttings and cores obtained dur-
ing the drilling of deep water wells and test wells drilled in
the search for petroleum. In the past ten years, and par-
ticularly during the past three years, studies of these well
samples by a number of geologists have increased our knowl-
edge concerning the subsurface of Florida and have substan-
tiated the complexity of its structure and history. Details of
this history are still lacking, nevertheless broad relationships.
have been determined. The work of Mr. and Mrs. Paul Applin
of the U. S. Geological Survey is outstanding in this study,
particularly of the Mesozoic and pre-Mesozoic rocks and
structures. However, the contributions made by the profes-
sional geologists connected with petroleum exploration com-
panies that have been active in the State should not be mini-
mized.

Rock Celumn and Structural Features

The Cenozoic and Mesozoic formations range in thickness
from 2,800 feet in the northern part of the Peninsula to more
than 15,000 feet in the region of Florida keys. In western
Florida these formations are somewhat thicker and range
from 8,450 feet in Jackson County to an estimated 15,000 to
20,000 feet in Escambia County. The buried Paleozoic strata
are not less than 3,000 feet in thickness and may be as much
as 6,000 feet.

Crystalline rocks that are possibly pre-Cambrian in age
have been encountered in three wells in central Florida at
depths ranging from 5,900 to 8,000 feet. Lavas, rhyolites, ba-
salts, and tuffs of pre-Cambrian or early Paleozoic age have
been encountered in eleven wells in the central part of the Pen-
insula. In northern Florida 37 wells have penetrated several
thousand feet of clastic strata of Paleozoic age. These rocks
are of marine origin and are principally unaltered quartzitic
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sandstones, sandstones and shales. According to paleonto-
logic studies made by Drs. Josiah Bridge and Jean M. Berdan
of the U. S. Geological Survey, the Paleozoic rocks beneath
central and northern Florida include strata from Early Ordo-.
vician to Early or Middle Devonian age. The distribution of
these rocks is shown in figure 1.

The early geologic history includes the following sequence
of events: (1) pre-Cambrian or early Paleozoic volcanic ac-
tivity ; (2) deposition of the Paleozoic sedimentary series of
rock; (8) emergence accompanied by faulting and folding;
and (4) a long period of erosion, peneplanation; and (5)
warping of the peneplane surface to form the structure which
Mr. Applin has tentatively named the Peninsular arch. This
structure is the prominent feature shown on the contour map
of the pre-Mesozoic surface as illustrated in figure 2.

Upon the surface produced during peneplanation, accom-
panied by downwarping of the Floridian plateau in the south,
a thick deposit of marine and deltaic sediments, largely car-
bonates, ranging in age from possible Triassic to Recent, have
formed. Mr. Applin in his studies recorded that an extensive
submergence began at the south end of the Peninsula during
the early Cretaceous and possibly Jurassic. This is indicated
in the Gulf Oil Corporation well, located on Plantation Key,
in Monroe County, which penetrated more than 15,000 feet
of limestone, dolomite and anhydrite of Tertiary, Upper Cre-
taceous, Lower Cretaceous and questionable Jurassic sedi-
ments, whereas the Sun Oil Company Bishop well in Colum-
bia County penetrated only beds of Tertiary age and those
equivalent to the Austin of the Upper Cretaceous.

The submergence advanced northward along the Peninsula
because the series of wells north of Sunniland, Collier County,
" in which beds of Trinity age are penetrated at 13,000 feet
show that beds of the Lower Cretaceous, Trinity, Fredericks-
burg and Washita age, encroach progressively upon pre-
Mesozoic rocks.

These definitely marine beds interfinger northward into a
clastic facies of red and green shale, sandstone and siltstone
that occupies the south flank of the pre-Mesozoic high and are
correlatives of Trinity and Washita sediment, the Comanche
Series of the Lower Cretaceous. The cross section, figure 3,



48 SHORT CONTRIBUTIONS TO THE GEOLOGY,

illustrates this progressive overlap of the Cretaceous sedi-
ments on the eroded pre-Mesozoic surface, which is highest
in an arch centered at Union County, Florida. The ‘“Ocala
uplift” has been restricted to the structure developed in
Tertiary rocks of the Western Peninsula of Florida.

In summary, the Ocala uplift, a minor basin in the Southern
Peninsula called the South Florida embayment, the Decatur
arch and the trough between it and the Ocala uplift are all
structures developed in Tertiary rocks, and are exposed at
the ground surface. These structures have been outlined by
surface geology and detailed by well penetrations. They bear
1no relaftionship with structures developed in Cretaceous and

older rocks. A well drilled high on these structures may be

abandoned at an horizon that is low on older structures, or
the well may start in a basin and end in an anticline.

The arch developed in pre-Mesozoic rocks and the overlap
on it by Cretaceous sediments is known only from well pene-
trations and.the limited information available prevent de-

- tailed analyses of both structure and geology.

THE ROLE OF THE BUREAU OF MINES IN
--STRATEGIC- MINERAL_INVESTIGATIONS
B IN THE SOUTHEAST"*

J. R. THOENEN
| U. 8. Bureau of Mines
Organization
The field organization of the Bureau is made up at present
of eight regions in continental United States and Alaska, and

a ninth region that covers Bureau activities in foreign coun-
tries.

Region VII includes the 7 states in southeastern Unijted
States, namely, Mississippi, Alabama, Georgia, Florida, Tenn-
essee, North Carolina, and South Carolina.

~ These seven States, according to the 1948 Minerals Year-

1Authorized for publication by the Director, United States Geological
Survey.

*Read at the Southwestern Mineral Symposium, Geology Department,
Emory University, March 29-31, 1951.
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book, account for 4.3 percent of the value of the national
mineral production, or roughly, $675 million. Of the minerals
constituting the major production from the States of Region
VII, iron ore is the only one of strategic status listed in the
Minerals Yearbook. Hence, the title of this paper may be.
somewhat misleading.

However, there is some strategic-mineral production from
the Region, although it must be classed as of minor impor-
tance when compared with the greater production of non-
strategic minerals. For example, we have bauxite and graph-
ite from Alabama, titanium minerals from Florida, bauxite
and kyanite from Georgia, mica. from North Carolina, and
Georgia, topaz from South Carolina, and others.

To serve these seven States, the bureau has Regional Head-
quarters set up at Norris, Tenn. Regional Director Hewitt
Wilson operates from there, and his office has taken over
many of the administrative duties originally handled from
Washington.

At Norris, also, is the Electrotechnical Laboratory, in which
various primary research studies are conducted.

Tuscaloosa, Ala., is the home of the Southern Experiment
Station, comprising office quarters for engineers and metal-
lurgists and very complete ore-dressing, metallurgical, and
coal and coke laboratories. ’

At Raleigh, N. C., the Bureau has a station originally de-
signed to serve Virginia and Kentucky as well as North and
South Carolina.. This Station was set up to study pyro- and
hydrometallurgical problems, but, with the reorientation of
regional boundaries, it is planned to center much of the non-
metallic research here.

At Gorgas, Ala., the Bureau is conducting extensive experi-
ments in burning coal in place and collecting the gases there-
from, of which probably all of you have heard.

Birmingham, Ala., and Jellico, Tenn., are the headquarters
for stations concerned with coal-mine inspections and first-
aid training of miners, all for the purpose of promoting the
health and safety of miners.



50 SHORT CONTRIBUTIONS TO THE GEOLOGY,
Activities

Regional activities are segregated into seven groups, name-
ly, mining, metallurgy, coal preparation, nonmetallics, min-
eral research unclassified, safety, and economics and statis-
tics, each of which has several subgroups.

Mining is broken down into State mineral inventories, min-
eral examinations, development projects, and mining research.

Metallurgy comprises research in ore dressiﬁg, pyro-- and
hydrometalllurgy, and work is planned for electrometallurgy.

Coal preparation involves removing ash-making impurities
from coal. This division also investigates coals and coal
blends for the best coke-making properties, and studies gasi-
fication of coal in place at Gorgas.

In nonnietallics, studies are conducted looking to the bene-
ficiation of raw materials, testing mineral samples for use,
production of synthetic minerals, and ceramic research.

Mineral research unclassified covers a multitude of investi-
gations such as actual mining to determine the most economi-
cal method for a particular set of conditions, developmen’g of
new tools and methods for drilling ore bodies, devising new
ore-dressing methods and new apphcatlons of metallurgical

- processes; and-originating new and more accurate methods of

chemical analyses for minerals.

The promotion of health and safety in mining needs no
laboratlon for this audience.

Very likely, many of you are familiar with the question-
naires sent out by our economic and statistics group. Infor-
mation so obtained is used in compiling the Bureau’s Mineral
Yearbook, with which I know all of you are familiar.

MINING
Mineral Inventory

The State mineral inventories are compiled from all avail-
able sources, including State and national geological reports,
the technical press and reports from our own engineers. Each
deposit recorded is card-indexed, and then its location and
condition are verified ,in the field by a mining engineer.
Thereafter, the deposits are recorded in office albums and



GEOGRAPHY AND ARCHAEOLOGY OF GEORGIA 51

located on maps for ready reference. The albums provide
quick reference for the location and study of all known min-
eral deposits of the State. They also provide a base for plan-
ning technical examinations looking to recommendations for
development programs. ‘

Examinations of Mineral Samples and Deposits

Mineral organizations are made for two reasons—(1) to
provide information required by the local, regional, or na-
tional office of the Bureau and (2) at the request of private
or public individuals.

Field offices are frequently called upon by regional or na-
tional headquarters to prepare reports on the mineral possi-
bilities of stated deposits or areas, thus calling for field exami-
nations to supplement filed information.

~ Private individuals pick up samples of rock or ore and send
them to us, usually with a request for chemical analysis.

The Bureau is forbidden to make chemical analyses for
private individuals, but we do examine each sample received
and identify the mineral or minerals contained therein. In
this way we can usually satisfy the inquiry.

It is of interest to note that 1,182 examinations of mineral
deposits have been made in the seven States, of which 1,009
were on 26 different strategic minerals. Considering that of
these only iron ore is considered to be of major production
importance, it is obvious that the variety is great and the
coverage has been wide.

Development Projects

Each year recommendations are sent from field offices to
the Regional Office and from there to the National Office
for projects that warrant expenditure of public funds for the
benefit of the national economy. The National Office weighs
these recommendations and, in view of the ever-changing
National requirements, selects the most important. Funds
appropriated by the Congress are allocated to the several
Regions on a national-interest basis. These allocations are
then reallocated to the recommended projects by the Regional
Office.
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Criteria for recommending projects is based on their bene-
fit to the national economy. Suggested projects that obviously
will benefit a single private owner are scrutinized carefully
and recommended only when the benefit to the nation is con-
sidered to exceed that to the individual. Projects are not
recommended when only the individual will benefit.

Since 1939, 57 projects have been set up and completed in
the Region. Of these, 43 have been on strategic minerals.
The total cost of these projects was something over $2 million.

Now, what about the other side of the 1edge‘r? The min-
rerals developed were, roughly—

Bauxite, high-alumina clay, copper ore, corundum, man-
ganese, tin, iron, lead, zinc, molybdenum, mica, tungsten,
graphite, titanium, and zircon.

