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This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Ocmulgee National Monument, Georgia (OCMU).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

National Park Service (NPS) Geologic Resources Inventory (GRI) Program staff have assembled the
digital geologic-GIS data that accompanies this document.

For information about the status of GRI digital geologic-GIS data for a park contact:

Tim Connors
Geologist/GRI Mapping Contact
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 969-2093
fax: (303) 987-6792
email: Tim_Connors@nps.gov

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Service
1201 Oak Ridge Drive, Suite 200
Fort Collins, CO 80525
phone: (970) 491-6655
fax: (970) 225-3597
e-mail: stephanie.omeara@colostate.edu

mailto:Tim_Connors@nps.gov
mailto:stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the Earth is vital to understanding, managing, and protecting natural
resources. The Geologic Resources Inventory (GRI) helps make this connection by providing information
on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and shoreline
change. Geologic features include mountains, canyons, natural arches and bridges, minerals, rocks,
fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.
 
The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed management
decisions. 

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.
 

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff to
inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for the
park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be easily
viewed and analyzed in conjunction with a wide range of other resource management information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS Geology-
GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGISDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports present
a brief geologic history of the park and address specific properties of geologic units present in the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site visit
the GRI publications webpage http://www.nature.nps.gov/geology/inventory/gre_publications.cfm

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate park

http://www.nature.nps.gov/geology/inventory/gre_publications.cfm
http://irma.nps.gov/App/Reference/Search
http://irma.nps.gov/App/Reference/Search
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(s), enter “GRI” as a Search Text term, and then select the Search Button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: http://
www.nature.nps.gov/geology/inventory, or contact:

Bruce Heise
Inventory Coordinator
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 969-2017
fax: (303) 987-6792
email: Bruce_Heise@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS) Inventory
and Monitoring (I&M) Division.

mailto:Bruce_Heise@nps.gov
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Ocmulgee National Monument, Georgia (OCMU):

Digital Geologic Map of the Eastern Portion of Ocmulgee National Monument, Georgia (GRI
MapCode OCME)

Hetrick, J.H. and Friddell, M.S., 1990, A Geologic Atlas of the Central Georgia Kaolin District,
Environmental Protection Division, Georgia Department of Natural Resources, Geologic Atlas GA-6,
plate 2, 1:100,000 scale. (GRI Source Map ID 63248).

Digital Geologic Map of the Western Portion of Ocmulgee National Monument, Georgia (GRI
MapCode OCMW)

LeGrand, H.E., 1962, Geology and Ground-water Resources of the Macon Area, Georgia, Environmental
Protection Division, Georgia Department of Natural Resources, Bulletin 72, Figure 2, 1:181,000 scale. (
GRI Source Map ID 74074).

Additional information pertaining to each source map is also presented in the Source Map Information
tables included with the GRI geology-GIS data.

**For each GRI digital geologic-GIS map only a portion of the source publication was used, and thus
what is presented in the GRI digital geologic-GIS data, and this document is only a subset of the full
source publications.
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Digital Geologic Map of the Eastern Portion of Ocmulgee
National Monument

OCME Map Unit List

The geologic units present in the GRI Digital Geologic Map of the Eastern Portion of Ocmulgee National
Monument are listed below.  Units are listed with their assigned unit symbol and unit name (e.g., Qal -
Quaternary Alluvium). Units are listed from youngest to oldest.  No description for water is provided. 
Information about each geologic unit is also presented this dataset's Geologic Unit Information
(OCMEUNIT) table included with the GRI geology-GIS data.

Quaternary
Qal - Quaternary Alluvium

Upper Eocene to Quaternary
QTr - Residuum from Upper Eocene and younger sediments

Tertiary to Quaternary
QTa - Tertiary-Quaternary Alluvium

Upper Cretaceous to recent
QTKu - Upper Cretaceous-Recent undifferentiated

Miocene
Ma - Altamaha Formation

Upper Eocene
Tb - Barnwell Group

Paleocene to Middle Eocene
Th - Huber Formation

Upper Cretaceous
Kg - Gaillard Formation

Paleozoic
Pzu - Paleozoic undifferentiated



OCMU GRI Map Document6

2012 NPS Geologic Resources Inventory Program

OCME Map Unit Descriptions

Descriptions of geologic map units present on the GRI eastern portion map, generally listed from
youngest to oldest, are presented below.  Unit ages listed from one period of geologic time to another (e.
g., Tertiary to Quaternary) are listed from "oldest to youngest" despite the format the source publication
used.  Some unit descriptions refer to units not present in the GRI digital geologic-GIS data.  Refer to
the actual source publication for information about these units.

Qal - Quaternary Alluvium (Quaternary)

Clayey to silty fine- to coarse grained sand, well-to very poorly sorted; contains sand bars, clay beds,

lenses and stringers of gravel, and organic material, massive to crudely bedded, locally cross bedded. (

GRI Source Map ID 63248) (Geologic Atlas GA-6).

QTr - Residuum from Upper Eocene and younger sediments (Upper Eocene to
Quaternary)

Slightly pebbly, clayey to silty, fine- to very coarse-grained sand, well- to very poorly sorted; generally

non-bedded, generally high iron oxide content, locally indurated. (GRI Source Map ID 63248) (Geologic

Atlas GA-6).

QTa - Tertiary-Quaternary Alluvium (Tertiary to Quaternary)

Clayey to silty fine- to very coarse-grained sand, very poorly sorted; contains lenses and stringers of

gravel, locally high iron oxide content; crudely bedded, locally prominently cross-bedded. (GRI Source

Map ID 63248) (Geologic Atlas GA-6).

QTKu - Upper Cretaceous-Recent undifferentiated (Upper Cretaceous to
recent)

Sands, clays, and gravels. (GRI Source Map ID 63248) (Geologic Atlas GA-6).

Ma - Altamaha Formation (Miocene)

Clayey sand to clayey gravel; sands are fine-grained to very coarse-grained, generally very poorly sorted;

locally cross-bedded, generally thick and massive-bedded, locally indurated. (GRI Source Map ID

63248) (Geologic Atlas GA-6).
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Tb - Barnwell Group (Upper Eocene)

Silty to sandy clay, clayey sand, sand, pebbly sand, limestone, generally fine- to medium-grained and

well to moderately sorted, locally coarse-grained to pebbly and poorly sorted, bedding varies from

laminar to thin distinct to medium indistinct, locally prominently cross-bedded, locally indurated, locally

chert replaces limestone, locally sand forms steep gulllies. (GRI Source Map ID 63248) (Geologic Atlas

GA-6).

Th - Huber Formation (Paleocene to Middle Eocene)

Slightly pebbly sand and clay; sand is medium- to very coarse-grained, moderately to poorly sorted,

medium-bedded, undulatory to cross-bedded; contains numerous clay clasts and cut and fill structures,

contains commercial grade 'hard' kaolin beds, locally pseudobauxite cobbles occur in upper portions. (

GRI Source Map ID 63248) (Geologic Atlas GA-6).

Kg - Gaillard Formation (Upper Cretaceous)

Pebbly sand and clay; sand is medium- to very coarse-grained, poorly sorted, coarsely micaceous,

bedding commonly indistinct and thick, localy cross-bedded; contains clay clasts; contains commercial

grade 'soft' kaolin beds. (GRI Source Map ID 63248) (Geologic Atlas GA-6).

Pzu - Paleozoic undifferentiated (Paleozoic)

Gneisses, schists, granites, and phyllites. (GRI Source Map ID 63248) (Geologic Atlas GA-6).

Geologic Atlas GA-6

Hetrick, J.H. and Friddell, M.S., 1990, A Geologic Atlas of the Central Georgia Kaolin District,
Environmental Protection Division, Georgia Department of Natural Resources, Geologic Atlas GA-6,
plate 2, 1:100,000 scale. (GRI Source Map ID 63248).
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Geologic Atlas GA-6 Location Map

Extracted from: (Geologic Atlas GA-6)

Geologic Atlas GA-6 Report

A GEOLOGIC ATLAS OF THE CENTRAL GEORGIA KAOLIN DISTRICT

** The report below discusses units, features and graphics present on the source publication even
though only a subset of these are actually within the extent of the GRI digital geologic-GIS data.

INTRODUCTION

Geologic maps of the Coastal Plain sediments in the Macon-Sandersville area are especially important
because the area: 1) is a major source of commercial kaolin, 2) contains a large portion of the recharge
area of the Cretaceous Aquifer System, and 3) contains smectitic clays which (a) have potential
commercial value and (b) present localized construction difficulties due to their load bearing instability.

The map area also includes some of the metamorphic and igneous rocks which occur north of the Fall
Line and are the source materials for a number of active quarries producing crushed aggregate and
building stone. However, the emphasis of this atlas is on Coastal Plain sediments and no differentiation
of rock types was made for the Piedmont.

The bulk of the data was compiled from open-file reports (Buie and others, 1979; Hetrick and Friddell,
1983) which were published at different scales (1:24,000; 1:62,500; 1:100,000). Additional field mapping
was done by the current authors; however, this mapping resulted in only minor alteration to the outcrop
patterns found in the open-file reports. The atlas includes one geologic map at a scale of 1:100,000 and
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two structure contour maps at the same scale.

ACKNOWLEDGEMENTS

The authors are appreciative of information and assistance provided by employees of kaolin companies
located within the map area. All of the companies contacted readily supplied information and other
assistance. Some of the individuals who were especially helpful are David Avant, Peter Edenfield, Russ
Foote, Randy Hughes, Bill Mallory, Walter Payne, Sam Pickering, and Paul Thiele.

DESCRIPTION OF GEOLOGIC MAP UNITS

The following is a general description of the lithostratigraphic units exposed in the map area. For further
information on the mineralogy, stratigraphy, regional correlations, paleontology, and possible origin of
these sediments, the reader is referred to discussions by LaMoreaux (1946), Carver (1966), Pickering
(1970), Austin (1972), Tschudy and Patterson (1975), Buie (1978a), Buie (1987b), Huddle-stun and
Hetrick (1978, 1979, 1986), Buie and others (1979), Hetrick (1982), Hetrick and Friddell (1983), and
Huddle-stun and Hetrick (in prep.).

Alluvium (Quaternary)
The alluvium primarily consists of sand bars, clayey sands, clays and silts, and minor stringers and
beds of gravel. The sediments are very poorly sorted and range in size from clay to gravel. Bedding is
generally massive, but crude bedding and cross-bedding are present locally. The Quaternary alluvium is
as much as 30 feet thick in the study area. Commonly these sediments underlie swampy or boggy
areas within the flood plains of present-day stream valleys and locally contain abundant organic matter.

Alluvium (Tertiary-Quaternary)
The sediments occur at higher elevations than do the Quaternary alluviums, contain little organic
material, and generally have high iron oxide contents. They consist of clayey sands, sands, and gravels.
The sands are coarse-grained and commonly contain clay clasts, and all of the sediments are very
poorly sorted. Commonly these sediments are distinctly thin-to-medium bedded.

Residuum (Tertiary)
At some localities in the study area, the uppermost portions of the exposed sediments have been
weathered to the extent that formation identification is not possible. Typical residuum is a "tough," dark
reddish-brown to mottled red-gray-orange, clayey sand; it contains minor amounts of disseminated
pebbles and is very poorly sorted. Locally, the weathering has been so severe that some of the quartz
pebbles can be crushed with finger pressure. The residuum generally lacks bedding and forms a rather
dense, impermeable zone. Based on the locations and elevations of the residuum, it is likely derived
from weathering of Barnwell Group sediments (upper Eocene) and Altamaha Formation (Miocene)
sediments, both of which are discussed in succeeding sections. There is the possibility that some of the
residuum was derived from Oligocene sediments. Just south of the southwestern corner of the map area
there are thin-bedded pale-green fissile clays interbedded with fine-grained sands and pebbly coarse-
grained sands which have been tentatively correlated with the Oligocene. It is possible that some of
these "Oligocene" sediments extend updip into the map area but were not identified due to severe
weathering. Within the map area, the thickness of the residuum reaches a maximum of about 90 feet.

At one location (approximately 2 miles southwest of Jeffersonville) on the map, a dashed line separates
the Tertiary residuum from the Altamaha Formation. The location of this line is based on the
northernmost extent of identifiable Altamaha sediments in the map area.

Altamaha Formation (Miocene)
The Altamaha Formation is fluvial in origin and consists of poorly sorted pebbly, argillaceous micaceous
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sands, sandy clay, and minor amounts of angular pebbles. Where unweathered, exposures of Altamaha
consist of pale greenish-gray clays and feldspathic sands. In the more typically weathered exposures,
the sediments are mottled reddish-brown-gray and the feldspar fragments have been altered to kaolinite.
This weathering commonly results in induration probably due to remobilization of clay minerals and
silicification. This induration is most pronounced east of the Oconee River and south of Tennille,
Washington County where the Altamaha is indurated and caps steep-sloped ridges that overlook the
Oconee River.

Cross-bedded pebbly sand and sandy clay are locally common within the channel fillings of the
Altamaha. In the southern half of Washington County the lower 10 to 20 feet of the Altamaha is
composed of pale-green to pale-gray, smectitic, moderately to well-sorted, medium-grained sand. Within
the map area, the Altamaha is as much as 80 feet thick.