The total tonnage developed was, roughly 153,000,000.
Thus, the cost was 114 cents a ton.

However, much of this tonnage was low-grade and either
not commercial or of questionable value at this time.

On the other hand, approximately 16,000,000 tons was
commercial ore and has been put in production since our
“development. " T T T T T T T T T s e e

Charging the total development co\st for all minerals
against the commercial ore found, the cost per ton was 12
cents.

In many of these development projects the Bureau of Mines
has had the active help and cooperation of the U. S. Geologi-
cal Survey, whose geologists have worked closely with our
field engineers. In others, the staffs of State Geological Sur-
veys and T. V. A. have contributed both time and advice.

Mining Research

Little work has been done on mining research in this Re-
gion. However, we have done some experimenting in drilling
methods and designing new drilling tools. At present we are
cooperating with the Applied Physics Branch of the Bureau
in some blasting research in a granite quarry near Atlanta.
The basic objective of this research is to correlate the physi-
cal'properties of various explosives with the physical proper-
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ties of rock. This study has no direct connection with stra-
tegic minerals but falls in the class of fundamental research.

METALLURGY

Alabama iron ores are relatively low grade (85-40% Fe,
compared to 50 - 52% Fe from Misabi) and can be used eco-
nomically only because the ore, coke, and limestone flux are
all obtainable within a 25-mile radius of the furnaces. Min-
ing at increasing depths has increased costs, and the grade
of the ore has decreased. Foreseeing this, Bureau metal-
lurgists have conducted major studies relative to the concen-
tratability of not only the currently mined ores of decreasing
grade but also on highly ferruginous sandstones not previ-
ously mined.

One gravity concentration mill in the Birmingham district
produces, roughly, 300,000 tons of hematite concentrate an-
nually from low-grade ores by processes originally developed
at the Tuscaloosa laboratory. Bureau metallurgists are con-
tinually working with this mill to improve the process further.

Extensive studies have been conducted both in batch tests
and pilot-plant scale on the flotation method of concentrat-
ing local low-grade ores and ferruginous sandstone. These
processes are successful on pilot-plant scale, but large-scale
tests must be made to prove the economics.

During the last war, extensive research was conducted in
North Carolina and Tennessee in an attempt to produce
sponge iron economically.

Milling processes for the recovery of crucible-grade flake
graphite have been developed. Three Alabama and one Penn-
sylvania mill used these processes successfully during the last
war. :

A workable process for flotation recovery of premium grade
bauxite from marginal ores was developed, but never was ap-
plied commercially, because a combination leaching-sintering
process developed by industry appeared more economical.

An electric furnace process (Pederson) was studied for the
recovery of alumina from low-grade bauxite and clay.

The flotation of fluorspar ores Was originally developed by
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Bureau engineers in collaboration with industry. At present,
roughly 150,000 tons (about half the present production) of
fluorspar is recovered by flotation.

Low-grade sillimanite-kyanite’ ores of the southeast have
been beneficiated successfully by the laboratory. These proc-
esses are available for commercial use when required. |

The Bureau developed a successful flotation process for
recovering feldspar from pegmatites and granites, later im-
proved by industry. Roughly, 200,000 to 300,000 tons are so
recovered annually. '

Much experimental work has been done on the beneficia-
tion of ores of magnetite, limonite, phosphate rock, barite,
tale, manganese, tungsten, vanadium, ilmenite, rutile, zircon,
pyrrhotite, lead, zine, and others.

Provision is now being made to increase research into pyro-
and hydrometallurgical beneficiation processes.

Metallurgists cooperate closely with mining engineers in
their examination and development projects. Several methods
have been developed whereby the engineer in the field can
reach approximate but close evaluation of samples or drill
core in the field without having to wait for detailed chem1ca1

analyses from the laboratory. e o e e i e e b

COAL

Coal is not a strategic mineral. However, production of
iron and steel depends on coal or coke produced from coal.
Coal-is one of the South’s major resources, and the principal
objective of the coal—that each decrease of 1 percent of the
ash in coke used in the blast furnace permits the increase
of 5 percent in the pig iron produced. The present steel short-
age is almost directly traceable to the inability of our present
blast furnaces to produce enough pig iron. Hence, by proper
preparation of coal, better coke can be produced, thereby
increasing the blast-furnace efficiency and steel production
with present equipment.

Another section of the Coal Division is concerned primarily
with increasing the coking-coal reserves of the region. A .
coking coal is defined as a coal that has been carbonized suec-
cessfully to a suitable coke. There are many ranks and grades
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of coal. Many of these have never been tested for their cok-
ing qualities, and, until so tested, they are classed as non-
coking. The section is testing these and has determined that
some which were thought to be non-coking are actually good
coking coals, thereby adding to our reserves.

Studies are being made, also, in which coals found to be
noncoking are blended with others of good coking quality
“and the blend is carbonized. Numerous such blends have been
found to produce satisfactory coke, thus further increasing
potential reserves.

Most producers of foundry coke in the Southeast import
West Virginia Pocahontas coal for their blends at an esti-
mated annual freight cost of $750,000. Two methods are
under investigation whereby it is hoped to produce substitute
blends from local coal and thereby reduce this expenditure
for freight appreciably.

Other investigations indicate the possibility that by cor-
rectly adjusting the known variables in the coking procedure
additional tonnage can be produced without sacrifice of
grade.

Just as there are numerous types, grades, and ranks of
coals, there are cokes with widely variable qualities. The
end objective of the coke investigations is to relate coke
quality to blast-furnace performance.

To conduct the coal and coke investigations enumerated,
the laboratory at Tuscaloosa maintains a complete coal-wash-
ing unit and an experimental, electronically controlled coke
oven.

At Gorgas, the Bureau, in collaboration with the Alabama
Power Co., is burning coal in the ground. The objective of
this test is to determine whether coal seams that, for one
reason or another, are uneconomical to mine, can be gasified
in place and the products utilized economically.

NONMETALLICS

Most nonmetallic minerals fall outside the classification of
strategic. However, many so classed, like coal, are necessary
for the utilization of strategic minerals. I refer to common
fire clay and silica brick refractories in the manufacture of
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iron and steel, molding sands for foundries producing arma-
ments, and drilling muds and cracking media for the oil in-
dustry, without which our present economy would slow down
to a walk, porcelains for high-tension power lines, radio in-
sulators, and spark plugs, and probably many other items that
will ocecur to you. Although not classed as strategic them-
selveg, they are vitally necessary in the preparation of those
materials that are strategic. Virtually all the nonmetallic
minerals used in the ways mentioned are found and produced
in the southeast for use not only locally but throughout the
nation. The station at Tuscaloosa is continually studying non-
metallic raw materials and their beneficiation so that they
will be suitable for these and other uses. -

Some of the nonmetallics, on the other hand, are strategic
in themselves, such as sheet mica, certain types of asbestos,
corundum, industrial diamonds, graphite, jewel bearings,
kyanite, quartz crystal, and steatitic tale, to name the most
important.

The electrotechnical laboratory at Norris, Tenn., is conduct-
ing intensive research into the production of-synthetic non-
metallic minerals, such as sheet mica, asbestos, industrial dia-
mond substitutes, and super-refractories for the ever-increas-

- ing-temperature requirements of modernindustry.  Mich of -
this research, in cooperation with the Bureau of Ships and the
Atomic Energy Commission, however, is classified and not
subject for publication. I believe, however, that I am not di-
vulging secrets in saying that interesting progress is being
made in all of these studies.

MINERAL INDUSTRY IN GEORGIA 1940-1950%*
A. S. FURCRON
Georgia Geological Survey
The mineral resources of Georgia are mostly non-metallic;
coal mining is negligible, and we have not yet discovered

petroleum. It seems unlikely at this time that large metal
industries will be developed in the southeast; also, there will

*Read at the Southeastern Mineral Symposium Meeting jointly with South-
eastern Section Geological Society of America, Hotel Roanoke, Virginia,
May 1-8, 1952.
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be a tendency to go beyond the boundaries of this country for
metals. However, there is no general need for extensive im-
ports of non-metallic resources with which Georgia and other
southeastern states are well supplied; also, it is desirable
that non-metallics be used near the source of supply; thus it
is reasonable to predict that we will have opportunity in the
future of continuously expanding our production of non-
metallic minerals.

In 1940 kaolin and clay products amounted to $7,144,826
or approximatély 44 % of our mineral production. Other min-
erals in order of their importance were granite, portland
cement, marble, fullers earth, limestone, barytes, sand and
gravel, talc and iron ore. In 1950 kaolin and clay products
amounted to $28,234,718, a total of approximately 50% of
our mineral production. Other important minerals in descend-
ing order of value were granite, portland cement, fullers
earth, marble, limestone, sand and gravel, tale, iron ore and
barytes.

Georgia, as some other Atlantic states, includes portions of
the Atlantic Coastal Plain, the Piedmont and Blue Ridge
Provinces of crystalline rocks, and folded Paleozoic rocks of
the Great Valley Province. The Coastal Plain comprises about
60 per cent of the area of the State, and also has the largest
mineral production, amounting to $7,566,325 in 1940, and
$32,602,435 in 1950, a percent increase of 430. The Piedmont.
and Mountain area of crystalline rocks comprises 30 per cent
of the territory, and contains the oldest mining industries.
It had a production of $5,769,387 in 1940 and $16,360,797 in
1950, a total increase of 283% . The much smaller area of
Paleozoic rocks in northwest Georgia embracing 10 per cent
of the area of the State, ranges third in mineral production
which amounted to $8,544,591 in 1940 and $5,775,815 in
1950, a total increase of 162 per cent. Increase in production
for the entire state within this ten year period was 332%.

In general, increase in mineral production for Georgia over
this period is due to increase of production among estab-
lished industries.

Increase in Coastal Plain figures came from stepping up
production of kaolin and clay products in general. Soft kaolin
is used principally as a filler and coating for paper, and the
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hard kaolins are used as filler in rubber; also, there has been
a steady increase in production of fullers earth because of
expanded uses of that product. No new mineral industries
added materially to the increase.

Increase in figures from the Crystalline area came from
the expansion of the granite industry, particularly in crushed
stone. In 1940 dimension and monumental stone amounted to
$1,211,597 and crushed stone $1,992,571. By 1950 dimension
and monumental granite amounted to $3,087,249 but crushed
stone for aggregate totaled $6,642,698. Also local develop-
ment of new minerals such as feldspar and mica for grinding
increased the figure. ' ’

Increase in the Paleozoic area comes from the expansion
in production of existing industries. However, at present, this
small district offers more obvious possibilities for increase of
mineral production than do the other districts..

It is not out. of place here to mention briefly some gerneral
policies of the Georgia Geological Survey which are dictated
by the stage of our geologic knowledge, and by the character
of our mineral resources.

We find it advisable to be on the lookout for new uses of |
" established mineral déposits. For example with ail expanding
economy, and increase in the building industry, it seems eco-
nomical to consider today the manufacture of lightweight
aggregate. Thus, recently the establishment of the Georgia-
Lightweight Aggregate Company at Rockmart, in Polk Coun-
ty, represents a new use for an old mineral-—slate.

The Rockmart slate is a dark slate formerly used exten-
sively for roofing. However, with the increased cost of labor,
and the -development of extensive substitutes for roofing -
slate, it has not been so used since 1938. During the decline
of its use it was discovered that good shale brick could be
made from it, and this led to the establishment of the Rock-
mart Shale Brick and Slate Company. Recently, extensive
tests upon this slate indicate that in both, the weathered and
fresh condition it is suitable for manufacture of lightweight
aggregate, and it is quite accessible to the Atlanta markets.

In a large district where non-metallic minerals lead, the
discovery of new minerals is an important function of a Geo-
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logical Survey; by this I mean minerals new to production or
to production in our state. Such minerals must be discovered,
uses for them must be developed and the advisability of ex-
ploiting them must be sold to industry. Obviously, this is a
long and difficult procedure, the most difficult part of which
is selling the idea to industry—and most geological surveys
are not equipped. to engage in this type of promotional
activity.

The story of sillimanite is applicable here. We discovered
and mapped extensive sillimanite deposits in Hart County,
(Georgia, and published a report upon them in 1945. At the
same time the U. S. Bureau of Mines responded whole-
heartedly in concentrating the sillimanite ore, and in making
it into refractory brick. Sillimanite can be used as a substi-
tute for andalusite or massive kyanite, the latter being im-
ported from India. Both andalusite and kyanite must be cal-
cined to produce mullite, and in that stage are essentially
equivalents of sillimanite; thus, it was found that by taking
this particular schist apart a substitute for this calcined prod-
uct could be produced as well as an appreciable by-product of
flake graphite. The results of all this work are now well
known but how are we to sell them to industry? We believe
that eventually it will be done, and for that reason we have
prepared ourselves further to meet the questions of indus-
trialists.

William H. Grant is just completing a very thorough study
of Hart County, thus when industry becomes interested we
will have the details of this mineral worked out. Actually,
his report will be a doctor’s thesis under Professor Ernst

"~ Cloos of Johns Hopkins.

Figures supplied by the State Chamber of Commerce indi-
cate that industrial development in Georgia has increased
500% during this decade. Water is fast becoming our num-
ber one problem because of rapid growth of urban districts,
and the advent of textile and paper industries. Increased
~development produces additional responsibilities for a State
Geological Survey, and we would like to acknowledge here
the all out cooperation of the Surface and Ground Water
Branches of the Water Resources Division of the United
States Geological Survey. )
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The Georgia Geological Survey needs a mineral beneficia-
tion or mineral testing laboratory. For years we have main-
tained a chemical laboratory and assay office which have
been of great service to the State, and which undertake work
ranging all of the way from ordinary assays to water analyses.
The sympathetic cooperation of the U. S. Bureau of Mines in
the examination of ceramic materials and in the general
laboratory study of our non-metallics, has been of very great
value to us, because it has enabléd us to extend a service
which otherwise we would be unable to give. There would
be a decided advantage for us however, if the geologist could
bring rocks which he finds in the field directly into a small
well equipped laboratory and take them apart in search of
possible uses suggested at the time.

We are finding that the best long range program for the
discovery of new minerals, and for the discovery of additional
supplies of our old minerals, is the maintenance of a plan for
continued detailed field work of an areal nature. The long
series of reports of the Georgia Geological Survey have cov-
ered every known economic mineral in the State, and some of
them have been covered by more than one bulletin. Thus to
discover additional minerals of economic value, we must now
come back to basic research,. and the results of such a pro-
-~ -~ gram “started in -a-small-way with—us; only a few years ago,

have begun to bear fruit. '

‘GOLD DEPOSITS OF GEORGIA*
C. F. PARK, JR.
' U. S. Geological Survey

Geologic Setting

The gold deposits of Georgia are part of a more or less
mineralized region that extends from Great Falls on ‘the
Potomac River to the Coastal Plain of Alabama. The mineral
deposits of this region have many features in common and
are generally associated with silicified sheeted zones or
sheared zones that may represent faults of considerable ’
throw. Approximately 500 properties in Georgia are known

*Publication authorized by the Director, United States Geological Survey.
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to be gold-bearing, and the general distribution of the deposits
is shown in Figure 1.

The country rocks include a wide variety of schists and
gneisses; in the Lumpkin County gold belt two formations are
recognized—the Carolina gneiss and the Roan gneiss. The
Carolina .gneiss consists of crystalline schists and gneisses
that are commonly micaceous. It includes mica schist, gar-
netiferous mica schist, quartzite, conglomerate, kyanite schist,
and, locally, small bands and lenses of marble and graphitic
schistl. The Roan gneiss was defined by Keith? as hornblende
schists, hornblende gneisses, and schistose diorites that are
found as sheet-like or intrusive masses in the Carolina gneiss.
Crickmay agrees that many of the hornblendic masses are
intrusive?, but in several mines small hornblende nodules and
thin sheets not of intrusive origin are found in the Carolina
gneiss. This hornblende is thought to result from a rearrange-
ment of the mineral components in the Carolina gneiss.

In the eastern part of the State the gold deposits are in the
“slate belt’”’, which extends into North and South Carolina.
The rocks of this belt are mostly schistose volcanic tuff4 5.
A little gold is found in other metamorphic rocks, mainly
schists ¢ 7, in addition to that in the three rock series men-
tioned.

The gold-bearing rocks are intruded by numerous dikes
and masses, which have granitic or pegmatitic textures. The
intrusive rocks are of widely different compositions and ex-
hibit all degrees of metamorphism and hydrothermal altera-
tion. Diabasic dikes of post-ore age are fairly common.

Structural Features

The detailed structure of the metamorphic rocks has been
studied but little thus is imperfectly known. Foliation planes
range widely in attitude, but trend in general about N. 45 E,,
and dip steeply either northwest or southeast. The recog-
nizable remnants of bedding may diverge widely from the
strike and dip of the schistosity although in places the two
features nearly coincide. Folding has been mapped locally,
and widespread faulting is recognized in two well-defined
systems, one trending northeast, about parallel to the trend of
regional schistosity and the other transverse to this feature.
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The northeastward striking breaks are zones, in places up to
several hundred feet wide; they are characterized mainly by
more intense shearing and better developed schistosity than
the enclosing country rock and are mineralized in many
places. The transverse or northwestward trending faults are
generally well defined fractures that may or may not contain
quartz veins, a few of which are gold bearing. Some of the
fractures are filled with diabasic dikes.

Quartz greatly predominates in the gangue and some large
bodies are found; generally, however, the quartz is in small
(-4’ thick) stringers and lenses. A few well-defined veins
such as that at the Columbia mine in eastern Georgia (Mec-
Duffie County) are known, and elsewhere, as at the 301 Mine
(Cherokee County) the ore is in a silicified zone, the boun-,
daries of which are not sharp.

Mineralization

Hypogene: A few gold deposits in Georgia have been
worked well below ground-water level, where the conditions
apparently preclude supergene enrichment of the gold. At
the Creighton (Franklin) mine an ore shoot was mined con-
tinuously on a 53° incline for more than 900 feets. The gangue
of the deposits consists mainly of quartz and ankerite, but
other somewhat unusual minerals are found. These include
garnet, kyanite, tourmaline, staurolite, chlor-apatite, gahnite,
‘muscovite and biotite, chlorite, ilmenite, epidote, and mag-
metite. All of these minerals are seldom present in any one
deposit and in some prospects they are scarce or absent.

The most common ore mineral is pyrite, which is generally
scattered irregularly along cracks through the quartz and
may or may not be gold bearing. At the Creighton mine and
a few other properties pyrite forms massive, almost solid
bodies. At the Battle Branch mine in Lumpkin County excep-
tionally high-grade pockets or lenses of gold with galena and
other sulphides and coarse-grained silicates were found about
245 feet vertically below the surface. The bottom of this
deposit has not been reached?® - At the Field, Lockhart, Ben-
ning, Jumbo, Etowah, and probably many other prospects, the
deposits contain pyrrhotite, most of which is not gold-bearing.
A little arsenopyrite was seen in ore from the Etowah and Kin
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Mori mines, and chalcopyrite is found in small grains in nearly
all ore.

Supergene: The opinion is widely expressed among mining
men that the gold deposits of the Southern Appalachians are
“pockety” and of low grade except where enriched near the
surface. It is true that in many places the near surface ores
were richer than those in depth through profitable shoots of
deep ore have been mined. The study of the problem of super-
gene gold is difficult in Georgia because of the small extent
of accessible underground workings. The problem is further
complicated by the decomposed condition of much of the
country rock. Such weathered rock, in which the original
texture is largely preserved, is known as saprolite and is com-
monly from 35 to 150 feet in depth. It is very porous and al-
lows free circulation of descending waters; some specimens
show more than 50 percent pore space. The upper part or
soil zone of the saprolite is disturbed by plant roots and or-
ganisms and by soil creep; the original texture is destroyed.
In the permeable soil and saprolite that overly the gold de-
posits the upper few inches, or even a few feet, are leaner
than the ground below. This is interpreted as due mainly to
mechanical settling of the heavy gold particles. Definite evi-
dence of the amount of mechanical enrichment is lacking, al-
though in places it is probably of economic importance.

Although some gold in the Georgia deposits has probably
been dissolved, transported, and reprecipitated, the amount
thus transferred seems to depend upon local conditions. Near
the surface the nuggets that are recovered appear to be, on
the average, larger than the particles found in depth. These
nuggets possibly have been enlarged by the addition of gold
from solutions. From a gold deposit in Alabama (Hog Moun-
tain) gold is reported concentrated near the water levell® and
in North Carolina (Gold Hill) a specimen of basalt, probably
of Triassic (post-ore) age, was seen coated with gold?.

Features of Local Control in Mines

In all the mines and prospects examined quartz accom-
panies the gold, and where the richer bodies of gold ore are
found, quartz is more abundant than elsewhere. At the Find-
ley mine (Lumpkin County) the quartz bodies are elongated
rods and pipes, with their long dimensions parallel to grooves
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that lie in the planes of schistosity. In many ways these quartz
bodies resemble saddle reefs, with their external form con-
trolled by grooves and furrows rather than by openings at
the crests of folds in bedding. The rods and pipes range in
length up to about 200 feet, and in horizontal section have a
width from 2 inches to a known maximum of about 6 feet.
In vertical section they have a depth in places comparable
to the width; elsewhere they pinch out downward (and up-
ward), generally within a few feet. They appear to be local-
ized where quartz stringers cut the grooves and some are con-
nected to other nearby quartz bodies. by irregular quartz
stringers. The grooves are particularly conspicuous in the
Carolina gneiss (mica schist) and at many mines the ore
bodies are. in this gneiss next to the contact with metamor-
phosed diorite (?) (Roan gneiss). On Findley Ridge the con-
tact between the Carolina gneiss and Roan gneiss swings from
nearly east-west to about N. 30° E. and at the point of the
bend the dip changes from north to southeast. As the ore
bodies are near this contact it follows that the zone of pipes
and rods dips either to the north or east, depending upon the
location, but individual rods pitch persistently northeast.
Away from the contact the quartz bodies gradually pinch out
and become less numerous; at 100 to 200 feet from the con-
_ tact they were too scarce to be profitably “hydraulicked.” .