Barnwell Group (upper Eocene)
Within the study area the Barnwell Group consists of: the Tobacco Road Sand, the Dry Branch
Formation, and the Clinchfield Formation.

Barnwell Group sediments differ from both the overlying and underlying sediments in both origin and
particle size distributions. Portions of the overlying Altamaha Formation and the underlying Huber
Formation may be marginal marine; however, the evidence for this environment is weak in the map area:
whereas, the limestone and fossils of the Barnwell Group provide indisputable evidence for a marine
origin. In general, sedimentary structures (i.e. herring-bone cross-bedding) and the better sorting of the
Barnwell point to a greater degree of size separation and reworking prior to deposition. The most
apparent difference between the Barnwell and the underlying Huber is the dominant smectite content of
the Barnwell clays, as compared to the dominant kaolinite content of the Huber clays.

Tobacco Road Sand (upper Jacksonian)—The Tobacco Road Sand consists of weathered, reddish-
brown, medium-grained, moderately to poorly sorted pebbly sands and is coastal marine in origin.
Locally the Tobacco Road is partially indurated by iron oxide and secondary clay. One notable exception
to the preceding lithologic description exists in the vicinity of Sandersville, where the Sandersville
Limestone Member irregularly occurs at the base of the Tobacco Road Sand. The Sandersville is a
massive, pale-gray, "tough" limestone which ranges up to 14 feet in thickness. Locally silica-cemented
sands that contain silicified fragments of oyster shells overlie the basal Sandersville Member. At most
localities, the base of the Tobacco Road is marked by a zone, approximately one foot thick, of very
thinly bedded to thickly laminated, clayey sands. Immediately overlying the laminated sand layer is a
discontinuous zone of variable thickness containing rounded and flat pebbles. The sands within and
immediately above the pebbles are coarse, very poorly sorted and locally cross-bedded. Grain size
decreases and sorting increases upward through this pebbly unit. At the western end of the study area
(Twiggs County) the Tobacco Road is generally finer grained and occurrences of pebbles are uncommon.

At downdip localities bioturbation commonly is present in exposures of the Tobacco Road Sand. In
some cores from southern Washington County, the upper 10 to 15 feet of the sand consists of medium-
to finely bedded medium-grained, moderately sorted sands and thin beds of very pale, greenish-gray,
dense clay. However, because of weathering, it is very rare to have good exposures of the upper portion
of the Tobacco Road Sand. The Tobacco Road Sand is about 85 feet thick near Sandersville; in most
areas, however, due to severe weathering or erosion, it could not be established whether the unit
exceeded 40 feet in thickness.

Dry Branch Formation (lower Jacksonian)—The Dry Branch Formation consists of well-bedded sand
(Irwinton Sand Member), and smectitic clay (Twiggs Clay Member) and is inner neritic marine. These
sand and clay lithofacies interfinger in a somewhat unpredictable fashion. However, there is a strong
tendency for the lower part of the Dry Branch to consist of Twiggs Clay and the upper part to consist of
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the Irwinton Sand. Another distribution trend is the thickening of the Twiggs Clay to the southwest at the
expense of the Irwinton Sand.

The Irwinton Sand Member is a pale-yellow to white, fine-to medium- to coarse-grained sand that is
moderately to well-sorted. The Irwinton is thin- to medium-bedded, horizontally to cross-bedded, and
contains thin laminae and small thin intraclasts of Twiggs-type (smectitic) clay. The Irwinton is a soft,
easily erodable sand which commonly forms low angle slopes; whereas, the overlying Tobacco Road
Sand is resistant to erosion. As a result of the different erosional characteristics of the Tobacco Road
and the Irwinton, the Tobacco Road caps the higher hills and ridges in the area, and the deeper gullies of
the area are commonly formed within the Irwinton Sand. The uppermost one to three feet of the Irwinton
is commonly characterized by a clay zone, or zone of thinly interlayered sand and clay. Although
evidence of bioturbation is rarely present, an intertidal to shallow marine environment is postulated
because of the presence of herringbone cross-bedding and scattered lenses of marine shells. The
contact of the Irwin-ton Sand with the overlying Tobacco Road Sand is sharply conformable.

The Twiggs Clay Member is a dense, pale-green to gray smectitic clay which has blocky fracture and
contains traces of illite and minor amounts of kaolinite near its base (Hetrick, 1982). The Twiggs Clay
contains thin laminae of fine- to medium-grained sand which cause the clay to be fissile when dry. In
some areas, there are a few thin (foot thick) continuous layers of dense limestone present within the
clay. In some fresh mine exposures, the lowermost 6 feet of Twiggs consists of abundant bryozoan
fragments within calcareous clay. Typically, the most commonly found fossils of the Twiggs are
impressions of very small, thin-shelled pelecypods; however, in the areas of the extreme northeastern
outcrop limit of the Twiggs, plant remains may be found.

Commonly, the Twiggs Clay presents engineering problems because of its high smectite content. Within
the map area, there are numerous localities at which slump and land creep of the Twiggs are present.
These areas of slump and creep are typically located on steep slopes, road cuts and in kaolin mines.
The contact of the Twiggs clay with the underlying Clinchfield (and Tivola in downdip areas) is
conformable.

The Tivola Limestone Formation of the Ocala Group grades laterally into the lower portion of the Twiggs
Clay. In the southwestern corner of the study area the Tivola occurs both as irregularly distributed
isolated lenses and as an eastern tongue of the Tivola. Due to its very limited and discontinuous
distribution it was not possible to include the Tivola as a separate map unit, therefore, it was included in
with the Barnwell Group. From a practical standpoint this should not be a problem since it is the same
age as the basal Twiggs and has a lithology similar to the bryozoan rich calcareous beds common to
the basal Twiggs Clay. The Tivola is a bioclastic limestone with a high diversity of fossils, the most
abundant of which are bryozoa. Other fossil types common to the Tivola are echinoids, pectens,
gastropods, clams, sharks' teeth, and coral. The Tivola was once mined in Twiggs County, however,
typical exposures of it in kaolin mines are as small lenses 10 feet thick or less.

Clinchfield Formation (lower Jacksonian)—The Clinchfield is the basal unit of the lower Jacksonian
sediments which unconformably overlie Oconee Group sediments in the map area. The majority of the
exposures of the Clinchfield display a massively bedded, pale-yellow, medium-grained, moderately to
well-sorted sand that contains dark gray to black patches of manganese oxide. The lower one foot of a
typical exposure of Clinchfield is poorly sorted and ranges up to pebble in size. The feature that most
readily distinguishes the Clinchfield from the supra-adjacent and sub-adjacent sediments is its very
poorly developed bedding. Some clay is present in the Clinchfield, however, it is disseminated within the
sand rather than in distinct clay laminae or beds. Although the Clinchfield was probably deposited as a
calcareous sand, at most exposures the carbonate has been removed by weathering. The typical
thickness of the Clinchfield is 15 feet, however, the thickness varies locally from 2 to 35 feet.

In an area which extends from approximately two miles north of the Bibb/Twiggs County line to several
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miles south of the county line there has been silicification of the Clinch-field. Within this area many of
the hilltops are capped by approximately 15 feet of silica cemented Clinchfield sand, and typically the
upper slopes of these hills are strewn with boulders of the Clinchfield. Throughout the map area there are
localized zones of silicification of the Clinchfield, while at some localities there has only been selective
silicification.

Just south of the Bibb County line in Twiggs County the Treadwell Member of the Clinchfield Formation
occurs. The Treadwell is a fine- to medium-grained, moderately sorted, calcareous sand, which unlike
the remainder of the Clinchfield is thinly bedded and contains no clay. Commonly found within the
Treadwell are Periarchus lyelli, and rarely found are Aequipecten spillmani.

Near the Fall Line, the Riggins Mill Member of the Clinch-field makes up the lower one-third or, at some
sites, the entire Clinchfield. The Riggins Mill is composed of rounded clay cobbles (8 to 30 cm) with
some quartz pebbles (2 to 8 cm) in a matrix of poorly sorted, fine- to very coarse-grained sand. A good
exposure of the Biggins Mill with the above features is present at Mountain Springs, Twiggs County, and
was referred to as Eocene channel sands by LaMoreaux (1946). However, the authors of this report do
not equate the Riggins Mill Member with all of the sediments that LaMoreaux referred to as Eocene
channel sands. In Twiggs County, the basal two to eight feet of the Riggins Mill locally contains sandy
calcareous nodules and numerous Ostrea gigantissima. Commonly overlying the nodular zone is a
calcareous clayey silt (2 to 8 feet thick), which contains Chlamys cf. membranosa.

Oconee Group (Upper Cretaceous-middle Eocene) 
Sediments, which were once correlated as the Tuscaloosa Formation (Cooke, 1943) and redefined as
the Oconee Group (Huddlestun and Hetrick, in prep.), are represented in the map area by the Tertiary
Huber Formation and the Cretaceous Gaillard formation.* The sediments of both of these formations are
fluvial to upper-estuarine and crop-out in the vicinity of the Fall Line. In addition to having similar
depositional environments these deposits have lithologies which are very similar, with the dominant lithic
components being micaceous, kaolinitic sands, sandy kaolins, and kaolins.

Some of the Oconee Group sediments contain lignitic beds with leaf impressions and pollen of
biostratigraphic significance. Other fossils are rare and consist mainly of trace fossils. Field
discrimination of the two formations making up this group was done mainly on the basis of subtle
differences in physical and mineralogical properties, types of bedding, and sedimentary textures (Buie,
1978a; Buie and others, 1979; Hetrick and Friddell, 1983). Most of the stratigraphic correlations used in
this mapping were from macroscopic features of the kaolin beds. Generally, Huber (Tertiary) kaolin
displays the following features:

(1) physical hardness (difficult to crush to powder by finger pressure)
(2) commonly very faint greenish-gray color on fresh fracture surfaces
(3) irregular fracture
(4) commonly contains Planolites (a type of burrow)

In contrast, the Gaillard (Cretaceous) kaolin generally displays the following:
(1) physical softness (easily crushes to powder by finger pressure)
(2) white to very pale tan color
(3) conchoidal fracture
(4) commonly micaceous

Laboratory analysis reveals that in addition to the above criteria the Huber kaolins have a smaller particle
size and are less crystalline than the Gaillard kaolins. Hetrick and Friddell (1983) found that in the heavy
mineral fractions the Huber kaolins (when compared to the Gaillard kaolins) have significantly higher
proportions of tourmaline, (epidote  + staurolite), and kyanite; while the Gaillard heavy mineral fractions
have higher proportions of zircon.
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Although less certain than evidence from the clays, other differences helpful in the separation of the
Huber from the Gaillard were mica content and size, sedimentary structures, bedding types, and
resistance to erosion. The mica content of the Huber is generally low when compared to that of the
Gaillard. At the few localities where the Huber has a high mica content, the mica particles are
considerably smaller than those found in the Gaillard. The sands of the Huber are distinctly and thinly
bedded and contain numerous cut and fill structures which are replete with kaolin clasts; whereas, the
Gaillard tends to contain thick bedding which is indistinct and contains few cuts and fill structures or
kaolin clasts. There is a tendency for the contact zone between the Huber and the Gaillard to form a
vague erosion resistant bench. This feature is not distinct nor widespread and was only used as an aid in
locating potential formation contacts.

The formations of the Oconee Group present in the map area are described below.

Huber Formation (Paleocene-middle Eocene)
The Huber Formation (Buie, 1978a) consists of kaolinitic sand, kaolin, clay clasts, and pebbly sand. The
sediments are generally poorly sorted and the particle size ranges from clay-size to boulder-size (for
some of the clay clasts). The Huber is moderately micaceous and commonly contains minor amounts of
heavy minerals concentrated in the medium-grained sands. Though it is not a ledge-former, the Huber is
somewhat more resistant to erosion than the underlying Cretaceous Gaillard formation.

The upper contact of the Huber is an unconformity which is generally undulatory and commonly marked
by a line of clay cobbles, some of which are pisolitic, and small amounts of pebbles. The majority of the
kaolin in the Huber is hard, very pale greenish-gray, and has irregular fracture. The trace fossil Planolites
(burrows filled with sediment) is sporadically distributed within the upper few feet of the hard kaolins
(Schroder, 1982). These hard kaolins grade downward into alternating thin beds of sandy kaolin and
medium-grained, moderately sorted sand. Locally, within or near the base of the Huber, there are thin
lenses of semisoft (or semi-hard) kaolin somewhat similar to those of the Cretaceous clays. Numerous
clay clasts, coarse-grained sand, and pebbly sand are associated with these semi-soft kaolins. Within
the lower portion of the Huber, the pebbles are generally smoky quartz, many particles of which are
fractured and very fragile. Where no kaolin beds are present in the Huber, the sediment is commonly
composed of thin-to medium-bedded sands that contain numerous kaolinitic laminae, kaolin clasts, and
cut-and-fill structures. The thickness of the Huber ranges from 10 to 90 feet and contains clay beds of up
to 60 feet thick.