The localization of the gold in quartz pipes, rods, and
stringers in the Carolina gneiss along a contact with the Roan
gneiss is a common feature in Georgia. The deposits on Find-
ley ridge from the Lockhart mine to the Capps mine are along
such a contac¢t. At the Creighton mine, the Franklin pit is on
a contact between Roan and Carolina gneiss, and the work-
ings at the White County or Thompson property are also
mostly in the Carolina at the Roan-Carolina contact. This re-
lationship probably exists at other prospects where it has not
yet been recognized.

At the Barlow, Whim Hill, Ivy, McDonald, Singleton, Con-
solidated and other :properties gold is in quartz stringers,
which are irregularly distributed through sheared granitic
dikes. The dikes range in thickness from about an inch to
about 50 feet. The quartz stringers are generally confined
to the sheared dikes, but locally project for a few feet into
the adjacent rock. Throughout North Georgia bodies of in-
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trusive granite and gneiss are common, but only a small pro-
portion of the bodies is mineralized.

At other mines such as the Battle Branch, Betz, the prop-
erties seen in the McDuffie County belt, Kin Mori, and many
prospects in White and Dawson Counties, the ore bodies are
in a crystalline micaceous schist, and do not appear to. be
along contacts. The ore bodies in these places are localized
on sheeted or sheared zones, particularly where these zones
are silicified and cut by later fractures. This feature was
well shown at the Battle Branch mine, where the ore was
richer in the more fractured parts of the lode, at or near the
crests of small rolls. The shoots were pod-shaped or cylindri-
cal, with the pods pinching and swelling down the dip. No-
table irregularities in the outlines of the shoots are caused
by pre-ore seams. In places the ore bodies terminate abruptly
against the seams; elsewhere, the mineralizing solutions were
deflected by the seams into new channels. Generally the ore
shoots are less than 6 feet wide and 2 feet thick, although
exceptional bodies are larger. The lengths reach a known
maximum of about 100 feet, although in the longer bodies the
ore forms a series of pockets connected by gold-bearing
streaks. The ore in the shoots consists predominantly of
quartz, galena, ankerite, and gold. Red almandite garnet is
generally found near the borders of the ore and some shoots
were bounded by thin tube-like shells of garnet. Small
bunches of kyanite were found near the bottoms of two of the
shoots. An interesting and significant feature of the deposit
is that almandite garnet, biotite, muscovite, kyanite, tourma-

line, and staurolite are found both in the lode and the sur-
rounding country rock. Near the ore bodies these minerals
become coarser grained; the garnet ranges from 14 inch
diameter in the country rock to 114 inches diameter in the
lode, and kyanite, which is in microscopic crystals in the
country rock, was found in crystals up to 3 inches long in
one shoot. The minerals that are constituent of both the
lodes and the country rocks are coarser in the lodes. This
characteristic appears to be a common though not a universal
feature of the gold deposit from Lumpkin County, southwest
as far as the Franklin mine in Alabama, but to the north-
eastward and in eastern Georgia is not conspicuous.:
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General Features

The three types of ore shoots discussed, namely, those lo-
calized in the Carolina gneiss along contacts with the Roan
gneiss, those concentrated in shear granitic dikes, and those
found in silicified sheeted zones, have many features in com-
mon. They are all in hard, brittle rocks, and the surrounding
material is generaly soft and readily flows under pressure
without fracturing. The localization of the shoots appears to
be dependent upon the physical properties of the rocks rather
than upon their chemical nature.

The texture and structures of the quartz in the gold ore
shoots are of considerable interest. The gold-bearing quartz
at and near the surface is usually iron-stained and sugary,
and platy or laminated structures accentuated by thin layers
of sericite are common. Some lodes, such as the Sulphurette
vein at the Kin Mori mine, although sugary at the surface,
are bluish gray massive quartz below the thoroughly oxidized
material. A few veins, such ag those of the McDuffie County
belt, are platy, but the sugary texture is not well-developed.
Barren quartz is generally white, massive and vitreous.

« . Depth of Original Cover

The depth of the original mineral deposition is difficult to
estimate. Becker!! remarked that the southern veins had
been subjected to long contintied erosion and that the present
croppings are far below the original ones, possibly as much
as 15,000 or 20,000 feet. Lindgren!? seems to concur in this
belief without definite commitment as to depth of cover. The
prevailing mineral associations and coarse textures indicate
deposition under conditions that ordinarily are thought to
prevail in the hypothermal or .deep vein zone.
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DEVELOPMENT OF A CRUSHED STONE
"OPERATION NEAR LITHONIA, DEKALB
' COUNTY, GEORGIA*

NELSON SEVERINGHAUS

Consolidated Quarries Corporation

Each year recently, the Atlanta Metropolitan area has used
some four million dollars worth of crushed stone for its ex-
panded construction work. This stone is the major ingredient
of mixes for concrete and asphalt pavements, concrete foun-
dations, and concrete building products. Almost one-half of
the delivered cost is incurred in transportation from quarries
to use points. The nearest substantial aggregate plants are
some twenty miles away. The railroad freight rate to this
market is 65¢ per ton or trucking cost about $1.50 per ton.

In this locality, stone is all around us. It would be hard to
locate any point more than a few miles from some outcrop
indicating a sizeable deposit of apparently satisfactory rock
to produce crushed stone.

It would seem that quarries should have sprung up at many
places close about Atlanta. Instead, some closer-in operations
have actually closed down. This discussion explores the fac-
tors which rule in this instance, for those factors are impor-

*Read at the Southeastern Mineral Symposium, Geology Department,
Emory University, March 29-31, 1951.
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tant in the proper location and development of most aggre-
gate operations.

The trend has been away from small plants for crushed
stone. Small crushers require more labor per unit of produc-
tion and small operations are difficult and expensive to mech-
anize for elimination of hard work. Light equipment does
not stand up so well when handling tough and abrasive stones.

It is evident that a large plant will require a relatively
large deposit of rock to sustain the operation long enough to
amortize installation costs. High capacity from a quarry
requires a good sized area of rock opening for movement of
shovel and haulage equipment, and blasting of rock to keep
that equipment busy. In this area as in most others, there
are not too many outcrops which can be developed into ex-
tensive quarries without excessive removal of overburden or
expensive excavation.

Most quarries are developed to supply a particular need for
aggregate. When this need is created by a single engineering
project, such as a large concrete dam, specifications for ma-
terials are detailed by the sponsoring agency. These specifi-
cations generally include durability or soundness as measured
by freezing and thrawing or sodium sulfate tests, toughness
measured by Los Angeles Rattier ar Devall abrasion methods, ~
weight per solid cubic foot, absorption and sizing. Recently,
mineral and chemical composition of aggregates have been
given more attention. These properties have an effect on
durability through chemical reaction with other ingredients
and through differential thermal expansion. Where specifi-
cations are so clearly defined, likely deposits can be sampled
and tested to determine if they meet requirements.

Where a deposit developed to supply a varied market, the
problem of specifications to be met is not so simple. Perhaps
the best guide will generally be State Highway Department
specifications. These cover a range of qualities or classes of
stone suitable for various uses. After tests have been made
on a sample of stone, highway specifications will indicate for
what types of work it can be used.

In Georgia,. the Highway Department divides aggregates
into three classes according to toughness. Only the most re-
sistant is allowed in surface treatment pavement where abra-
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sion and crushing will be severe. Few rocks in the Atlanta
area meet this requirement. The second class is that used in
concrete and in mixed asphalt pavements. This class of stone
fills most construction requirements. The third class is used
only for base material to be covered with something more
durable. The famous Stone Mountain granite is on the border
line between Classes II and III. Stones now produced in this
area are well within Class II. Good performance in use for an
extended time is a reliable guide on quality.

Failure to produce a consistently satisfactory and reliable
quality product has caused the closing of many quarries.

A deposit may be of large extent and satisfactory in quality
yvet be unworkable for crushed stone. Some of the things
which may hinder operations are:

- (1) Damage to and complaints from surrounding property
holders may enjoin production. Quarries are noisy operations.
Blasting is at its best annoying, at its worst produces struc-
tural damage from ground vibration, flying fragments, and
air concussion. Dust is another nuisance product difficult to
abate. Distance rapidly minimizes these factors. It would be
folly to introduce a regular blasting operation into the center
of a heavily built and populated district. This is probably the
principal reason why there are no large crushed stone plants
close to the center of the large Atlanta market.

(2) Overburden and contamination of the deposit by clay
or decomposed rock may be excessive. Most quarries have
some overburden to remove but when the ratio of waste to
available rock becomes too great, the cost of removal cannot
be tolerated. Where overburden takes the form of partially
decomposed rock which must be drilled and blasted before
removal by mechanical equipment, costs increase. Where soft
materials on top extend downward in pockets and seams,
their removal to leave specification stone is often difficult,
sometimes almost impossible. Where stone is not available
for open pit mining, it is sometimes possible to use under-
ground quarrying. Generally underground costs are consider-
ably higher than those for open pits.

(8) Some rocks are too good for economical production.
At one time we operated an underground quarry in North
Georgia producing aggregate from a dense gneiss. It was
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probably the finest crushed stone ever produced in the State,
tough enough to meet any specifications. It was so tough that
Jackhammer drills penetrated about two inches per minute
instead of the ten inches they will do in good granite. The
frame of a standard Jaw crusher would weave back and forth
instead of crushing. Such things carry costs beyond the com-
petitive point. Most jobs do not need rock that good.

(4) In producing crushed stone from deposits containing
substantial amounts of quartz, abrasion of equipment be-
comes a major item of cost. Crusher parts which last many
yvears with good tough limestones will wear out in a few
months with abrasive granites. Some types of erushing equip-
ment such as the hammer will work well on non-abrasive
rock but give prohibitive replacement parts cost on abrasive
varieties.

Where only abrasive rocks are available within economical

haulage distance, relatively large equipment is indicated to
minimize wear. At Rock Chapel, working with an abrasive
granite, we operate one 60” x 48” primary jaw crusher and
another one 42” x 30”. ‘Cost per ton crushed for manganese
steel liners in the large machine is about one-fifth of that for
the smaller crusher.
~ (5) Adequate transportation to use points at a minimum
cost must be available. Few large plants exist without rail
‘transportation. At Rock Chapel we now move about 4,000
tons per day, 60% of it by rail and 40% by truck. Truck
haulage is steadily improving in competitive position. When
we started operations in 1929, all of our product moved by
rail. Wherever a large enough quantity moves to one point
to justify installation of unloading and handling equipment,
rail haulage generally proves cheaper than transportation by
truck. Smaller quantities moving to scattered points are bet-
ter handled by truck. Water haulage is not available here-
abouts but where it can be used, as in New York State, it is
more economical than any other means.

It is seldom possible to overcome substantial differences
in transportation costs with economies in operation. Direct
production costs for fixed quarries of reasonable size will
probably all fall within a range no greater than 20¢ per ton.
This amount will move stone no farther than four to eight
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miles by truck. If grades from the site are adverse, it may
not be possible to obtain rail transportation for products and
truck haul will be more expensive.

We have shipped large quantities of jetty stone from Li-
thonia to New Orleans. Freight in this case often costs more
than twice the quarry price for the stone, but there is no stone
of satisfactory quality for this use much closer.

Obviously, the nearer you can locate a satisfactory opera-
tion to the center of market, the better chance that operation
will have. We think that Rock Chapel has about the minimum
cost of transportation that can be obtained for the large At-
lanta market without running into damage complaints or

. high exploitation costs.

(6) Physical geography of the area to be worked can have
an important influence on operating costs though new equip-
ment tends to minimize this factor. It costs money to elevate
materials out of a pit, but not as much as it did before the
advent of the diesel truck. Pumping water from a pit lacking
gravity drainage can cause delays in operations and be costly
if quantity of rain or seepage is large, but the efficiency and
reliability of modern pumps has largely overcome this diffi-
culty.

Horizontal progress into the side of a hill gives the most
desirable quarry operation where it is available, but a down-
ward incline is not prohibitive if other factors are favorable.
It is quite possible to run into gquarry faces of unworkable
height. High faces are difficult to trim for safety of work on
the floor below them. A high face may give a high pile of
broken rock which will endanger men and equipment by cav-
ing or sliding. Horizontal work into Stone Mountain would
soon produce such a situation, for it rises about 650 feet above
the surrounding terrain.

(7) Some stones break relatively poorly with explosives.
Most of the stones in the Atlanta area fall into this class.
Without a large primary crusher, excessive secondary break-
ing will be required on the quarry floor. Even with a 60” x 48"
jaw crugher, secondary breaking accounts for about 15% of
direct operating costs at Rock Chapel. This is one more rea-
son for the scarcity of smaller crushing plants close to scat-
tered centers of use.
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(8) If a crushed stone plant is to supply a varied market
for highway and commercial stone, it will have to produce a
rather large number of sizes. This again implies a large
plant with a number of screens, multiple stock piles and ex-
tensive blending and loading out equipment. At Rock Chapel
we make seven basic sizes and an almost infinite number of
blends of these sizes. We have shipped carloads of rocks
weighing almost twenty tons apiece and others which would
all pass a 13" screen opening. This variety cannot be handled
with a few pieces of small equipment.

In summary, where a number of possible sites are to be
investigated to find the one most desirable for development,
it would be well to set up a sort of balance sheet containing
values for the following factors for each site:

(1) Distance to center of probable markets or points of
use. '

(2) Modes of transportation available.

- (8) Specifications to‘ be met and ability of deposit to meet
them.

(4) Physical geography of area about a depos1t and its ef-
“ fect on plant de51gn

(5) Adaptability of depos1t to cheapes’c method of quarry
attack.

(6) Extent and dimensions of deposit.
(7) Nature of breakage with explosives.
(8) Abrasiveness and difficulty of crushing.

(9) Avallabﬂlty of space about the area of operatxons with-
out housing or other buildings.

(10) - Amount and character of stripping required.

(11) Availability of water for washing or fme sizing bV
hydraulic methods.

(12) Availability of space for disposal of unmarketable
fine sludge or screemngs

(13) Quan‘mty and quality of labor 'whichb'can be employed.

There is no such thing as the perfect crﬁshed stone quarry.
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The one which rates best when evaluated by the above points
should have the best chance of survival. Of course all factors
do not have the same value and their relative importance
will change with time and place. Crushed stone is a highly
competitive enterprise and the balance sheet of possible com-
petition must always be studied carefully. The amount of
capital investment required for complete development at the
present time would be about $400 per ton of daily capacity,
so that a 2,500 ton per day plant would cost about one mil-
lion dollars. Where so large an amount is involved, we can
afford few mistakes in location and development.

THE GEORGIA MINERAL LABORATORY*
L. H. TURNER

Chief Chemist, Department of anes, Mining, and Geodlogy

Introduction

Since 1937, the Georgia Department of Mines, Mining and
Geology has operated a minerals testing laboratory, which at
the present time is housed in Room 131, State Capitol Build-

“ing.. The laboratory through the years has greatly expanded
its program, so that at the present time it engages in many
branches of mineral chemistry. Many types of analyses are
requested by the field geologists of the Georgia Geological
Survey, and many types of service analyses are made for peo-
ple all over the State. An important function of the Depart-
ment of Mines is to assist the people to become familiar with
their mineral resources, and to encourage them to bring in
samples for identification. If their samples contain metals
of importance, the percentage composition is determined in
the mineral laboratory and sent to the person submitting the
sample.

The value of a quantitative analysis depends greatly upon
the method whereby the sample is collected. For this reason,
property owners are urged to discuss methods of sampling
with the geologist. Many samples submitted by laymen are
not satisfactory for chemical analysis because they are not
representative of the deposit in question. In some cases, grab. -

*Read at the Meeting of the Georgia Academy of Science, Oglethorpe Uni-
versity, April 21, 1950. -
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samples are adequate, and in other cases, channel samples
are necessary.

Minerals Investigated ;

Georgia has more than 35 known commercial minerals,
metals and rocks. Many of these are already mined, whilst
other as yet have undeveloped industrial possibilities. Before
any mineral deposit can be developed, representative speci-
mens of the ore or mineral must be analyzed to establish the
mineral content; the deposit must be prospected to determine
its extent; and, if needed, capital must be found to finance
its development and market its products.

Among the various minerals, ores, and clays submitted for
assay are the following: asbestos; barite, or heavy spar;
bauxite; bentonite; calcite; chalcopyrite; chert, which is a
form of flint; chlorite; chromite; clays of many varieties;
coal; feldspars; copper-bearing minerals; dolomite; fluor-
spar; fullers earth ; occasionally galena, or lead sulfide; gold-
bearing ores of every description; gypsum ; iron ores of every
description; kyanite; lime rock, manganese minerals; mica
minerals; phosphate rock; quartz; pyrite; sandstone; sands
of every description; serpentine; tales of many varieties; ti-
- tanium mineralss and-graphite-bearing-roeks: - -+ ooo

During the past eight years, 3,942 samples of various ores
and minerals have been, prepared for assay, which consists in
drying the material, if wet, crushing to a uniform size in a jaw
crusher, and grinding the crushed material to a fine powder,
100-mesh, or finer if necessary. It is then ready for fire assay
or wet assay. '

During this same period, 1,180 physical determinations
have been made which consist chiefly in milling, panning the |
material to make a concentrate or to separate the metals in
the sample by selective flotation, or making expansion tests in
a furnace at a high temperature.

Gold Assays

Within' the past eight years, 1,296 fire assays have been
inade for gold or silver, principally for gold. This is a branch
of quantitative analysis in which metals are determined in
ores by extracting and weighing them in the metallic state.
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The method employed invokes slag-melting temperatures, and
the use of reducing, oxidizing and fluxing reagents. Some
fluxing reagents have only one property, as, for instance,
silica, and acid flux; others have several different properties,
as litharge, a basic flux, but also an oxidizing and desulphur-
izing agent.

A flux converts compounds infusable at a certain tempera-
ture into others which melt at this temperature. For instance,
quartz by itself is fusable at a very high temperature, 1420
deg. C., but if some sodium carbonate is added to the pul-
verized quartz, it can easily be fused at a temperature easily
obtained in the assay furnace. Silica is an acid flux and
should be used for ores which are basic in character, such as
calcite, dolomite, barites, fluorspar, also for ores containing
large quantities of iron oxides and carbonates with little or no
silica. It also protects the crucibles from the action of the
litharge.

Research Projects

To keep pace with the expanding demand for new and
. additional mineral products, and as a means of procuring new
sources of increased income for Georgia’s people, research
‘experiments are carried on in the mineral laboratory in an
effort to determine new uses for certain rocks and their

minerals. : ‘

Besides the large number of subjects covered during the
past ten years, considerable research work has been done on
the following projects:

Investigation of the several components of chalcopyrite
(Copper Pyrites) and a chemical assay of the small amounts
of nickel, cobalt, manganese, iron, and alumina contained
therein.

The recovery of alumina from very low-grade bentonite
clays, with the possibility of utilizing these large deposits for
the production of alumina as a postwar project. The acid
treatment and fire treatment of kyanite and sillmanite in or-
der to ascertain if these materials could be used in the manu-
facture of high refractory ceramic products. The utilization
of sap brown in combination with certain clays, as a filler
for ceramic manufacture. Sap Brown is principally used in
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making Van Dyke brown, which is used in the manufacture
of paint, wood stains, and inks, or to-mix with aniline dyes.
Sap brown is a peculiar silica sand, believed to be formed by
the precipitation of azo-humic acids dissolved 'in stream or
ground water by iron salts, sea-water, and organic material.

A considerable amount of work was devoted to many so-
called “physical” tests, such as milling, panning various metal-
lic and npn—metalhc materials, and selective flotation experi-
ments on mica, graphite, and sericite schists, as well as count-
less fire tests in the furnace on miscellaneous clays, schists
and granites, to determine their relative expansion or shrink-
age properties, to ascertain their-value and use in the manu-
facture of pottery and other ceramic products.

An 1mproved method was used for the determmatlon of
sulphur in pyrite, using liquid bromine, carbon tetrachloride
and nitric acid for oxidization. Sulphur is oxidized to a
bromine compound in the carbon tetrachloride treatment.
Subsequent addition of nitric acid causes the oxidization of
this to sulfate. Silica is then dehydrated out, the iron origi-
nally present in the sample is reduced by boiling with pow-
dered aluminum, removed by filtration and the sulphur pre-
cipitated in the usual manner with barium chloride. :‘For-
.merly, in the cqn\{entlonal old method, the pyrite is decom-’
posed by fusion in a nickel or iron crucible with sodium car-
bonate and an oxidizing agent such as potassium nitrate or
sodium peroxide, thus contaminating the sample with the
Na or K ion, and the fusion mixture also attacks the iron or
nickel in the crucible. '

During 1947, a special investigation of Georgia tale made
with many chemical analyses of same, also a special research
investigation was made on forty-one limestones to determine
their physical and chemical constituents and thelr adaptabili-
ty to agricultural and chemical uses.

During 1948, many samples of pyrite from the Copper-
Pyrlte deposits were submitted by the U. S. Bureau of Mines,
for our examination and assay. Much time was devoted in a
special investigation for the Georgia State Highway Depart-
ment, consisting of many flotation experiments to determine
the cause of movement or so-called “slipping” of the materials
used in filling in the holes and depressions in various public
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highway localities, culverts and sidewalls under repair and
construction.

During the past year, many samples of gold-bearing pyrite
were submitted to the Department, to determine if the gold
content could be recovered at the mine without shipping the
crude ore or concentrate to a smelter or réfiner. After much
investigation, a chlorination process was adopted. This re-
quired the complete desulphurizing of the ore, which was
then treated with chlorine gas, by passing the gas through the
ore in a‘special apparatus. In these particular ore samples,
this chlorination process was very effective, and a recovery
of 97.4 per cent of the assay value was accomplished.

Considerable research work was done on the investigation
of the character of the material in the fill used in the roadbed
of the State-owned railroad, the N. C. & St. L. located near
the Allatoona dam. This was the then existing old roadbed
which the U. S. engineers in charge claimed would not be
affected by contact with any water pressure from the dam.