Gaillard Formation (Upper Cretaceous)
The Cretaceous sediments of the Gaillard formation (Huddlestun and Hetrick, in prep.) are composed of
kaolin and micaceous kaolinitic sand. The kaolins are soft, white or very pale tan, and have conchoidal
fracture. The sands are similar to the previously described Huber sands except that they are more
micaceous and contain few cut-and-fill structures or kaolin clasts. The sandy Gaillard kaolins are also
generally very micaceous.

The uppermost exposed Gaillard sediments in the map area are generally kaolin, or very micaceous
kaolinitic sand. Commonly, at the upper contact of the Gaillard, spherical shapes (approximately 1 cm in
diameter), similar to the texture Hinckley (1961) referred to as "turkey-egg pattern," are present in the
kaolin. There are rare occurrences of bauxite cobbles at the upper contact of the Gaillard. Buie and
others (1979) asserted that the Gaillard kaolin was more resistant to erosion than the sand, and that
where the Gaillard-Huber contact is topographically low, the material just beneath the contact is
generally a sand. A good example of this relationship occurs immediately north of McIntyre where there
is a large, thick, high knob of kaolin. To the west of the knob, the contact drops rapidly and is underlain
by sand.

The maximum thickness of the Gaillard sediments in the study area is not known. However, Buie and
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others (1979) reported a Cretaceous sediment thickness of 1100 feet at Tarversville, Twiggs County,
which is in the southwestern corner of the study area.

Oconee Group Undifferentiated
This designation was assigned to pre-upper Eocene sediments in some areas near the Fall Line where
the investigators were unable, either due to lack of exposure and severity of weathering, to differentiate
Huber from Gaillard.

Sediments Undifferentiated
In certain portions of the map area the authors were unable to correlate some sediments with
established stratigraphic units. Many of these sediments are present in updip areas near the Fall Line
and have been subjected to severe weathering. Where relatively rare unweathered exposures of these
sediments exist the particle size, sorting, and bedding of these materials are highly variable, and all the
features observed are characteristic of a nearshore environment; thus, most of the sediments are similar
in appearance. These lithological and sedimentological similarities precluded stratigraphic differentiation.
•in the process of being formalized

Extracted from: (Geologic Atlas GA-6)
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Digital Geologic Map of the Western Portion of Ocmulgee
National Monument

OCMW Map Unit List

The geologic units present in the GRI Digital Geologic Map of the Western Portion of Ocmulgee National
Monument are listed below.  Units are listed with their assigned unit symbol and unit name (e.g., Qa -
Alluvium).  Units are generally listed from youngest to oldest.  No description for water is provided. 
Information about each geologic unit is also presented this dataset's Geologic Unit Information
(OCMWUNIT)  table included with the GRI geology-GIS data.

Pliocene? to Recent
Qa - Alluvium 

Eocene
Tob - Ocala Limestone & Barnwell Formation
Tgs - Gosport Sand

Paleocene
Tm - Midway Group 

Upper Cretaceous
Kp - Providence Sand
Kt - Ripley Formation

Pre-Cretaceous
cr - Crystalline rocks 
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OCMW Map Unit Descriptions

Descriptions of geologic map units present on the GRI northern portion map, generally listed from
youngest to oldest, are presented below.  Some unit descriptions may refer to units not present in the
GRI digital geologic-GIS data.  Refer to the actual source publication for information about these units.

Qa - Alluvium (Pliocene? to Recent)

Deposits classified as surficial include (1) the unsorted gravel and sandy clay of probable Pliocene age

overlying the Cretaceous and Tertiary deposits of the Coastal Plain over parts of the interstream areas

and (2) Quaternary alluvial deposits bordering the major streams.

Unsorted gravel is a matrix of red sandy clay forms a thin cap on parts of the upland area in northern and

eastern Taylor County. These deposits have been dissected by erosion to such an extent that only in

some interstream areas are they still preserved. Even so, they have migrated downslope, and their true

areal extent is arbitrarily delimited. These deposits range in altitlde from more than 700 to less than 350

feet. They generally occur west of the Flint River and slope toward it, which suggests that they may have

been flood-plain deposits of the Flint River before it incised its valley to its present level.

The major streams flow through alluvium deposited by them at a relatively recent stage. The belt of

alluvium bordering the Flint and Ocmulgee Rivers is wider west of the rivers than east.

The surficial deposits at high elevations yield little ground water because of their thinness and because

of the great leakage of water from them to lower slopes. Little is known about the alluvial deposits

bordering the streams, but in some places they are believed to be thick and permeable enough to furnish

very large supplies of water to wells. (GRI Source Map ID 74074) (Bulletin 72).

Tob - Ocala Limestone and Barnwell Formation (Eocene)

Two formations, the Barnwell formation and the Ocala limestone, are equivalent to the Jackson Group of

the Gulf Coast.

Bright red sand composes most of the Barnwell formation, but some limestone and clay beds also are

present. The clay consists of one or more beds of green or dark-gray clay. It is typically exposed in

Twiggs County, adjacent to Bibb County on the southeast, and has been described as the Twiggs clay

member of the Barnwell formation (LaMoreaux, 1946, p. 19). Interbedded with the clay are marl,

calcareous clay, and limestone. The Twiggs clay member, including the nonclay beds, in most places is

less than 60 feet thick. Southward, the proportion of clay decreases.

The Ocala limestone occurs in southern and eastern Houston County. Also, an outlier of Ocala

limestone lies on Cretaceous deposits about 5 miles southeast of Roberta in Crawford County. It is more

than 20 miles (Cooke, 1943, p. 72) updip and north of any exposure of the Ocala. The separation of this

outlier from the main body of Ocala is due chiefly to its unique position between widely spaced streams ;

thus, it has been preserved from the somewhat ravaging erosion of stream valleys. (GRI Source Map ID

74074)  (Bulletin 72).
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Tgs - Gosport Sand (Eocene)

The Gosport sand consists of fine- to medium-grained sand and little or no interstitial clay. It contains

some of the cleanest sand in Georgia. In southern Schley and Macon Counties, the Gosport contains

some calcareous sand, and farther south in adjacent Sumter and Dooly Counties the equivalent of the

Gosport is a marl or limestone. (GRI Source Map ID 74074)  (Bulletin 72).

Tm - Midway Group (Paleocene)

The Midway Group, as mapped, consists of one or more thin beds of white sandy fossiliferous limestone

of the Clayton formation and bedded dark-brown clay. The beds are less than 75 feet thick in the outcrop

area. Stephenson and Veatch (1915, p. 69) estimate its thickness along the Flint River to be 300 to 400

feet, but this thickness doubtless includes deposits of Eocene age. Owen (1959, p. 48) refers to bauxite

in kaolinitic clay of the Midway Group in Sumter County, which lies south of Schley County. Bauxite

appears to have developed on the uppermost weathered parts of the dark-colored clay of the Midway

Group in both Sumter and Schley Counties. (GRI Source Map ID 74074)  (Bulletin 72).

Kp - Providence Sand (Upper Cretaceous)

The Providence is less than 120 feet thick in its outcrop area, although it thickens under cover of other

sediments southward. It consists of light-colored sand and masses of white clay. In lithology it is similar

to the Tuscaloosa, with which it is in contract in northern Houston County. Except in Taylor County its

deposits are strikingly different from the dark-colored bedded clay and sand of the underlaying Ripley

formation. (GRI Source Map ID 74074)  (Bulletin 72).

Kt - Ripley Formation (Upper Cretaceous)

Composed of dark-gray clay interlaminated with lesser amounts of fine sand. After long exposure, the

color becomes lighter, and outcrops in Taylor County are light yellow or white In outcrops in Taylor

County, the Ripley is sandy. Massive white kaolin in Taylor County may be a part of the Ripley

formation. (GRI Source Map ID 74074)  (Bulletin 72).

cr - Crystalline rocks (Pre-Cretaceous)

Igneous and metamorphic rocks of Paleozoic and older age lie beneath the sedimentary materials of the

Coastal Plain and are exposed in the extreme northern part of the area studied. These so-called

crystalline rocks were not separately mapped and were not studied in detail. Many of them are granitic,

being (1) true granite, (2) biotite-granite gneiss, or (3) a granite component in a diorite injection complex.

Slate and altered volcanic rocks occur in at least one northeast-trending belt. All these rocks are highly

weathered and where exposed are generally soft and friable. (GRI Source Map ID 74074)  (Bulletin 72).
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Bulletin 72

LeGrand, H.E., 1962, Geology and Ground-water Resources of the Macon Area, Georgia, Environmental
Protection Division, Georgia Department of Natural Resources, Bulletin 72, Figure 2, 1:181,000 scale. (
GRI Source Map ID 74074).

** The correlation of map unit figure presents all units on the source publication even though only a
subset of all units are actually within the extent of the GRI digital geologic-GIS data. Refer to the actual
source publication for information concerning units not present in the GRI data and in this document.**

Bulletin 72 Explanation of Map Units

Extracted from: (Bulletin 72)



OCMU GRI Map Document20

2012 NPS Geologic Resources Inventory Program

Bulletin 72 Report

GEOLOGY AND GROUND-WATER RESOURCES OF THE MACON AREA, GEORGIA
By H. E. LeGrand

** The report below discusses units, features and graphics present on the source publication even
though only a subset of these are actually within the extent of the GRI digital geologic-GIS data.

ABSTRACT
This report concerns the geology and ground-water resources of an area of 2,055 square miles

in central Georgia, including Bibb, Crawford, Houston, Macon, Peach, Schley, and Taylor Counties. The
seven-county area, conveniently called the Macon area for the largest city, is within the Coastal Plain
province.

Relatively unconsolidated strata of Late Cretaceous to Recent age slope gently to the
southeast. The overall structure in the Coastal Plain is relatively simple. Underlying the sedimentary
formations are igneous and metamorphic rocks, which crop out in the northern part of the area and which
extend northward through much of north-central Georgia to form the Piedmont province.

Several formations of Cretaceous age are present, but they are less distinctive than in the
adjacent Chattahoochee Valley on the west. The Tuscaloosa formation is the oldest sedimentary
formation exposed on the Coastal Plain. Above it, in ascending order, are the Ripley and Providence
formations, also of Late Cretaceous age. The Tuscaloosa and Providence formations are composed of
poorly bedded and massive deposits of sand and light-colored clay, the sand and clay occurring
separately and also mingled to varying degrees. The Ripley contains much sand in the northern, or
updip, part of its outcrop area, but, in its typical development, it is composed of dark-colored bedded
clay. The Blufftown and Eutaw formations have been identified between the Tuscaloosa and Ripley
formations from wells in the southern part of the Macon area, but these formations cannot be mapped in
the Cretaceous outcrop belt.

Deposits of Tertiary age, which overlie the Cretaceous, crop out in the southern part of the area.
These deposits attain no great thickness although they thicken appreciably toward the southeast. Of the
Tertiary sediments, those of late Eocene age, including the Ocala limestone, residuum derived from
solution of it, and the contemporaneous Barnwell formation, are the most widespread. Toward the east,
these late Eocene deposits overlap much of the Cretaceous, thereby narrowing the Cretaceous outcrop
area.

The preponderance of sand in the Cretaceous beds and the relatively high permeability of these
sands, which permit the ready percolation of a large part of about 45 inches of precipitation each year
into the underground reservoir, results in exceedingly large potential yields from wells deriving water from
Cretaceous beds. Although few wells have tested the available supply, many wells can be expected to
yield more than 800 gpm (gallons per minute), both in the outcrop area and downdip to the south under
cover of younger sediments. A perennially dependable yield of several million gallons of water a day is
available for withdrawal from each square mile throughout most of the Coastal Plain.

The deposits of Tertiary age furnish adequate water for domestic supplies, but no effort has been
made to develop larger supplies from them because large supplies are available from underlying
Cretaceous deposits. Valleys, which cut through the thin Tertiary deposits, allow considerable diffuse
leakage of water, in consequence of which potential yields from them are not generally great.
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INTRODUCTION
The area described in this report, for convenience called the Macon area, includes seven

counties lying in the drainage basins of the Ocmulgee and Flint Rivers along the inner margin of the
Coastal Plain in Georgia. These counties are Bibb, Crawford, Houston, Macon, Peach, Schley, and
Taylor (fig. 1).

An investigation of the geology and ground-water resources of the area was begun in April 1948
and was continued intermittently until February 1949. Some additional field work was done in February
1960. Records of wells were obtained in all the towns and in most of the rural areas.

This investigation precedes any large development of ground water in the area and represents a
preliminary hydrologic study in that no large-scale tests have been made to determine the quantity of
water that can be withdrawn from the aquifers. The geology of the area was mapped in order to study
qualitatively the ground-water conditions, as each formation possesses some degree of individuality both
geologically and hydrologically.

This study is a part of a continuing ground-water investigation being made in cooperation with
the Georgia Department of Mines, Mining and Geology by the U.S. Geological Survey.

The information obtained from well drillers has been valuable in the understanding of the ground-
water conditions of the area, and it is with their help that this report is possible. S. M. Herrick, of the U.
S. Geological Survey, supplied several strati-graphic well logs and other unpublished subsurface
information. Captain Garland Peyton, Director, Georgia Department of Mines, Mining and Geology, gave
helpful suggestions and assistance in the preparation of the report

GEOGRAPHY
The area described in this report lies along the inner margin of the Coastal Plain. The northern

part of Bibb, Crawford, and Taylor Counties is in the Piedmont province. Separating the Piedmont from
the Coastal Plain is an arbitrary line generally known as the Fall Line, along which, in some States,
streams descend in a zone of falls from rather resistant crystalline rocks of the Piedmont to less
resistant rocks of the Coastal Plain. In the area studied, no falls occur along the streams in this zone,
but the term Fall Line may be retained to delimit the two provinces generally.

The Piedmont province is an upland area of moderate relief, the highest parts of which rise to
about 800 feet above sea level in the area studied. The land slopes gently to the south, and the major
drainage is southward. Locally the tributary streams are closely spaced and fan out in random style. In
the interstream area, the gently rolling terrane is mantled by thick soils of moderate fertility.

South of the Piedmont province, deposits of Cretaceous age crop out in an east-west belt (fig.
2), producing a distinctive type of topography and referred to as the Sand Hills. The area is mantled by
loose, incoherent sand and is very hilly ; the light-colored sandy hills rise to nearly 800 feet in western
Taylor County. Streams are more widely spaced in the Piedmont and have cut valleys as deep as 300
feet below the upland. Deep, precipitous gullies are actively encroaching upon the upland areas, where
sand is removed at the gully heads by rainwash and deposited in the gully bottoms as subaerial deltas
(Veatch and Stephenson, 1911, p. 30) or "sand streams." The sand of the undisturbed Cretaceous
deposits and the "sand streams" are so permeable that runoff from precipitation is slight. Rain may move
the sandy material downslope a short way, but the downward percolation of water limits its erosive
power. Parts of the interstream areas have not yet been attacked by advancing gullies and stand fully as
high as the hills of the Piedmont farther north. Moisture is not readily retained in the infertile sandy soils,
resulting in a sparser cover of vegetation than is generally found in the southeastern States.

The Fort Valley Plateau represents the outcrop area of Eocene deposits. The plateau forms a
belt south of the Sand Hills and is characterized by deep-red clayey soil and flat topography which is
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only slightly dissected. It is typically displayed in Peach County near Fort Valley. The plateau appears
to be a plain of solution, beneath the surface of which ground water has dissolved a layer of preexisting
limestone. A few shallow depressions on the plateau are evidence of the solution action. The flatness of
the area has helped to retard leaching of the soil, and crops tend to grow better than on the leached
soils of the Sand Hills area farther north. The Fort Valley Plateau is the peach-growing center of the
State, the northern limit of peach orchards representing the northern limit of the plateau.

An upland area in the southern part of Houston County is separated from the lower lying Fort
Valley Plateau by a north-facing escarpment. This upland is similar to the Tifton Upland, which covers
much of the Coastal Plain southward. The upland has not been subjected to solution subsidence as has
been the Fort Valley Plateau, and the difference in altitude of these two subprovinces of the Coastal
Plain approximates the thickness of limestone removed by solution near the base of the scarp.

Drainage
The Macon area lies within the drainage basins of the Ocmulgee and Flint Rivers, which flow in

more or less parallel courses southward in consequence of the regional slope. Both rivers rise in the
Piedmont Plateau near Atlanta.

The Ocmulgee River flows southward through eastern Bibb County and forms the eastern
boundary of Houston County. The streams flowing into the Ocmulgee have prevailing southeast courses
and include Tobesofkee, Echeconnee, and Big Indian Creeks. These creeks rise very close to the Flint
River and appear to have pushed the divide between the Flint and Ocmulgee westward. Almost all small
tributaries flow southward to join the larger creeks at an acute angle. The flood plain of the Ocmulgee is
generally about 2 miles wide.

Flint River separates Crawford from Taylor County and flows southward through Macon County.
Like the Ocmulgee, Flint River has no large tributaries from the east. The larger tributaries, all flowing
southeastward to join the Flint, are Patsiliga, Whitewater, and Buck Creeks. The water of these
tributaries is clear because of the purity of sands over which it flows. The scarcity of streams from the
east has minimized erosion to the extent that a pronounced west-facing escarpment is close to the
river ; on the east side of the river north of Montezuma the flood plain is either narrow or nonexisting.

Precipitation
The climate of the Macon area is characteristically humid and temperate. The annual

precipitation, which at Macon averages 44.60 inches, is adequate for the growth of many varieties of
crops. The precipitation is almost all rainfall and is fairly well distributed throughout the year. The lowest
rainfall is generally during September, October, and November, but rarely does any month receive less
than 2 inches.

GEOLOGY
Development of the Coastal Plain Province

The Coastal Plain of the area studied is a part of a large coastal province extending from Long
Island, N. Y., to the Mexican border and southward to Guatemala. Its development has resulted from the
interdependence of three great natural processes — differential earth movement, erosion, and
sedimentation. At the beginning of Cretaceous time, and for a long time previously, southern and eastern
Georgia was a land area of igneous and metamorphic rocks, like those of the Piedmont providence, and
of consolidated sedimentary rocks of Paleozoic age, like those of northwestern Georgia. Soon the
margin of the continent was depressed, allowing the sea to encroach on the land. Since this advance in
Cretaceous time, the sea has retreated and advanced to varying positions many times. As it came close
to the present Piedmont province, the sea became a resting place for material eroded from the land area.
Rocks of the Piedmont disintegrated and decayed into soil and rock fragments, which were washed by
rain into streams and carried to the sea. Much of the Cretaceous sediments were deposited on lowland
margins of the plain before reaching the sea. Some of these nonmarine deposits were eroded and
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redeposited in the sea, but some were buried and preserved by the deposits of an advancing sea. In
addition to clay and sand that was eroded from the land area and deposited, some marl and limestone
were formed as the result of the precipitation of chemical matter from the sea water and the settling of
dead marine organisms. Whether deposited in the sea or along marginal land areas, the sediments tend
to be preserved in nearly flat, but gently coastward-dipping layers (fig. 3).

General Stratigraphy
The stratigraphy was studied in order to understand the occurrence and movement of ground

water. The rock materials are conventionally grouped into formations according to their lithology. A
formation is named after a place where it is typically exposed. For example, the Providence sand was
named for Providence Canyons in Stewart County. A formation may be only a few feet thick or many
hundreds of feet thick, and it may be composed almost entirely of clay, sand, or limestone. Most
formations contain a variety of beds, but some feature is commonly present to distinguish it from the
overlying and underlying formations. As a result of changes in conditions of deposition, all formations
change in character along the beds. A common change is a gradual transition from a bed composed
chiefly of sand to one composed chiefly of clay.

At varying distances from a place where a formation is typically exposed, the character of its
material changes to such an extent that its name and its description are no longer appropriate. Thus,
different names may be applied to rock materials that were deposited at the same time at different
places. For example, several distinctive Cretaceous formations occur in the Chattahoochee Valley of
western Georgia where they were de-posited under marine conditions. Eastward, some of these
formations contain nonmarine beds, and in the area studied, difficulty was experienced in tracing them
(Eargle, 1955, p. 1).

Figure 3.— Diagram showing generalized surface and subs-
urface features in the eastern half of the Macon area. (Tertiary
materials are chiefly limestone, with lesser amounts of sand 
and clay; Cretaceous materials are sand and cloy).
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Development of Soils
Different kinds of soil occur in the Coastal Plain province, and their development has been

controlled by geologic conditions. Insofar as such development is concerned, the deposits may be
classified by four categories. These include (1) slopes and hills on outcropping Cretaceous formations,
(2) broad flat uplands on outcropping Tertiary formations, (3) slopes extending from the flat uplands to
valleys, and (4) flat alluvial soils of lowland areas.

In the Sand Hills area, characterizing the Cretaceous outcrop belt, loose surface sand is
widespread. This is underlain at many places by a zone of sand with interstitial clay, which in turn is
underlain by its parent Cretaceous clay or clayey sand. The writer considers these three zones as
representing the A, B, and C horizons of the normal soil profile. The zones are so distinctive in character
and color that some geologists tend to regard them as separate geologic formations. It appears to the
writer that clay originally present in the surface zone has been carried down by per percolation water into
the B horizon, where a pink or red hardpan has developed. Some of the surface sand has been
transported by wind, an action that may have been prominent during some dry climatic period of the
Pleistocene epoch. These soils are so well drained and coarse textured that they have low fertility.

The soils of the broad, relatively flat areas of Tertiary formations vary in color from light gray to
deep red. The surface soils are predominantly sand, but they are not leached as much as the surface
soils of the Sand Hills area. Either clayey subsoil or parent material lies within a few feet of the surface
in most places, resulting in moderately well drained soils suitable for growing crops.

The slopes extending from the relatively flat uplands to the streams cut across beds of clay and
sand. As erosion is fairly active on these slopes, the soil profile rarely gets a chance to develop to
maturity. In some places the parent materials are exposed, and in many places surface material from
upland areas has migrated toward the valleys and now mantles the parent material. Soils on these
slopes vary greatly in character and are not easily classified.

The major streams are bordered by flat areas, or flood plains, which are underlain by clay, sand,
and gravel. As the flood plains lie only a few feet above normal stream level, their soils are subject to
overflow and to the deposition of "new" soil material. The soils vary from moderately well drained to
poorly drained, but they contain more organic matter than other soils of the area. Natural vegetation is
abundant on these lowland soils.

GROUND-WATER HYDROLOGY
Summary of Hydrologic Cycle

The precipitation that reaches the ground in the Macon area takes diverse courses. Much of it
infiltrates the sandy surface, but some flows overland immediately after each rain into rivers and creeks.
Some precipitation immediately evaporates, whereas some seeps into the soil only to be evaporated
later or transpired by vegetation. If the rain is prolonged, some water passes downward below the root
zone, but some of this water is thwarted in its vertical movement by clay beds and is shunted laterally
above the water table to a surface slope where it is evaporated ; the remaining water continues
downward to the water table, which is the top of the zone of saturation, in which all the open spaces in
the sand, clay, and limestone beds are filled with water. Upon reaching the water table, its progress is
retarded, but it still moves by gravity to some low place where it discharges from the ground. Ground
water discharges in low areas as seeps and springs and as evapotranspiration (direct evaporation and
transpiration by vegetation).

Occurrence and Movement of Ground Water
Almost all the materials of the Coastal Plain in the area studied are loose and unconsolidated.

Thus, the quantity of water that can be stored underground between the mineral grains is great. The
sand and clay, which represent the bulk of the materials, differ in their ability to store and transmit water.
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Clay has a high percentage of pore space, but the openings are so small that water tends to be retained
against the pull of gravity. In contrast, sand may have less pore space than an equivalent volume of clay,
but the openings are larger and allow a quicker movement of water.

All the southward-thickening wedge of sediments is saturated with water except for a layer of
air-filled materials a few feet or a few tens of feet thick lying between the ground surface and the water
table. The change in storage of ground water is reflected in the change in position of the water table. The
depth to the water table depends on the frequency, duration, and intensity of the precipitation. The
position of the water table depends also on the topography and on the ability of the sediments to
transmit water. The water table beneath the upland areas is higher than the stream valleys. This results
in a hydraulic gradient toward the valleys, where ground water discharges into streams and swampy
areas. In areas of relatively flat topography underlain by poorly permeable materials such as clay, sandy
clay, or fine sand, the water table is within a few feet of the land surface. The continuous movement of
ground water into stream valleys results in a tendency toward a continually declining water table.
However, periods of precipitation are rather numerous and fairly evenly distributed throughout the year ;
during and immediately after the periods of precipitation, the amount of water entering the ground-water
reservoir exceeds the amount moving out into the valleys, and the water table rises.

Artesian System
The Coastal Plain formations are ideally disposed for the occurrence of artesian water. Contrary

to popular belief artesian water does not, at every place, come from great depths ; some artesian water
in the counties studied occurs at depths of less than 50 feet below the land surface.

To understand artesian conditions in the area, it is necessary to understand the relation
between the profiles of the water table, the land surface, and the geologic formations. The water table is
present throughout the Coastal Plain, lying in sand in some places and in clay or limestone in others.
Both the beds and the land surface are inclined toward the southeast, but the inclination of the beds is
steeper. As the water table is roughly parallel to the regional land surface, the number of clay and sand
beds beneath the water table increases toward the southeast. The clay beds are relatively impermeable
and tend to confine water under pressure that lies beneath them. The water enters the ground, reaches
the water table, and flows " * * down with the slope of the water table to a point where the zone of
saturation is interrupted by an impermeable bed. Part of the water may pass above the bed and continue
to flow under water-table conditions, and part of it flows beneath the bed. Now it is confined, pressing
upward against the impermeable bed with a head equivalent to the difference in elevation between that
point and the elevation of the water table in the area of recharge, less the loss of head resulting from
friction in movement. This is confined or artesian water ; it will rise in a tightly cased well to a height
above the bottom of the confining bed equivalent to the pressure head at that point. If the head happens
to be above the land surface, as it commonly is in the valleys or along the coast * " , the well will
flow" (McGuinness, 1951, p. 12-13).