During the latter part of 1949, we received the somewhat
unusual request to test Chattahoochee River water for its gold
content (if any). Two large samples of five gallons each
were submitted for analysis. One sample was evaporated to
bone dryness, and the dry residue was then fire-assayed for
gold by the usual method. Absolutely no gold was recovered.
However, the other sample was treated with powdered wood
charcoal, which acted as a collector of the extremely minute
gold particles. After prolonged treatment, the charcoal was
removed by filtration and assayed for gold. The result showed -
merely a trace, so minute that it was too small to be weighed
or estimated.

During April and May of 1949, the greater part of these
months were devoted to the fire and chemical assay of 90
samples of ore obtained from the Magruder mine, located
in Lincoln County, Georgia. These samples were shipped to
us from the U. S. Bureau of Mines, Raleigh, N. C. Assays both
by fire and wet methods were made for gold, silver, copper,
lead and zinec.

During the last year research was done on uranium-bearing

rocks. A reliable and accurate technique was developed,
especially for complex material in which the percentage of
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uranium is present in small amounts. -

Clay Investigations

During the past few years, the clay mining industry in
Georgia has shown remarkable progress. The shales of north-
west Georgia have found extensive use in the manufacture of
bricks and tile. The brick and tile industry using the alluvial
clays of middle Georgia have greatly increased. The produc-
tion of sedimentary kaolin from middle Georgia as filler and
coating clays has greatly increased.

Clays have a variety of uses, as in the manufacture of

 china, white porcelain and sanitary ware, also, as a filler or

coating material in paper, wallpaper, rubber, paint, window

shades, oil ¢loth, textiles, kalsomine, plaster and plaster prod-

ucts, pottery, terra alba and stone ware, building brick, both

. face bricks and ornamental ; also, in the manufacture of sewer
., and drain pipe, and roofing tile.

Bentonite is an extremely plastic clay, used as a-bleaching
clay in filtering mineral and vegetable oils, also, as a plastic
agent in ceramic work and foundry moulds, and in cheap
grades of scouring soap. Georgia produces an excellent type

_of bleaching clay used in bleaching vegetable oils. It is a
very plastic clay. '

The composition of hematite is Fe; O, and it would contain,
if pure, 70 per cent iron and 30 per cent oxygen. This ore is
the source of most of the iron produced in the United States.
The characteristics of these ores for smelting in the blast fur-
nace depends largely on their physical structure. The hard,
lumpy ores are less reducible than soft ores or ores which are
fine and saridy. They are highly valued, however, because
they permit the free passage of ascending gas current in the
furnace stack. They present less surface to the action of the
gas than the very fine ores and their condition in the furnace
changes more gradually, causing the furnace to work better.

“These ores are the most highly valued of all varieties of iron
ore. :

Magnetite is ferric ferrous oxide (Fe;04), and contains, if
pure, 72.4 per cent iron, which is higher than any other oxide
occurring in nature. Being strongly magnetic, it separates

. well from the gangue, and since phosphorous is present in
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the gangue of the ore, magnetic concentration can be applied
to decrease the phosphorous content, thus simultaneously in-
creasing the iron content. '

Limestone Analyses

Limestone mining in Georgia has increased by leaps and
bounds. The primary source of lime rock is caused by the
decomposition of igneous rocks by carbonated waters, calcium
carbonate and magnesium carbonate are thus produced, which
pass into solution in ground water, springs, and streams, and
is later withdrawn by a variety of processes, depositing as a
chemical sediment, and much of the dissolved carbonate is
precipitated as a cement in other rocks, sandstone being a
good example.

Limestones which contain little or no magnesium carbonate,
and only a small percentage of impurities are known as high-
calcium limestones. If they contain a small per cent of potash
and phosphates, they are excellent for agricultural purposes,
and if the stone is hard and not easily powdered after being
burned, it is good material for the manufacture of lime for
building purposes.

Lime Rock for road material should contain a minimum of
80 per cent total carbonates, the remaining 20 per cent should
be free from organic matter or clay and should consist mainly
of silica. ‘ :

Limestone in the language of the blast furnace operators is
called “fluxing stone’”. It is a basic flux and is added to the
blast furnace charge to form a slag with the silica and
alumina, otherwise the impurities would unite with the iron
oxides to form double silicates of iron and alumina involving
a heavy loss of iron, hence a good lime rock for the manufac-
ture of pig iron should contain the least possible amount of
impurities, such as silica, alumina, and sulphur, and contain
high ‘‘available carbonate”. Impure lime rock forms addi-
tional slag, which requires extra fuel consumption, and the
extra slag requires extra coke, thus increasing the cost of
manufacture.

Water and Water Analysis

Water is our most important natural resource, and enor-
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mous quantities are used for domestic, industrial and agri-
cultural purposes. The suitability of water for such purposes
depends on its content of impurities, either in .solution or sus-
pension. Many water supplies require purification or treat-
ment to render them fit for the purpose intended. One De-
partment undertakes to analyze the multitude of water sam-
ples as submitted, in order to determine the quality of the
water, indicate the type of treatment needed, and suggest
to the consumer whatever is necessary to improve the water
for the particular use intended.

The greatest complaint that we have is odor or taste, or
both, and that fish die in ponds or lakes at certain times of
the year. Water is never found pure in nature. Rain water is
the nearest approach to chemically pure water, but it con-
tains small amounts of organic matter and dissolved gases,
" principally oxygen and carbon dioxide taken from the air.
The composition-of the ground over which it flows after fall-
ing to the earth will determine the additional impurities that
it absorbs. The earth’s surface contains large amounts of
mineral salts, such as the carbonates and sulphates of lime
and magnesia, which are dissolved by water. Underground
water will usually contain more dissolved minerals than sur-
face water but less suspended matter, the latter havmg been
- filtered out in percolating through the" earth o )

The impurities in water may be grouped under three head-
ings: dissolved, suspended and colloidal. The substances com-
monly found in solution consist principally of the chloride and
nitrate of calcium ; chloride, sulphate and bicarbonate of mag-
nesium; chloride, bicarbonate and sulphate of sodium; iron
and manganese compounds; alumina; and various trade
wastes.

The suspended impurities include mud and sand, clay, vege-
table and animal organism, trade waste and sewage, and bac-
teria. Colloidal suspensions consist of material so finely di-
vided that it cannot be seen under the microscope and exist-
ing in a state intermediate between true suspension and solu-
tion, but removable by filtration.

The color of water may be due to a number of conditions.
Mineral matter, such as finely divided silica, flint, sand, often
impart a turbidity or haziness; sandy particles or clay in sus-
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pension often cause a yellowish-white turbidity; and an ex-
cess of iron will impart an amber color to the water. Mineral
matters of various hues in the soil over which water perco-
lates or flows, as the usual causes of discoloration and tur-
bidity. If peroxide of iron is present, or much organic matter
is present, as water from bog lands, a brown color will be
imparted in the water. The total dissolved mineral solids,
often called “mineral debris” affords a clue to the nature of
the strata or soil through the water may pass.

Odors, which at times occur in water, are produced by the
growth, death, and decay of minute organisms known as
algae; but, however objectionable these odors and tastes may
be from an aesthetic standpoint, it has not been proved that
they are productive of disease. Other disagreeable odors may
result from decaying vegetable matter such as leaves. Well
waters may have offensive odors due to the presence in solu-
tion of hydrogen sulphide. Wastes from manufacturing
plants, including gas works, coke ovens, oil refineries, paper
mills, canneries, are frequently present in surface waters and
are responsible for bad taste and odor.

The hardness of water is an important fact for industrial
use. Hard water deposits scale in pipe lines and boilers and
is the cause of vast economic waste. In the laundry industry,
there is a waste of 1.7 lbs. of soap per 1,000 gallons of water
for each grain per gallon of hardness, and the precipitates
that are formed stick to the fabrics, leaving unsightly stains
on the clothes that are washed, and giving them a grayish
color.

In canning, hard water causes a toughening of beans and
peas; and in textile finishing, in fact in every department of
the textile industry, it is advantageous to have soft, colorless
water. Brewing, distilling, rayon manufacture, paper making,
and artificial ice manufacture require soft water. The large
amount of available soft water in Georgia is given as one im-
portant reason for the continued movement of textile and
other industries to the State.

Water that passes through calcareous or maghesium rocks,
such as limestone, marble, gypsum, chlorite and talcose
schists will yield hard water. The granites, gneisses, many-
sandstones and slates would furnish soft water. Sandstones
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in which the cementing material is carbonate or sulfate of
lime produce hard water, while, on the other hand, if the
cementing material is feldspar, such as orthoclase or even
gelatinous silica, the water will probably be soft.

Our common food and game fish die in water which lacks
oxygen. Where oxygen deficiencies occur in ponds, lakes or
streams, the fish either die or retreat into the mouths of tribu-
taries and back. waters where there is more oxygen. Fish
usually die during the night when algae and other green
plants use oxygen rather than produce it by photosynthesis as
they do in the sunlight. Most common food and game fish
require about three parts per million-of dissolved oxygen at
all seasons of the year, with the exception of the black bull-
head. Certain kinds of fish which live in small swift streams
may require four or more parts per million. Organic waste
from factories  which pollute a stream will stimulate the
growth of bacteria, which reduce oxygen below the lethal
pojnt for fish. In polluted lakes and ponds which show
thermal stratification in summer, or are covered over with ice
in the winter, the oxygen deficiency is most pronounced.

DIFFERENTIAL THERMAL ANALYSIS OF
___SOME PALEOZOIC SHALES*

" ROBERT W. DARLING

Emory University

The purpose of this investigation was to determine the
validity of differential thermal analysis in the correlation of
Paleozoic shales. They were selected only because their high
clay content renders them ideal for this type of analysis.
There is no reason why this same analytic procedure could
not be used upon other materials such as the insoluble resi-
dues of limestones. The formations considered in this report
are the Gizzard, Red Mountain, and Chattanooga shales. All
samples were taken in the Cooper Heights area of Lookout
Mountain in Northwest Georgia and are composite samples
across the exposure.

Figure 1 indicates the areas from which samples were

*Read at the Meeting of the Georgia Academy of Science, Agnes Scott Col-
lege, April 18, 1952,
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taken. Number 1, 2 and 3 are Gizzard shale; 4, 9, 10, and 11
are Red Mountain shale; and 5 and 8 are Chattanooga black
shale. A greater number of samples were actually collected
and more than one determination made of each, but for
brevity and clarity only representative determinations are
described.

Briefly described, the differential thermal analysis method
is based upon the principle that many substances exhibit
chemical and physical changes when heated. These changes
are indicated by exothermic or endothermic reactions. Loss
of water or carbon dioxide yields an endothermic reaction
whereas crystallization and the burning of organic matter
liberates heat and gives exothermic reactions. By heating a
sample along with an inert control, relative temperature dif-
ferences may be secured throughout the heating range that
are characteristic of the sample material.

Figure 2 is a schematic diagram of the differential thermal
analysis equipment. The apparatus consists basically of a
nickel block containing three thermocouples. Two thermo-
couples are connected differentially to a galvanometer where
the relative temperature differences are read. A sample is
placed in one of these thermocouple cells and a blank such
as aluminum oxide is placed in the other. The third is con-
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nected directly to a milliammeter for reading the tempera-
ture of the block. By plotting relative temperature differ-
ences as indicated upon the galvanometer, against the tem-
peratures of the whole block a characteristic curve is secured
for the sample. Standardization of procedure is essential
because of the many variables, such as thermal lag, induction,
voltage fluctuations, fineness of sample, and rate of tempera-
ture rise. The goal of differential thermal analysis is simply
the elimination of all variables except the one sought.

Samples should be finer than 100 mesh. To secure material
of this fineness the shale samples were crushed, ground in a
ball mill, rough screened, and elutriated. Elutriation con-
sisted of allowing a well mixed suspension of the rough-
screened material to stand for 15 minutes. This interval was
sufficient to allow the grains greater than .015 mm. to settle.
The supernatant suspensoid was then decanted off and al-
lowed to stand overnight. All material obtained from this
second residue was used for the analysis. Drying under gentle
heat and disentegration of lumps was all the additional treat-
ment necessary.

Figure 8 illustrates the final curves. It should be noted

- SIMPLIFIED-DIAGRAM -~ —— .
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that no identification of mineral constituents was attempted.
Curves are interpreted solely on a mutually comparative
basis.

The first set of curves is typical of the Gizzard shale from
the top of Lookout Mountain. All curves on this shale were
similar. The only pronounced variation occurs at the 700°
exothermic peak. Its width appears to vary according to the
stratigraphic elevation of the sample. The widest peak is
from a sample taken at Bower’s Gap on the rim of the moun-
tain, and the narrowest is from the lowest stratigraphic sam-
ple taken along the scenic highway.

The second set of curves is typical of the Red Mountain
shale. They are again similar to each other. The 560° endo-
thermic peak appears consistently as with the Gizzard shales
but the lows are not so pronounced in amplitude and the final
exothermic peak is not evident. The Gizzard and Red Moun-
tain shales are very easily distinguished on the basis of curve
characteristics.

The last set of curves is typical of the Chattanooga black
shale. This shale exhibits a comparatively strong endo-

| Gizzard shale

Red Mtn. Shak

c°-0 I(.?O 2[00 300 400 5’00 6|00 7|00 800 200 1000

Figure 3. Thermal Analysis of Shales.
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thermic low at about 120° C. Little variation is evident be-
yond this initial peak. The long steady exothermic high,
gradually declining at higher temperatures, is interpreted as
the burning of carbonaceous matter within the shale. This is
supported by the change in color after the analysis. Before
heating the Chattanooga is black, but after heating to about
940° C, it becomes brick red.

It can be seen from the graphs that the shales considered
may be distinguished and identified upon the basis of com-
parative differential thermal curves. The thermal character-
istics of one shale do not necessarily hold true for ancther,
on the contrary many differences are noted which may be
duplicated upon samples of the same formation.

Although this investigation was of a-preliminary character
and the results, therefore, not necessarily conclusive, the fa-
vorable results obtained indicate that further work should
be undertaken. Whereas a basis for rough shale correlation
has been tentatively established within a limited area, further
investigation should determine the validity of thermal analy-
sis as applied to formations other than shales. The value of
this method must also be determined for greater areal cor-
relations and for finer more detailed correlations within a-
_ given formation.
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CLAYS OF GEORGIA: PROGRESS AND PLANS*
) D. W. GATES-
Georgia Institute of Technology

Wilson (1927) stated “although clay-working is one of the
oldest industries of man and has progressed through the cen-
turies, yet its technical development has been slow when

*Read at the Meeting of the Georgia Academy of Science, Agnes Scott Col-
- lege, April 18, 1952.
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compared with many younger industries which might be
called the children of modern engineering and chemical re-
search. This is probably due to the inadequacy of the con-
temporary general research when applied to the ceramic
problems of suspensions, plastic working conditions, and sili-
cate fusions. . . . The artistic side of pottery ceramics was
developed centuries ago and the original potter’s wheel is
thought by some to have been man’s first machine. . . . Prac-
tical experience and ‘cut and try’ methods are still the prin-
cipal factors in commercial research.”

Colloid chemistry, close measurement and control of high
temperatures, the electron microscope, and advanced x-ray
techniques now seem to offer a solution. We hope with this
project to characterize samples by several methods of exami-
nation, and to relate the characteristics of the processed clay
to both the raw material and effect of the process. Usefulness
and market value of Georgia clays may be extended by more
fundamental knowledge of the constituents and of the impuri-
ties. Under Dr. H. H. Cudd, Head of the Chemical Sciences
Division of the State Engineering Experiment Station, there
are four groups working in cooperation. They are:

1. Chemical

2. Electron & Optical Microscopy
3. X-Ray Diffraction

4. Ceramic

These groups are studying the relation between cause and
effect in material phenomena, rather than starting with an
intention to apply, and thus, the clay project might be called
fundamental research.

THE PURPOSE OF THE CHEMICAL ANALYSIS OF CLAYS

There are two methods of quantitatively analyzing clay.
One is known as the rational analysis and the other as the
chemical or ultimate analysis.

In rational analysis, composition is expressed in terms of
mineral compounds present, such as:

Kaolinite 62.40 %
Orthoclase 5.56 %
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Anorthite 2.74%

Total feldspar ’ 8.80 %
Quartz 28.00 %
Limonite 1.80%

Several methods have been proposed for the rational analy-
sis of clays, but most, if not all, are unsatisfactory. Calcula-
tions of rational composition are made from chemical or ulti-
mate analysis but this method is open to criticism.

The ultimate or chemical analysis of clay is tedious and
exacting, but the results may give valuable information about
the clay.

All the constituents of a clay influence its behavior in one
way or another, their effects often being noticeable when only
small amounts are present. The various accessory constituents
in clays have different effects. Many promote fusion, but
‘some are more active than others. Some are influential in
developing color. In a general way, the finer the accessory
minerals and the more evenly they are distributed, the greater
their effect in producing changes.

- The chemical analysis of a clay may_give some indication

 of its behavior or suitability for a given use, but its value may
be limited because it" does not show the exact minerals in
which the elements are combined, the fineness of the grain,
and other factors upon which physical properties depend.
Some examples may serve to illustrate the value of chemical
analysis.

Hydrous iron oxide has both a coloring effect and a flux-
ing effect in firing. The presence of even a small percent is
often sufficient to produce a noticeable color in a fired clay
and, hence, is an injurious constituent of kaolins for certain
uses. Concretions of hydrous iron oxide cause fused blotches
and black specks that are detrimental to the ware. In gen-
eral, a clay containing less than 1% Fe,Q; fires practically
white ; between 1 and 2% fires t0 a cream color; increasing
amounts over 2% fire to cream buff to red colors. The color
to which a clay will fire cannot, however, always be accu-
rately predicted from the amount of Fe.O03. Other factors
may be involved.
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Rutile, TiO,, appears to be a wide-spread mineral in clays,
but never in large amounts or in large grains. It is usually
observed in the form of microscopic grains or needles. The
chemical analyses of the Georgia kaolins all show TiO,,
usually between 1 and 2 %, but it is probable that all the TiO.
is not derived from rutile. It may be present as titonite, Ca
TiSiOs, or ilmenite, FeTiOs;.

Titanium seems to have both a fluxing and a coloring ac-
tion. Even small amounts will lower the pyrometric-cone
equivalent of a clay a cone or two. TiOs, under reducing con-
ditions, gives the fired clay a bluish grey color and, under
oxidizing conditions, a yellowish color. The bluish color is
somewhat less pronounced in the presence of free silica. Final
color and depth of shade depend upon several things:

(1) The amount of iron in the clay

(2) The minerals or chemical combination in which the
iron is present.

(8) The size of the particles

(4) The presence of other minerals which may influence
color

(5) The temperature of firing
(6) The degree of fusion
(7) The conditions of the kiln atmosphere

ELECTRON MICROSCOPY

The electron microscopy laboratory includes: an electron
microscope for viewing samples at magnifications between
1000 x and 100,000 x; a shadowing device for vacuum metal
evaporation and deposition of thin films; and optical micro-
scopes including phase contrast, steroscopic, vertical illumi-
nation, and bright and dark field as well as optical com-
parator for fine measuring. By means of the enumerated
apparatus we hope to gain fundamental information from
samples of Georgia clays. From these several clays, a pos-
sible ““typical clay” will be determined and this will be ex-
amined by all the means at our disposal and cut into fraec-
tions for particle size distribution. The various size fractions
will be studied again by the same methods.

b
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Some of the methods of separation might be: a centrifuge
for high speed work; an air elutriator if wetting upsets a
particular measure; and screens for those particles larger
than 325 mesh. Stokes law is used as a basis for sedimenta-
tion .methods and the centrifuge. Screen separation is of
small use for clay particle size determination because be-
tween 50 and 80% of the material may be under 2 microns
in size. A number 325 mesh screen, which is about the small-
est mesh opening practical, passes 44 micron particles. A 200
mesh screen, often set as the lower mesh-opening size in plant -
work, passes a 74 micron particle.

We now have pictures illustrating the plate-like crystals of
clay. These are thought to be alternate layers of alumina and
silica bonded together through oxygen bridges. The mechan-
ism of building up of these layered particles into stacks is not
clearly understood, but the inter particle layer may consist of
a gel.

X-RAY

The Station has available geiger-counter spectrometer-
gonimeter, in addition to the usual powder cameras. It is
expected that the relatively high resolution of the spectrome-
ter will make the instrument useful at low angles of diffrac-
tioti. " In general, it is i thése low angles where differentia-
tion between clay minerals is best made. The accurate inten-
sity measurements possible with this instrument might con-
ceivably make quantative evaluation possible. Attempts will
be made to establish the standard diffraction patterns. This
work will be guided by that done by Brindly (1951), H. W.
van der Marel (1950), and the American Petroleum Institute
(1950).

)

CERAMICS

The ceramics laboratory has available: reflection and glos-
someters; PCE furnaces for measuring melting and firing
" characteristics; furnaces for firing sample objects; viscoso-
meter and pH meters for determining rheological properties;
and differential thermal analysis apparatus for evaluating
the effect of heat on clays and identification of type. We
hope to-gain clues to geophysical-chemical relationships in
formation and physical characteristics of clay in a plastic and
dry condition. The effect. of heat and resultant chemical and
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physical changes will be examined with melting, fusion, and
crystallizations of silicates as primary focus.

Georgia kaolin deposits are one of the state’s more valuable
mineral resources and are presently used in rubber manufac-
ture, paper products, adhesives, insecticides, and ceramics.
In the fine-china field, the usefulness and market value has
been extended by every advance in fundamental knowliedge
of the principal constituents and impurities. Knowledge of
the efflorescence and scumming of structural products, and
the process and products of vitrification, are becoming more
and more essential. Properties of ceramic mixes, as used in
many fields, depend upon plasticity, particle size, shape, and
distribution, and chemical additives. Handling and purifica-
tion are of interest with a view toward extending the quan-
tity of higher grade clays recovered and making that fraction
recovered more suitable for use.