Beds composed of coarse to medium sand are the most permeable in the area ; these beds,
which allow water to pass through them readily, are referred to as aquifers. The least permeable beds
are composed of clay. Limestone, which occurs in the southeast corner of the area, contains some
permeable beds, and southward beyond the area studied it is an aquifer of great importance. The
interlayering of sand and clay results in a composite artesian system consisting of several artesian sand
aquifers and intervening clay confining beds. Some geologic formations tend to be composed chiefly of
sand, others of clay, and others of limestone. Yet, graduations of materials are common, and some
formations contain several aquifers and confining beds. The coastward homoclinal slope of the beds
results in a specific artesian aquifer becoming more deeply buried toward the coast ; the number of
artesian aquifers below a specific place also is greater coastward. To some extent each artesian aquifer
acts as a pipe or conduit to transmit water from a place of recharge at a high elevation to a place of
discharge at a low elevation. The analogy may be useful in the area studied, but it tends to break down if
the entire coastward part of the artesian system is considered, because water at great depth can
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discharge only by slow upward movement through relatively impermeable beds.

Relation of Geology and Ground Water to Streamflow
In referring to the earth materials as an underground reservoir, it must be borne in mind that the

water underground is in temporary or transient storage because it is moving slowly toward an outlet. It
tends to move through permeable sand and around the relatively impermeable clay, following courses of
least resistance from points of high elevation to points of low elevation. However, some water moves
through seemingly impermeable clay, and there is some interchange of water between aquifers
throughout the Coastal Plain system. Where the water table is higher than the pressure surface of the
uppermost artesian aquifer, as in much of the interstream area, water tends to move downward from the
water-table aquifer to the artesian aquifer even through beds of clay. In most of the stream valleys the
relations are reversed, and water from the uppermost artesian aquifer tends to leak upward into the
water-table aquifer or into the stream.

The erosive power of streams has resulted in their channels being lowered as much as 50 to 150
feet below the upland interstream areas. Thus, the water-table aquifer and the uppermost artesian aquifer
are incised, and much water "bleeds," or discharges from them. Ground water discharges as
evapotranspiration, springs, and seepage into the stream channels (fig. 4). Both the water-table aquifer
and the uppermost artesian aquifer lose water to the stream.

All the rivers and larger creeks in the Macon area cut into both the water-table aquifer and the
uppermost artesian aquifer, which are thus a good source of water for the streams in dry weather. It
seems likely that the uppermost ground water - that within about 100 feet of the land surface — moves
relatively rapidly ; ground water near some streams may move as much as several tens of feet per day.
However, beneath the broad interstream areas the movement is slower. The deep-lying artesian water in
the southern part of the area may move no faster than a few feet or a few tens of feet a year.

Whitewater Creek, in the Sand Hills of Taylor County, has a remarkably high and stable flow
(Carter and Lendo, in LeGrand and Furcron, 1956, p. 129). This creek drains an area of loose
Cretaceous sand where infiltration of precipitation is great and evapotranspiration and surface runoff after
storms are slight. It has an average flow of 950,000 gpd (gallons per day) per square mile, and a
minimum flow of 770,000 gpd per square mile that is expected only 1 day in every 20 years (Thomson
and others, 1956, p. 154).

Figure 4. Diagram showing the common occurrence of a stream cutting through a water-table aquifer and
into the uppermost artesian aquifer. The stream and valley vegetation gain water from both aquifers.

CHEMICAL QUALITY OF GROUND WATER
Most of the sediments were deposited in an environment of sea water or brackish water. The

original mineralized water has been flushed from the formations by natural movement from precipitation
through the beds to areas of discharge. All natural water in contact with earth materials contains some
mineral matter in solution. Water tends to have a great amount of dissolved mineral content if the length
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of time and distance the water moves through the ground are considerable and if relatively soluble
materials are present in the formations.

Some specifications that have been adopted by the American Water Works Association and by
some municipalities as a standard for public water supplies are given in the following table. The
specifications are not rigid because greater concentrations are tolerated by some users, but much lower
concentrations would be preferred.

Iron and manganese, together --------- less than 0.3 ppm
Magnesium ----------------------------------- less than 125 ppm
Chloride ---------------------------------------- less than 250 ppm
Sulfate -----------------------------------------  less than 250 ppm
Fluoride ---------------------------------------- less than 1.5 ppm
Total solids ----------------------------------- less than 500 ppm

Although hardness occurs in objectionable quantities in only a few places in the area, it is a
subject of considerable importance. Hardness in water is recognized in the home by the difficulty in
getting a lather without using an excessive amount of soap and by the sticky curd that develops after
using soap. Hardness affects many manufacturing processes, and it causes scale deposits to form in
hot-water pipes and steam boilers. Water having a hardness of less than 60 ppm is considered soft and
is suitable for most uses. Where the hardness is between 61 and 120 ppm, the water is considered
moderately hard and may be satisfactory for many uses, but not in high-pressure boilers or in some
industrial processes. Water containing more than 120 ppm is considered hard.

Hardness of water is the property attributable to the presence of alkaline earths, and results
from the solution of calcium and magnesium salts from the soil and rocks (limestone and dolomite).
Water that contains carbon dioxide readily dissolves carbonate minerals ; in the presence of carbon
dioxide the carbonates are converted to more soluble carbonates.

A noteworthy feature of the ground water in the area is the extremely low dissolved-solids
content. (See table 1.) Water in the formations of Cretaceous age passes through relatively insoluble
sand and clay, and in most places contains less than 75 ppm total dissolved solids. The water is
extremely soft, exceeding 30 ppm total hardness only in a few places. Even the deep artesian water in
the Cretaceous formations, which tends to move slowly, retains its low mineral content. The limestone
formations, which occur in southern Houston County, yield water that is moderately hard.

Iron occurs in objectionable amounts in ground water of much of the area. As little as 0.3 ppm
tends to stain porcelain and laundry. In some places ground water contains objectionable amounts of
iron in solution, whereas in a few places the water contains no iron. However, iron may be dissolved from
the iron pipes because of corrosive action of the water. A distinction between the two ways in which iron
may develop is very important, because the methods of treatment are not necessarily the same. The
corrosive potential of a water is indicated by the pH. The pH value, in simple terms, is a number denoting
the degree of acidity or alkalinity and is useful in evaluating the chemical character of water. A pH of 7.0
is considered neutral, which means that the water is neither acid nor alkaline. Values of pH greater than
7.0 denote increasing alkalinity, and those less than 7.0 denote increasing acidity. Almost all water in
the sandy formations of the area has a pH of 7.0, or less. Thus, the prevailing acid water tends to
dissolve iron from pipes with which it comes in contact, and on exposure to air the iron is precipitated as
a reddish stain.

Another striking feature of the ground water is its low chloride content. Water with a chloride
content of 500 ppm may have a discernible taste to some people. (Sea water has a chloride content of
slightly more than 19,000 ppm.) Throughout the Atlantic and Gulf Coastal Plain the deep water is salty,
and some deep-lying beds in midsections of the Coastal Plain contain salty water. No wells have yet
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penetrated salty water in the study area. Only along the southern border of Houston County at a depth
greater than 1,200 feet is it likely that salty water will be found.

USE OF GROUND WATER
All the municipalities of the Macon area use water from wells except Macon, which treats water

from the Ocmulgee River. The towns of Warner Robins and Fort Valley use between 1 and 2 mgd (million
gallons per day). Montezuma, Perry, and Butler use slightly less than 1 mgd, and other towns use less
amounts. Industrial use is not great, although several industries, a few miles south of Macon, in Bibb
County, pump a total of 3 or 4 mgd. Warner Robins Air Base now (1960) uses about 1.5 mgd. Locally
irrigation with well water is practiced but the overall use is small. Spraying peach trees during parts of
the year is an important rural use of ground water. Table 2 shows the ground water used in the Macon
area in 1959.

A feature of the use of ground water in the area is that no significant cone of depression has
developed in the water table or artesian-pressure surface, not even at Warner Robins or in the area south
of Macon. In both these areas, natural groundwater discharge by evapotranspiration and seepage into
streams is great. An increase in pumping will result in a decrease in the natural discharge ; thus, much
of the apparent waste of water by natural discharge can be salvaged, and pumping levels may not be
lowered appreciably by increased withdrawal. The potential supply of water from wells in these areas, as
well as in almost all other areas of the Coastal Plain, is considerable.

Table 2.—Use of ground water in Macon area, 1959

Use of water             Total water pumped
                         mgd           mgy

Municipal ---------------------- 9.9          3,614
Rural ---------------------------- 5.8          2,117
Industrial ---------------------- 2.4           876
Irrigation ---------------------- .62          61.8
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METHODS OF WITHDRAWING GROUND WATER
In the days of the early settlers, springs were a major source of water. Springs are still common

in low ground near streams, and they furnish water extremely low in dissolved mineral matter. The
excellent character of almost all water from springs in the area is due to the rather rapid circulation at
shallow depths through sandy deposits. Nearly all of the springs yield less than 10 gpm (gallons per
minute), and in fact, most yield 1 or 2 gpm. Since springs emerge from coves or reentrant, near the
bottom of a hill, they are not readily accessible to most water users, who tend to live on upland areas.

Dug wells 20 to 70 feet deep were common sources of water during past generations, but these
wells have decreased in number within recent years.

Drilled wells are increasing in number and are used through out the area. Wells penetrating
igneous and metamorphic rocks in the northern part of the area are cased to the top of hard rock to
depths ranging from a few feet to 100 feet ; the hole is open in the rock, and water enters the well from
fracture-type openings in the rock.

Almost all the drilled wells of the Coastal Plain draw water from beds of sand. Many wells no
larger than 3 inches in diameter have an open end which allows sand to flow into the well. Excessive
pumping causes these wells to fill with sand and thus to decline in yield. Other wells have a screen or
strainer at the bottom, the screen holding back the sand that otherwise would come into the well.
Almost all municipal and many industrial wells are of the multiple-screen type. These wells are furnished
with several screens that are placed opposite the beds of sand. Many of the multiple-screen wells have
gravel inserted as an envelope around them so that the pore space around the wells will be large enough
to allow water to move into the wells readily ; these are referred to as gravel-walled or gravel-packed
wells. Multiple-screen wells for which the sizes of the screens are properly selected, and in which the
screens are carefully set opposite the beds of sand, yield the maximum amount of water.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES
The areal distribution of the formations underlying the Coastal Plain of the Macon area is shown on the
geologic map (fig. 2) and their stratigraphic sequence is illustrated in figure 5. A description of the
geologic features and water-bearing properties of these formations follows.

Pre-Cretaceous Rocks
Igneous and metamorphic rocks of Paleozoic and older age lie beneath the sedimentary

materials of the Coastal Plain and are exposed in the extreme northern part of the area studied. These
so-called crystalline rocks were not separately mapped and were not studied in detail. Many of them are
granitic, being (1) true granite, (2) biotite-granite gneiss, or (3) a granite component in a diorite injection
complex. Slate and altered volcanic rocks occur in at least one northeast-trending belt. All these rocks
are highly weathered and where exposed are generally soft and friable.

As only a few drilled wells in the Macon area derive water from the igneous and metamorphic
rocks, few data are available from which to determine the water-bearing properties of these rocks.
However, although some wells yield as much as 100 gpm and others as little as 1 gpm, information
derived from a study of similar rocks in other parts of Georgia indicates that they yield only small
supplies of water. The average expected yield does not greatly exceed 20 gpm.

CRETACEOUS DEPOSITS
Tuscaloosa Formation

The Tuscaloosa formation is the oldest outcropping formation of the Coastal Plain of Georgia. It
extends into Georgia from the vicinity of Tuscaloosa, Ala., where it is typically exposed (Cooke, 1943, p.
8). It crops out as an irregular band, generally less than 15 miles wide, bordering the Piedmont province.

The south boundary of the Tuscaloosa, where it is in contact with a younger overlying formation,
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is not precisely distinguishable in the area studied. This is due to the lithologic similarity of Cretaceous
formations in their updip areas. Considerable difficulty was experienced in mapping the Cretaceous
deposits in Taylor County, where only the area north of the Central of Georgia Railroad is known with
certainty to be underlain by the Tuscaloosa formation. Of the area mapped as undifferentiated
Cretaceous, the stratigraphically lowest part is of Tuscaloosa age. Study of stratigraphic relations in the
area indicates that the Tuscaloosa is not overlapped by younger deposits but crops out continuously
across the area.

The Tuscaloosa formation consists of light-colored sand, sandy clay, and lenticular masses of
clay. It is not well bedded and no individual beds have been traced far. The beds do not indicate regular
or cyclic deposition, and hence the basal part of the formation may be lithologically similar to the top.
The Tuscaloosa thickens southward, and where it is covered by younger material it may be as much as
600 feet thick.

The Tuscaloosa formation in its outcrop area lies on crystalline rocks of Paleozoic and older
age. It is possible that deposits of early Cretaceous age underlie the Tuscaloosa in Southern Houston
County. The Cusseta sand of late Cretaceous age overlies the Tuscaloosa in southern Taylor County.
Southward, beds of the Blufftown and Eutaw formations tend to be wedged between the Cusseta and
Tuscaloosa. Eargle (1955, p. 23-31) mapped the Eutaw and Blufftown formations in Taylor County, but
the writer does not believe that they can be distinguished from the overlying and underlying formations. It
is possible that younger Cretaceous deposits, either the Ripley or the Providence formation, overlie the
Tuscaloosa in Peach County and on the uplands in central Taylor County. As far as could be
determined, the Tuscaloosa is overlain by the Providence sand in Houston County.
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Cusseta Sand
The Cusetta sand was named by Veatch (1909, p. 82-90) from the town of Cusseta in

Chattahoochee County. It is not distinguishable from the Tuscaloosa, which underlies it, or from the
updip part of the Ripley, which overlies it in the outcrop area. Therefore, it has not been mapped
separately but is in-cluded in the undifferentiated deposits of Cretaceous age. The Cusseta is composed
chiefly of loose yellow sand, although clay beds are common in the upper part. In fact, the deposits of
Cusseta grade upward into interlaminated yellow clay and fine sand of the Ripley formation with which it
is apparently conformable. Although the Cusseta is about 110 feet thick at Perry, Houston County, it is
probably not represented in the Cretaceous outcrop areas of Houston and Bibb Counties.

Ripley Formation
The Ripley formation is exposed in the deeper stream valleys of Schley County and in a few

places in Taylor and Macon Counties. It is not definitely known east of the divide between the Flint and
Ocmulgee Rivers, although beds in stratigraphic position corresponding to the Ripley crop out in northern
Peach County. Although distinctive in Schley County, it cannot be separated from other Cretaceous
formations in parts of Taylor, Crawford, and Peach Counties, and consequently may occur in the
stratigraphically high parts of the area mapped as undifferentiated Cretaceous.
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In its outcrop area, the Ripley probably does not exceed 80 feet in thickness, and downdip
under cover it does not thicken as much as other Cretaceous formations. Where erosion has exposed
the Ripley in valleys in Schley and Macon Counties, it is composed of dark-gray clay interlaminated with
lesser amounts of fine sand. After long exposure, the color becomes lighter, and outcrops in Taylor
County are light yellow or white In outcrops in Taylor County, the Ripley is sandy. Massive white kaolin
in Taylor County may be a part of the Ripley formation.

Providence Sand
The Providence sand was named by Veatch (1909, p. 86) from the settlement of Providence in

Stewart County. It is the youngest and uppermost Cretaceous formation in Georgia and consequently
forms the southernmost part of the Cretaceous belt in the area studied. It is well exposed west of the
Flint River in northern Schley and Macon Counties, and it also caps some of the hills in Taylor County. It
has been mapped eastward through Peach and Houston Counties to the Ocmulgee River. The
Providence lies on the Ripley formation except in southern Bibb and northern Houston Counties, where it
overlaps the Ripley to rest on the Tuscaloosa formation.

The dip at the top of the Providence formation, as estimated from outcrops and a study of wells
in Schley County, is slightly less than 15 feet per mile. If this dip is projected northward, it is apparent
that the ridge at Mauk, in Taylor County, is underlain by the Providence.

The Providence is less than 120 feet thick in its outcrop area, although it thickens under cover of
other sediments southward. It consists of light-colored sand and masses of white clay. In lithology it is
similar to the Tuscaloosa, with which it is in contact in northern Houston County. Except in Taylor
County its deposits are strikingly different from the dark-colored bedded clay and sand of the underlying
Ripley formation.

Ground Water in the Cretaceous Formations
In the Macon area the deposits of Cretaceous age furnish adequate water supplies to present

users and are capable of yielding enormous supplies to future developers. Water is derived from beds of
sands which characterize all the Cretaceous formations except the Ripley. The water contains little
mineral matter because of the comparative insolubility of the minerals through which it passes.

The surface of the Cretaceous deposits in their outcrop areas is generally mantled by loose
sandy soil containing very little interstitial clay. This sandy surface, despite its irregularities, permits rain
water to percolate downward into the ground rather than to run off. Thus, of about 45 inches of
precipitation on the area yearly, practically all goes directly into the ground. The Cretaceous deposits
are capable of temporarily retaining much of this water before it drains laterally into the stream valleys. If
the pumping of ground water increases, the amount of drainage into the valleys will decrease. Therefore,
in the outcrop area most of the precipitation is available for development, in addition to water already in
storage in the ground. 

South of and downdip from the outcrop area, the water-bearing beds of sand are covered by
impermeable clay, and the water is under artesian pressure. The beds of sand are lenticular and
consequently cannot be traced easily. However, as several beds of sand may be penetrated in a well at
least 300 feet deep, the discontinuity of beds at a particular horizon does not impair the development of
ground water.

The beds near the base of the Cretaceous deposits dip more than 35 feet per mile toward the
south and southeast, and those at the top dip a little more than 15 feet per mile in the same direction.
Inasmuch as the overall slope of the land surface is slightly less than 15 feet per mile to the southeast,
the Cretaceous deposits become buried at a progressively greater depth in that direction. They lie within
150 feet of the surface except beneath the upland in Houston County, where as much as 250 feet of
Tertiary sediments overlie them.
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The Cretaceous deposits have yielded as much as 1,000 gpm to several individual wells without
drawing the water level down more than 40 feet. Where large amounts of water are required, it may be
advantageous to place screens at the level of two or more sand beds. The practice of placing two or
more screens in a well, especially for municipal or industrial use, results in a composite water level of all
aquifers used and does not represent that of an individual aquifer.

TERTIARY DEPOSITS
Midway Group

Deposits of the Midway Group of Paleocene age overlie the Providence formation. The area of
outcrop narrows eastward and is completely overlapped near Perry, in Houston County. The Midway
does not have a broad continuous outcrop but in-stead occupies long narrow bands in the valleys of the
southern parts of Schley, Macon, and Peach Counties and small outliers north of Buck Creek in Macon
County.

The Midway Group, as mapped, consists of one or more thin beds of white sandy fossiliferous
limestone of the Clayton formation and bedded dark-brown clay. The beds are less than 75 feet thick in
the outcrop area. Stephenson and Veatch (1915, p. 69) estimate its thickness along the Flint River to be
300 to 400 feet, but this thickness doubtless includes deposits of Eocene age. Owen (1959, p. 48) refers
to bauxite in kaolinitic clay of the Midway Group in Sumter County, which lies south of Schley County.
Bauxite appears to have developed on the uppermost weathered parts of the dark-colored clay of the
Midway Group in both Sumter and Schley Counties.

The limestone beds in the Midway Group are too thin to be aquifers in the Macon area. The
beds of clay in the subsurface are everywhere in the area south of their outcrop area, and their relatively
low permeability almost prevents any transfer of water between the underlying Cretaceous aquifers and
the overlying Tertiary aquifers. So far as is known, no drilled well in the Macon area derives water entirely
from the Midway Group.

Tuscahoma Sand
Beds equivalent in age to the Tuscahoma sand of Alabama (Toulmin and others, 1951, p. 62-65)

occur in southern Schley County, according to Herrick (personal communication). The formation, of early
Eocene age, consists of dark-colored glauconitic silt and silty glauconitic sand. It probably does not
exceed 25 feet in thickness and is exposed only in stream valleys near the Sumter County line. Owing
to its low permeability, its local occurrence, and its thinness, the Tuscahoma sand is not considered
important hydrologically.

Tallahatta Formation
In the early part of the field work, the writer did not recognize the Tallahatta formation. The work by Owen
(1959, p. 48) in Sumter County pointed out that sands of the Tallahatta formation extended northward
into Schley and Macon Counties. The writer mapped sand deposits between the Tuscahoma and the red
clayey deposits of late Eocene age, but he assumed that they were part of the Gosport sand of middle
Eocene age. It now appears that the Tallahatta underlies the Gosport sand in the southern parts of
Schley and Macon Counties. These two formations are not easily separated. The Tallahatta contains
interlaminated sand and clay, the sand being somewhat coarser than that of the overlying Gosport. The
Tallahatta formation has a maximum thickness of about 50 feet.

Gosport Sand
On the geologic map of the Tertiary and Quaternary formations of Georgia, MacNeil (1947)

shows deposits of middle Eocene age overlying the Wilcox Group and older formations. So far as is
known, the Gosport sand represents the only middle Eocene deposit in the Macon area.

The Gosport sand consists of fine- to medium-grained sand and little or no interstitial clay. It
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contains some of the cleanest sand in Georgia. In southern Schley and Macon Counties, the Gosport
contains some calcareous sand, and farther south in adjacent Sumter and Dooly Counties the equivalent
of the Gosport is a marl or limestone.

Although the Gosport has a wide belt of outcrop, good exposures are limited to thin bands on
hill slopes below late Eocene deposits that cap the hills in the Gosport outcrop area. Sands of the
Gosport occur in Schley, Macon, Peach, and Houston Counties. The formation is generally less than 60
feet thick but appears to be much thinner, owing to the masking of its upper part by the slumping of the
overlying deposits. Red sandy clay of late Eocene age on upland slopes drapes over much of the
Gosport, concealing the white sand except in steep, recently formed road cuts.

Considerable water enters the Gosport sand. However, the fact that the Gosport occupies the
interstream areas and is cut into or through by valleys means that water can leak out along the valley
sides in much of the area. So much leakage occurs that in Peach County and in the northern part of
Houston County the Gosport is referred to by well drillers as the "dry sand." The leakage, for the most
part, is not localized to the extent of forming numerous springs but is disseminated so that most of the
water is lost through evaporation and transpiration.

South of the area of leakage, the Gosport furnishes adequate water supplies to domestic drilled
wells. The slight dip causes the Gosport to be at or near the surface. Consequently, it is the uppermost
aquifer in its outcrop area and southward. Water in the Gosport is under water-table conditions except in
the southern parts of Houston, Macon, and Schley Counties, where slight artesian pressures may exist.
The maximum expected yield from a well tapping the Gosport sand is not known, but it may be as much
as 140 gpm. The loose, incoherent sand requires the use of well screens. Many of the small screens are
replaced within 10 years because the water corrodes them. Except for the slight acidity of the water, it is
of good quality, being exceedingly low in dissolved solids.

Deposits of late Eocene age
Two formations, the Barnwell formation and the Ocala lime-stone, are equivalent to the Jackson

Group of the Gulf Coast.

Bright red sand composes most of the Barnwell formation, but some limestone and clay beds
also are present. The clay consists of one or more beds of green or dark-gray clay. It is typically
exposed in Twiggs County, adjacent to Bibb County on the southeast, and has been described as the
Twiggs clay member of the Barnwell formation (LaMoreaux, 1946, p. 19). Interbedded with the clay are
marl, calcareous clay, and lime-stone. The Twiggs clay member, including the nonclay beds, in most
places is less than 60 feet thick. Southward, the proportion of clay decreases.

The Ocala limestone occurs in southern and eastern Houston County. Also, an outlier of Ocala
limestone lies on Cretaceous deposits about 5 miles southeast of Roberta in Crawford County. It is more
than 20 miles (Cooke, 1943, p. 72) updip and north of any exposure of the Ocala. The separation of this
outlier from the main body of Ocala is due chiefly to its unique position between widely spaced streams ;
thus, it has been preserved from the somewhat ravaging erosion of stream valleys. The presence of
Ocala limestone at Rich Hill, in Crawford County, is evidence that deposits of late Eocene age once
extended farther north and that the veneer of red clay on the Fort Valley plateau, lying in the stratigraphic
plane, is a residuum of the Ocala. The presence of the Ocala at Rich Hill also indicates the magnitude of
the overlap of deposits of late Eocene age. These deposits extend over sediments of older Tertiary and
Cretaceous age and once rested on the crystalline rocks. The dip at the base of the Ocala is about 15
feet per mile to the southeast.

According to Cooke (1943, p. 75), the Cooper marl overlies the Ocala limestone with apparent
conformity. As it occurs only in southeastern Houston County and has no significance in the study of
ground water it will not be discussed further. The Cooper is distinctive from the Ocala in its faunal
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content rather than in lithology.

Residuum.—On the geologic map of the Tertiary and Qua-ternary formations of Georgia
(MacNeil, 1947), large areas of residuum are shown. This residuum is an insoluble residue of former
limestone beds, chiefly the Ocala limestone in the Macon area. It forms the Fort Valley Plateau, which
is a flat upland plain of solution. In much of the area mapped as residuum, solution has removed all
readily soluble material from the limestone. The residuum, for the most part, is a deep-red sandy clay,
occurring on the interstream areas and draping downslope over the underlying Gosport sand. Its downdip
limit is generally marked by a northwest-facing escarpment. This escrapment, a part of which is visible
south of Big Indian Creek in Houston County, gives a fair measure of the role of subsidence in solution of
this limestone. To some extent, limestone beds of the Midway group and some beds of Oligocene age
have been removed by solution, but they are not included in the residuum of this report. It is difficult to
distinguish between the residuum and the Barnwell formation ; the scarcity of distinctive beds and the
red color suggest that much of the Barnwell formation of eastern Georgia is a residuum of thin limestone
beds.

Ground Water in Deposits of late Eocene Age
Although the Ocala limestone is the most important artesian aquifer of the Coastal Plain in

Georgia, it does not extend northward far enough to be important in the Macon area. Only those drilled
wells on the upland in southern Houston County derive water from the Ocala. The water levels are more
than 100 feet below the land surface and the aquifer is under water-table conditions in Houston County.

The sands of the Barnwell formation and those of the residuum yield some water to dug wells,
but their elevated inter-stream positions, which favor leakage of water, and their thinness prevent them
from being important aquifers.