Rational analysis is only of relative value; chemical analy-
sis may give sufficient data for known compounds, but only
modern colloid-physics, x-ray, and electron microscope make
possible identification of montmorillonite clays and halloysite.
Differential thermal analysis is becoming of greater value as
equipment is improved and is especially useful in combina-
tion with the above methods.

In essence, man has thus far applied clay and associated
materials only to those uses for which it is obviously and su-
perficially fitted. With the logical application of basic re-
search and the abolition of pre-conceived limitations, these
materials may possibly display yet-unknown features. New
horizons of fundamental application may be opened by a
determination of the exact basic nature of these materials and
their use in science and industry may be more accurately
realized. Although it is hoped that the information will even-
tually be of practical value, the problem is being attacked
in a systematic manner to enlarge fundamental knowledge.

It is apparent from the foregoing discussion that every
ability, technique, and facility at the Engineering Experiment
Station will be utilized in adding to the basic knowledge of
the physical and chemical structure of clays and clay minerals.
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THE UTILIZATION OF LITHONIA MIGMATITE
IN AGRICULTURE*

A. T. NAVARRE
Georgia Institute of Technology

Previous Use of Granitic Material. The use of granitic
rocks for agricultural purposes dates back more than half a
century. Hensel (1894), a German chemist interested in plant
nutrition, noted the difference between plants growing in
virgin soil, near the base of the Harz mountains, and others
_grown in worn-out soil. He decided to try finely ground

granite dust with lime and gypsum. His mixture consisted of
ten parts granite, three parts lime, and two parts gypsum.
The soil so treated not only produced well, but the vegetation
wag of superior quality, and free from parasitic growth. The
root systems of the plants grown on soil treated with granite
dust, lime, and gypsum produced extraordinary development.
Hensel deduced that parasitic pests so common to plant life
might owe their origin in impoverished soil, upsetting na-
ture’s equilibrium. He noted the spurious growth made by
unbalanced nitrogen fertilization in the lodging of wheat and
other cereals.

Hensel was faced with the old claim that granite dust is
insoluble in soil water, which no longer bears argument since
the discovery that cation exchange takes place in soil solu-
tions quite readily (Kelley, 1948 ; Lyon and Buckman, 1948).
Davidson (1951), coowner of the Stonemo Quarries, at Li-

*Read at the meeting of the Georgia Academy of Science, Agnes Scott
College, April 18, 1952.
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thonia, Georgia, made experiments with crushed migmatite
on fruit trees, grasses, and grain crops. These experiments
confirm the fact that significant benefit is derived from the
use of the granitic dust through better plant growth, healthier
root systems, greater resistance to disease and frost.

Chemical Elements Required In Plant Growth. Nitrogen,
phosphorus, potassium, iron, manganese, copper, carbon, cal-
cium, magnesium, sulfur, zinc, and boron are required by
most plants. A few require others. It is not the intention of
the writer to enter into descriptions of the functions of each
of the aforesaid elements in plant nutrition. The reader is
referred to Lyon and Buckman (1943) for a detailed descrip-
tion of the function of each.

Most chemical fertilizers usually supply nitrogen, phos-
phorus, and potash according to a specified formula guaran-
teed by the manufacturer. The three elements are not, how-
ever, a complete fertilizer in the sense that they fail to fur-
nish some of the lesser elements needed by plants for healthy
growth. Some fertilizer corporations are gradually coming
around to Kelley’s (1948) and Lyon’s and Buckman’s (1943)
viewpoint, that lesser elements like magnesium, copper, zine,
sulfur, boron, manganese, and others are necessary in'a prop-
er balance for specified agricultural crops.

Collings (1948) states: “Up until a few years ago most of
the complete fertilizers found on the American market were
acid forming, and their use led to an increase in the acidity
of the soil.” Non-acid forming fertilizers are now manufac-
tured, so that the physiologically acidic and physiologically
basic carriers of nutrient materials will balance each other
in cation exchange.

Migmatite Dust is Neutral in Distilled Water. Migmatite
dust is neutral when left standing for 48 hours in distilled
water in contact with blue and red litmus paper at ordinary
air temperatures. This is true of granite dust (Eaton, 1951).
When subjected to leaching in heated distilled water for 48
hours under controlled conditions, Ingolls and Navarre (1952)
discovered that the pH of the average Lithonia migmatite
was 9.8. This count of pH is distinctly alkaline, indicating
that alkali elements sodium and potassium, and alkaline earth
elements, calcium and magnesium, were released under
heated-water conditions. This same analysis showed the pres-
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ence of 380 milligrams per 100 grams water of dissolved cal-
cium and magnesium present in the controlled solution of
average leached Lithonia migmatite dust.

Elements Present in the Average Migmatite Dust. Twenty-
one elements were found to be present in the Lithonia mig-
matite dust when crushed to 80 mesh. Phosphorus, nitrogen,
fluorine, and so forth do not show up in a spectroscopic
analysis.

The elements ascertained present in a spectographic analy-
sig were Al, Si, Ca, K, Na, Fe, Mg, Ti, Mn, Cr, V, Cu, Pb, Zn,
Zr, Ni, Ag, and Y. The strength of these elements and their
comparison with other granite dusts analyzed spectrographi-
cally by Spicer (1951) are shown in Table I

TABLE I
Comparative Analyses of Granites
Mt. Airy - Lithonia
Lithonia- Cammack Granite Barre Migmatite,
Element Migmatite  Granite North Granite Garnet
Average Ga. Carolina Vermont Phase
Al S S S S S
Si S S S S S
Ca S S S S S
- Na - g g e g S
K S S S S S
Fe- M M M M M
Mg less than S S M M M
Ti S S M M M
Mn M M F M V.S.
Sro F w T M ?
Cr T T T+ % X
A\ T F F F X
Ba X T F % X
Cu T T T T X
Pb A\ T w W T
Zn T W T W T
Zr w W w W M
Ni w w T W X
Ag T4 ? T T M
Y w X X X X
Sn ? ? X w X
Co X X X X T

Source: Spectrographic Analyses made by W. M. Spicer,
Chemistry Department, Georgia Institute of Technology.



Comparative Analyses Granites & Gneisses

TABLE II

(%)

Rock Locality SiO2 Al2Os Fe203 FeO MgO CaO Na20 K20 P20s
Granite York County 70.77 14.89 N 1.24 43 2.08 4.47 470 Trace

8. Carolina
Granite Laurens Cy.

S. Carolina 68.80 15.73 2.14 1.57 1.16 1.64 3.45 4.54  Trace
Granite
Gneiss Conyers, Ga. 75.45 13.71 92 .18 .94 3.87 4.30 .
Granite
Gneiss Lithonia, Ga. 72.96 14.70 1.28 . .07 1.28 4.18 4.74 .
Granite Stone Mt.

Georgia 71.66 16.05 86 .. A7 1.07 4.66 4,92 Trace
Granite Barre, Vt. - 68.89 15.08 1.04 1.46 .66  2.07 4.73 4.29  Trace
Granite Lexington 73.10 13.82 .93 1.43 51 1.72 3.04 5.06 Trace
Gneiss N. Carolina : ’
Granite
Gneiss Lithonia, Ga. 75.16 1374 .91 A7 91 3.76 5.06 .
Granite Cammack, Ga. 75.64 13.82 1.62 .. .01 .85 4.32 231 ...
Granite Mt. Airy '

N. Carolina 66.01 17.44 5.62 ... 1.11 1.44 5.06 316 ...

Source: Washington, U. S. G. S. Prof. Paper 99. .

VIDEOIY) J0 XDOTOEVHOUY ANV AHIVIOOED
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Rechecks were made on previous analyses of some of the
granites and gneisses complied by Washington (1917) show-
ing the oxide components made by regular quantitative chemi-
cal procedure (Table II).

The Lithonia migmatite in the two analyses compare very
favorably with other gneisses and granites in potassium con-
tent. The Lithonia (average phase) is quite variable in dif-
ferent parts with respect to potassium content, when such is
made spectrographically. The two volumetric analyses bear
out this observation. The same variability holds true for lime,
magnesia, and other components, regardless of method of
analysis. '

History of Trace Element Necessity in Plant Nutrition:
Research in the utilization of trace element requirements by
plants dates back some 20 years, during which time some
very important discoveries have been made as to the function
played by each element in plant growth. Collings (1948) and
Lyon and Buckman (1943) discuss the value of trace elements
~in plant nutrition very fully, including the effect of lack of
trace elements on plant diseases. Medical men are, likewise,
interested in trace element research as to its effects on human
nutrition, including tendencies toward certain diseases pro-

duced by a diet constantly lacking in the required small
~ amount of such elements. ‘

Lack of Required Trace Elements in Scils. Many soils, in
their virgin state of fertility, once contained many of the
required elements. Others never contained many of them due
to their geologic origin. It behooves the agriculturist, there-
fore, to study his soil origin and the proper requirements of
the various chemical elements in the soil where his plants
grow. Horticulturists are, likewise, convinced that certain
trace elements can be very beneficial to tree types grown
by them and in preventing the inroads of malnutritional dis-
eases now infiltrating their orchards.

Florida Experiment With Lithonia Migmatite. A plantation
owned by a Fort Lauderdale, Florida, planter and situated
four miles west of Boca Raton, on the eastern coast of Florida,
wag the site of an experiment during 1951. A portion was
“treated with a combination of 1000 pounds of finely-ground
raw phosphate rock and 2000 pounds of “Hybro-Tite”, mig-
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matite dust, from Stonemo Quarries, Lithonia, Georgia. An-
other portion was untreated.

The soil was poor and supported little vegetation. It is a
white, medium-grained sand, containing a trace of calcium
carbonate. Large parts are “sand barrens’, which support
no vegetation. Elsewhere, native flora consists of a few scar-
red pitch pines, puny palmettos, and sparse grass. About 80
acres was a four-year-old orange grove.

On the experimental acreage, a limespreader charged with
the migmatite-phosphate combination was followed by a disc
harrow. The experimental plot consisted of about 200 acres
of cleared, scrub-pine land and a portion of the orange grove.
The former was then sowed to pangola grass, a non frost-
resisting member of the Bermuda family.

Table III shows the results of analyses of soil samples col-
lected before the experiment and afterward. The former
were by Dewitt (1951) and the second under the direction of
King (1952).

The results of the experiment are startling. The material
applied was supposed to be inert (non-water-soluble). Never-
theless, it is obvious that a large quantity of plant food had
been released in the course of the experiment. The figure for

TABLE III
Analyses of Boca Raton Soil
pounds/acres
Lab. Field Phosphate Potash Lime Magnesia
No. No. pH P20s X-0 CaOl MgO
Beforel! After

30 12 7.4 200 57-92 96 1800 15
31 22 5.2 210 57-92 96 1000 20
32 32 6.0 192 57-92 96 1100 20

33 4% 5.6 220 57-92 192 2120 20

1Dewitt (1951) previous to application of any fertilizer. Average of a
number of analyses.

2From experimental area planted to pangola grass after 1000 pound
pound phosphate-2000 pound migmatite application.

3From expe