The largest source of water for the recharge of artesian aquifers on the Coastal Plain is the
outcrop area of the particular aquifer. This is essentially true of the Ocala limestone, but several
qualifying comments are in order. The outcrop area of the Ocala is difficult to delimit. The residuum of
Ocala west of the Flint River and north of Big Indian Creek is not in contact with the limestone aquifer.
Thus, the true outcrop area of Ocala limestone lies in a small area south of a line connecting
Montezuma and Perry but not including the upland in southern Houston County where the Suwannee
limestone crops out. Even in its restricted outcrop area the limestone is mantled by rather impermeable
residual clay, which might retard the recharge of water to the limestone. Therefore, it appears that the
outcrop area of the Ocala in the Macon area does not appreciably recharge the artesian component of
the Ocala farther southward. The blanket of relatively impermeable clay of the Midway Group should
prevent upward leakage of water from the underlying Cretaceous deposits and thus prevent recharge to
the limestone in this manner. The above statements suggest that the recharge facilities are poor.
However, they appear to be adequate for maintaining the natural artesian pressure in the limestone
farther south.

Suwannee Limestone
The Suwannee limestone of Oligocene age is an extensive formation in the southeastern part of

the Coastal Plain of Georgia, but in the area studied its main body is restricted to the upland south of
Big Indian Creek, in Houston County. The residuum in Houston and southeastern Macon Counties
probably includes some material that is part of the Suwannee. No good exposures of the Suwannee
were found, the limestone being mantled by thick residual soil and boulders of flint. The thickness of the
Suwannee limestone does not greatly exceed 50 feet.

The localized area and thinness of the Suwannee prevent it sufficient water for domestic drilled
wells, however. The water in the Suwannee limestone is under water-table conditions, and it is perched
about 100 feet above the water table in the underlying Ocala limestone. These two water tables are
separated by the relatively impermeable Twiggs clay member, which prevents water from the Suwannee
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leaking downward into the Ocala. South of Houston County, perhaps in Pulaski County, the intervening
Twiggs is absent, and the Suwannee and Ocala limestones becomes a hydrologic unit having only one
water table.

SURFICIAL DEPOSITS
Deposits classified as surficial include (1) the unsorted gravel and sandy clay of probable

Pliocene age overlying the Cretaceous and Tertiary deposits of the Coastal Plain over parts of the
interstream areas and (2) Quaternary alluvial deposits bordering the major streams.

Unsorted gravel is a matrix of red sandy clay forms a thin cap on parts of the upland area in
northern and eastern Taylor County. These deposits have been dissected by erosion to such an extent
that only in some interstream areas are they still preserved. Even so, they have migrated downslope,
and their true areal extent is arbitrarily delimited. These deposits range in altitlde from more than 700 to
less than 350 feet. They generally occur west of the Flint River and slope toward it, which suggests that
they may have been flood-plain deposits of the Flint River before it incised its valley to its present level.

The major streams flow through alluvium deposited by them at a relatively recent stage. The belt
of alluvium bordering the Flint and Ocmulgee Rivers is wider west of the rivers than east.

The surficial deposits at high elevations yield little ground water because of their thinness and
because of the great leakage of water from them to lower slopes. Little is known about the alluvial
deposits bordering the streams, but in some places they are believed to be thick and permeable enough
to furnish very large supplies of water to wells.

COUNTY DESCRIPTIONS
In the following pages, the geography, geology, and groundwater conditions in each county are

described briefly. Tables of representative wells and chemical analysis of water samples are given. Some
wells listed furnish domestic supplies, but information about the yield of each well is not available
because the amount of water actually needed for home use is small and may be only a fraction of the
potential yield of the well.

The wells for which data were collected are numbered consecutively by counties ; the numbers
in the well tables and the chemical-analyses table correspond to the well numbers in figure 6, and in the
text of the report.

BIBB COUNTY
Area : 251 square miles. Population : 139,999

Geography
Bibb County forms the northeast corner of the area of this report. Macon, the county seat and

only municipality, as well as the largest city of the area studied, has a population of 68,860. It is an
important manufacturing, railroad, and agricultural exchange point for the central part of Georgia. The
county is well served by rail, and the highway and community roads are good. The kaolin deposits of
Georgia extend into the county, and considerable kaolin is mined from the Cretaceous deposits east of
Ocmulgee River along the Twiggs County line. Some sand is recovered from the Tuscaloosa formation
south of Macon. Excellent road material for secondary roads is taken from disintegrated granite about 10
miles west of Macon.

The Piedmont Plateau occupies the northern half of the county. The topography is rolling to
hilly ; the main streams, having adjusted their courses to the structure of the underlying crystalline
rocks, flow eastward to join the through-flowing Ocmulgee River, which receives the entire drainage of the
county. Owing to the variety of rocks underlying the Piedmont, the soils differ from place to place, but in
general they are deep red and reasonably fertile.
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The Sand Hills represent the outcrop area of the Tuscaloosa formation and occupy the Coastal
Plain part of the county. This part of the county comprises a series of rolling divides between the large
creeks, the creeks flowing in east-west courses to the Ocmulgee River. The rather flat upland between
Tobesofkee and Echeconnee Creeks may be due to less erratic but more thorough stripping of overlying
deposits elsewhere. The upland east of the Ocmulgee River is higher than that west of the river. The
Ocmulgee River in deepening its channel has left patches and wide expanses of alluvium as river-cut
terraces on both sides. The business section of Macon is built on a terrace about 75 feet above the river.

Geology
The Tuscaloosa formation occupies the southern two-thirds of the county, forming a southward-

thickening wedge of sediments. The Tuscaloosa is composed of fine to coarse sand, in places mingled
with white kaolin and in others separated by lenticular and rather pure kaloin masses. The base of the
Tuscaloosa dips slightly east of the south at approximately 30 feet per mile, its contact with the
underlying crystalline rocks being 141 feet below sea level, or 500 feet below the land surface, at
Cochran field in the southern part of the county.

East of Ocmulgee River, outlying bodies of late Eocene age occur along the interstream area.
These deposits consist of (1) the Barnwell formation which is composed of massive deep-red, clayey
sand, (2) one or more beds of green or gray fullers-earthtype clay, and (3) beds of limestone having only
spotty outcrops. The limestone beds are limited to the area adjacent to Twiggs County on the southeast.
The red sands of the Barnwell formation on the interstream areas have slumped and crept downslope so
as to drape over the Tuscaloosa formation in many places. This draping has been so prevalent that it is
not unusual to see a contact between the Barnwell and the underlying Tuscaloosa at one point on a
slope and to see what appears to be the same contact at a considerably higher point on the same
slope, the higher point being the true contact and the lower one being a false or "drape" contact. Beds of
sand capping the low-lying upland south of Tobesofkee Creek near U. S. Highway 41 may be a part of
the Barnwell formation, although they have not been so mapped. They appear too low stratigraphically to
be Barnwell. Inasmuch as these beds are less than 25 feet thick in most places and are present only
locally, they have been placed in the Tuscaloosa.

Alluvial deposits bordering the Ocmulgee River and some parts of the larger creeks are the
youngest sediments in the county. They are of Pleistocene and Recent age. These deposits are
composed of unsorted clay, sand, and gravel, which in most places are less than 40 feet thick and
extend 1 or 2 miles on each side of the river.

Ground Water
Dug wells furnish practically all water used in the northern part of Bibb County underlain by

crystalline rocks. Generally they are about 30 inches in diameter, 20 to 60 feet deep, and yield
approximately 1 to 15 gpm from the weathered material above bedrock.

Where the Tuscaloosa formation extends south of U. S. Highway 80 and west of Ocmulgee
River, water supplies from drilled wells can be obtained readily. The number of sand beds increases
southward, resulting in an increase in the availability of water to wells southward. The Tuscaloosa
furnishes water to all drilled wells on the Coastal Plain of Bibb County except in the immediate area
around Macon where sands of the Tuscaloosa may be too thin. Some domestic drilled wells are only 2
inches in diameter and less than 70 feet deep, these wells satisfying local requirements of only a few
gallons of water per minute.

Development of ground water during World War II at Cochran Flying Field in the southern part of
the county has produced considerable information concerning the depth of the Tuscaloosa and its water-
bearing sands and the yield of water from them. In well 39 the sands above the 220-foot level were
screened at the following intervals : 106-121, 126-146, 174-179, and 210-220. When the static water level
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in the well was 64 feet in 1942, about 550 gpm was pumped and the water level was drawn down about
35 feet.

During World War II, efforts to develop a ground-water supply at Camp Wheeler, about 6 miles
east of Macon, were apparently successful, although this potential supply was not fully utilized. Here,
well 12 was drilled through 333 feet of sediments of the Tuscaloosa before ending on bedrock. Several
screens were set opposite the better sands, which resulted in a yield of 535 gpm and a drawdown of 45
feet.

The water in the two wells just cited was under only slight artesian head, owing to the small
difference between the elevation of the aquifers at the well and that at the intake area a few miles farther
north. Flowing wells with slight artesian head may be realized from the Tuscaloosa in the lowland areas
south of Macon.

The deposits of Eocene age are too thin to furnish water to drilled wells, and they have no water-
bearing significance in Bibb County. Alluvial deposits along the Ocmulgee River should furnish water to
industrial wells where these deposits are of sufficient thickness. The alluvium probably is similar in
water-yielding properties to the Tuscaloosa formation, which underlies it south of Macon.

A record of wells inventoried in Bibb County during the investigation is shown in table 3.

CRAWFORD COUNTY
Area : 313 square miles. Population: 5,796

Geography
Crawford County is almost entirely rural. Roberta, with a population of 673, is the only town,

although Knoxville, an adjacent settlement, is the county seat. Agriculture is the chief occupation and
peaches and cotton are important crops. Much uncultivated land is suitable for the growth of timber.
Kaolin is abundant in the Tuscaloosa formation, the major prospects having been described by Smith
(1929, p. 74-91). Limestone of the Ocala formation has been quarried at Rich Hill, 5 miles east-
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southeast of Roberta.

The northern half of Crawford County lies in the Piedmont province, the southern half in the
Coastal Plain. The Piedmont, for the most part, is very hilly, owing to the headward growth of many
small streams on the upland. Some land lies at an altitude of about 600 feet, especially along the divide
which Georgia Highway 7 follows. This divide separates the drainage basin of the Flint River on the west
from that of the Ocmulgee River on the east.

The Coastal Plain extends northward to the vicinity of Roberta, at which place its feather edge
has been made irregular by erosion by south-flowing streams ; thus, peninsulas of the Tuscaloosa
formation lie on the crystalline rocks of the Piedmont, producing a different outcrop pattern from that of
other counties along the Fall Line in which outliers are common. The Sand Hills, representing the
outcrop area of Cretaceous deposits, form most of the southern half of the county. The topography is
hilly, owing to the fact that both the Flint River on the west border and Echeconnee Creek on the east
border have channels considerably lower than the general upland. The erosion by tributaries of these two
streams has left a divide trending southeastward from Roberta ; the divide rises to more than 700 feet
above sea level at Rich Hill. The surface soil zone in the Sand Hills is generally so sandy that crops do
not thrive in it.

The Fort Valley Plateau, underlain by Eocene deposits, forms the upland area in the extreme
southeastern part of the county. In comparison with the hilly terrain of the adjacent Sand Hills, this area
is very flat and locally is poorly drained. The soil is relatively rich.

Geology
Of the Cretaceous deposits in Crawford County, the Tusaloosa formation is by far the most

extensive, its outcrop covering most of the area south of the Fall Line. It consists chiefly of white coarse
sand, sand mingled with kaolin, and lenses of kaolin. It thickens from less than 50 feet at Roberta to
perhaps more than 300 feet in the southern part of the county. No record is available of any well having
been drilled through the Tuscaloosa to the crystalline rocks south of the Roberta area. The Ripley
formation barely extends into the southern part of the county. It consists of yellow laminated sand and
clay beds, white sand, and some kaolin. Owing to the lithologic similarity between it and other
Cretaceous formations in updip areas, its contact is not definite. The Providence sand overlies the Ripley
formation, but as its updip beds barely enter the southeastern part of the county, it is probably less than
70 feet thick. Outcrops are limited to a few valley slopes.

Of the Eocene deposits, the Gosport sand lies under the resid-uum in the southern part of the
county, but its extreme thinness and the draping effect of the overlying residuum generally prevents its
exposure. The residuum also is relatively thin. It is a veneer of red sandy clay, in few places more than
50 feet thick, which forms the Fort Valley Plateau. The Ocala limestone farther north at Rich Hill,
equivalent in age to the residuum, is a small outlier more than 660 feet above sea level. Rich Hill is a
noted geologic locality consisting of soft white fossiliferous limestone more than 20 miles updip from the
main body of Ocala. Some dense gray clay, similar to the Twiggs Clay member of the Barnwell
formation in Twiggs County, occurs above the Ocala here. The presence of limestone here gives
evidence that the red sandy clay in stratigraphic alinement farther south represents the residuum of
dissolved Ocala limestone.

Alluvial deposits occur along the east side of the Flint River and are especially prominent at the village of
Nakomis.
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Ground Water
The crystalline-rock part of the northern half of Crawford County is less favorable for ground-water

supplies than the Coastal Plain. The area is hilly and well drained, allowing rapid runoff of rainfall and
consequently little influent seepage. Sufficient water for domestic supplies from both dug and drilled
wells may be obtained in most of this area. At Musella, 5 miles north of Roberta, none of several drilled
wells yielded as much as 30 gpm, and two yielded less than 5 gpm. A 3-mile east-west belt, including
the northern extension of the Tuscaloosa formation, properly may be included in this area because
drainage has cut through the Tuscaloosa into the crystalline rocks, permitting enough leakage to render
the Tuscaloosa deposits almost worthless as a source of industrial or municipal water supply.

Southward from Roberta, the Coastal Plain deposits thicken and reasonably large supplies can
be expected, although none have yet been developed. The Tuscaloosa formation contains several beds
of permeable sand, exposed or lying beneath a thin cover of Eocene deposits in the southern part of the
county. The Eocene deposits, composed of sand and sandy clay, except for the limestone at Rich Hill,
may yield small water supplies to shallow wells for domestic use. Deeper wells drilled through the
Eocene deposits pass into the underlying Cretaceous sand. Alluvial deposits of sufficient size to contain
water lie along the Flint River south of Highway 128.

Water of the Cretaceous deposits in Crawford County is, for the most part, under water-table
conditions. Some water moves southeastward down the dip slope beneath impermeable layers to build
up artesian head in Cretaceous aquifers in Peach County and in other areas southward. Some water
under artesian head is available in the extreme southern part of the county, and in valleys wells may
flow.

Table 4 is a record of wells in Crawford County.
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HOUSTON COUNTY
Area : 379 square miles. Population : 38,953

Geography
Houston County forms the southeast corner of the project area. As in most counties on the

Coastal Plain, the economy centers around agriculture, major products being peaches and cotton. The
Ocala limestone has been quarried at Clinchfield, the lime being used chiefly in the production of
cement. Deposits of kaolin, fuller's earth, and sand also occur in the county. Perry (population 6,000),
the county seat, is an important tourist center. Warner Robins, the only other town in Houston County,
increased in population considerably during World War II, owing to the rapid development of Warner
Robins Air Base on the terrace bordering the Ocmulgee River.

All of Houston County lies in the Coastal Plain province, the upland area north of Perry
belonging to the Fort Valley Plateau. This plateau has a gentle southeastern slope and is rather smooth
except where stream erosion has incised the surficial deposits of red clayey sand. The larger creeks
flow eastward to the Ocmulgee, thereby forming long and narrow, but not necessarily deep, eastward-
trending valleys. A north-facing escarpment occurs south of Limestone Creek, this escarpment
expressing the difference in degree of solution of limestone which this area has undergone. The lowland
on the north side of the escarpment lies as much as 150 feet below the upland. That solution of the
limestone is less active than formerly is indicated by the fact that no large springs or surface streams
emerge from the limestone now. This solution escarpment is a part of the great solution escarpment
extending southwestward through Georgia. The upland area south of the escarpment is the northern
extension of the Tifton Upland.

The Ocmulgee River forms the east boundary of Houston County. The streams within the county
flow through rather straight courses to the Ocmulgee, the entire county lying within its drainage area.

Geology
In the outcrop belt the deposits of Cretaceous age in Houston County are not readily

distinguishable. The Tuscaloosa formation probably occupies the valley of Echeconnee Creek ; it under-
lies the entire county and increases in depth and thickness toward the southeast. The remaining
outcropping strata of the Cretaceous, in the lowlands of the northern part of the county, are tentatively
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assigned to the Providence sand, which overlaps intervening formations to rest unconformably on the
Tuscaloosa in the area of outcrop. These two formations are lithologically similar, both being composed
of massive kaolinitic sand and lenticular deposits of almost pure sand and rather pure kaolin.

The log of well 23, listed below, reveals the presence of the Ripley and Cusseta formations,
although they are overlapped by the Providence sand in the northern part of the county.

The Midway Group overlies the Providence sand except in the extreme northern part of the
county, where the Gosport sand overlaps the Midway and lies on the Providence sand. The Midway is
exposed in several places in creek valleys near Perry, but southward it is concealed below younger
beds. According to a driller's log, 72 feet of chocolate-colored clay (presumably of the Midway) was
penetrated below the 60-foot level in well 28 at Clinchfield.

Log of well 23 drilled in 1952 at town of Perry, two blocks west of New Perry Hotel. Elevation of ground
318 feet. Description by S. M. Herrick.

       Thickness              Depth
        (feet)  (feet)

Middle and Lower Eocene (Undifferentiated) :
Sand, fine- to coarse-grained, limonitic,
        interbedded with thin stringers of clay ;
        gray, lignitic, micaceous ------------------------ 90                90

Paleocene:
    Midway Group :
      Clayton Formation :
        Clay, dark-gray, hackly, lignitic --------------------------- 6                            96

Upper Cretaceous:
    Providence Sand :
       Clay (or kaolin), white to pink (mottled), 
         micaceous, somewhat sandy, interbedded 
         with thin tongues of sand. Sand is fine-to 
         coarse-grained, arkosic, pyritiferous,
         sideritic ----------------------------------------------------------- 47               143
    Sand, fine- to coarse-grained, arkosic, pyri-
         tiferous, sideritic, interbedded with thin 
         stringers of gray to red (mottled) sandy,
         micaceous clay (or kaolin) -------------------------------- 73               216

Ripley and Cusseta Formations (Undifferen-tiated) :
    Marl, bluish-gray, lignitic, micaceous, sandy, 
       sideritic, pyritiferous ------------------------------------------- 29               245
    Sand, fine- to coarse-grained, rather massive, 
       angular grains, arkosic, interbedded with 
       occasional stringers of gray micaceous, 
       somewhat sandy clay (or kaolin) ------------------------- 245               490

Blufftown Formation :
    Clay, dark-brown, fissile, lignitic,
        micaceous sandy --------------------------------------------- 14               504
    Sand, fine- to coarse-grained, massive, 
        angular, arkosic, micaceous, pyritiferous,
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        interbedded with thin stringers of dark-brown
        fissile, lignitic, micaceous, sandy clay --------------- 120               624

The Gosport sand underlies the uplands north of Indian Creek, but it lies above the larger
creeks. On the uplands it is mantled by residuum or other deposits. It consists chiefly of clean sand, but
some calcareous materials are present in the southern part of the county. Its thickness does not exceed
100 feet, except possibly in the southernmost part of the county.

Deposits of late Eocene age, present throughout the county, but somewhat eroded, are more
varied lithologically in Houston County than in any other part of the Macon area. Along U. S. Highway 41
about 3 miles south of Echeconnee Creek, red sand of the Barnwell formation is exposed. It is not
separately mapped, owing to its similarity to the residual deposits of Ocala limestone, which is its
downdip equivalent. The Ocala is exposed at Clinchfield and at isolated localities, especially near
Limestone Creek. Beds of limestone are interlayered with green and gray clay of the Twiggs clay
member of the Barnwell formation. In the extreme southern part of the county, the Twiggs clay is thin or
absent, so that southward the upper Eocene units are all Ocala limestone.

Overlying the Ocala in the southern part of the county is the Suwannee limestone of Oligocene
age. It is generally mantled by residual soil weathered from it. Outcrops of the Suwannee are not
abundant.

Alluvial deposits are mostly confined to the area bordering the Ocmulgee River. These deposits,
on which Warner Robins Air Base is located, form a low terrace about 3 miles wide extending westward
from the river to Warner Robins.

Ground Water
In the northern two-thirds of the county nearly all drilled wells derive water from one or more sand

beds in the Providence Sand. Sand of the Providence underlies the entire county except the valley of
Echeconnee Creek ; it is exposed in valleys in the northern part of the county and is buried beneath
younger formations, at a progressively greater depth, toward the south. Wells 150 feet deep, or less,
penetrate the Providence sand north of Limestone Creek. Water from the Providence is under artesian
conditions in the area around Mossy Creek and southward. Flowing wells from this formation can be
obtained in the lowland areas bordering Big Indian Creek and Mossy Creek. Water from the several
flowing wells along Mossy Creek at Lake Houston is derived from sand of the Providence.

Underlying the Providence, and almost indistinguishable from it so far as ground-water properties
are concerned, are other Cretaceous formations containing water-bearing sand and clay. Owing to the
lenticularity of the sand and clay and to the sparsity of wells penetrating the Cretaceous deposits,
correlation of specific sand beds between two wells is not possible, except locally. This is of no
consequence, because several sand beds are present everywhere, all of which, if properly developed, will
yield large quantities of water. Both the city of Perry and the Air Base at Warner Robins utilize various
sand beds of the Cretaceous deposits, and, with the exception of these two centers, the amount of
water that can be withdrawn from these deposits has not been tested.

Overlying the sand beds of the Providence in the southern two-thirds of the county and acting as
a confining layer for the water in the sand, is bedded chocolate-colored clay of the Midway Group. The
clay yields very little water and is relatively impermeable. The Midway Group is less than 75 feet thick in
the vicinity of Perry.

The Gosport sand and the overlying residuum, taken as a unit, constitute most of the upland
surficial deposits north of Limestone Creek. These deposits yield water to dug wells and to some drilled
wells south of Big Indian Creek. The sand of the Gosport is loose and porous, but little water is derived
from either the Gosport or the residuum north of Big Indian Creek, owing to the drainage of water from
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the sand into the valleys of Mossy and Big Indian Creeks. Several flowing wells of small yield obtain
water from the Gosport sand along Limestone Creek near Clinchfield. The shallowest of these is 35 feet
deep.

South of Flat Creek the Ocala limestone occurs in sufficient thickness to be important as a
reservoir for ground water. Despite its gentle southern dip, the Ocala is buried beneath younger deposits
under the limestone cuesta in the southern part of the county and is not within easy reach of shallow
drilled wells. Green relatively impermeable clay of the Twiggs clay member of the Barnwell formation
separates the Ocala from the overlying Suwannee limestone ; (therefore, each limestone unit has a
separate water table). The water level in the Suwannee limestone lies approximately 45 feet below the
surface ; that in the Ocala lies much deeper. Very few wells penetrate the Ocala limestone because
adequate domestic supplies can be obtained from the Suwannee. South of Houston County, in Dooly
and Pulaski Counties, the Twiggs clay member is absent, allowing the Ocala and Suwannee limestone
to act as a hydrologic unit.

Water from the Providence and other Cretaceous deposits of Houston County is similar in
quality to that from Cretaceous sand in adjacent counties. Well 24 yields water representative of the
Providence, having 25 ppm dissolved solids. The corrosiveness and high-iron content of some water from
the Cretaceous deposits are generally the only objectionable aspects. The Gosport sand fields soft
water of good quality. Water from the Ocala and Suwannee limestones is moderately hard.

A record of wells in Houston County is shown in table 5.

MACON COUNTY
Area: 399 square miles. Population : 13,120

Geography
Macon County is in the southern part of the project area. Montezuma, the largest town

(population 3,500) is near the center of the county and is separated from Oglethorpe, the county seat, by
the Flint River. Other towns are Ideal and Marshallville. Agriculture is the chief occupation, peaches and
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cotton being the important crops. Although mining is not carried on actively, considerable prospecting
has been done for bauxite in the Midway deposits between Buck Creek and the Flint River, and a map of
the bauxite area has been prepared (Zapp, 1943). Kaolin in the Providence sand is commonly intermixed
with sand, and thick pure beds of kaolin are rare. The white sand of the Gosport sand south of
Marshallville is fine, even textured, and relatively pure ; it has not yet been utilized. Good rail and
highway routes serve the county.

The Flint River flows due south, splitting the county in half. No large tributary enters the Flint
from the east. This lack of drainage has generally preserved the fertile peach-growing upland, in contrast
to the west side of the river north of Buck Creek, where deposits above the Cretaceous generally have
been stripped away by the southeast-flowing tributaries of the Flint River. Why the west side of the
county should be easily drained and eroded away while deposits along the same strike east of the river
are preserved is not clear. The erosive work of these tributaries, by exposing relatively infertile soils of
the Providence formation, has resulted in a sparsity of population and less production of crops than on
the east side of the river. Physiographically, the result has been to extend the Fall Line southward to
Buck Creek west of the Flint River ; they do not exist east of the river in Macon County.

The upland on the east, representing the Fort Valley Plateau, lies at an altitude of 490 feet at
Marshallville and slopes gently southward. The channel of the Flint River lies more than 150 feet below
the upland and is close to it, producing a prominent escarpment facing west toward Ideal. Much of this
lowland east of Ideal and north of Oglethorpe lies below an altitude of 330 feet.

Geology
All of Macon County is south of the Fall Line. The crystal-line rocks are buried under more than

700 feet of sedimentary rocks in the northern part of the county and probably under more than 1,000 feet
in the southern part.

Of the Cretaceous deposits, the Tuscaloosa formation also is buried beneath younger
sediments but at a depth of less than 500 feet, except in the southern and southeastern parts of the
county. According to Herrick, who examined the samples of well 36 at Montezuma, the Tuscaloosa
formation had not been reached at a depth of 536 feet. The Cusseta sand overlies the Tuscaloosa
formation except in the extreme southern part of the county, where beds of Blufftown age may intervene.
The Cusseta, composed chiefly of sand, is not readily distinguishable from other Cretaceous formations.
The Cusseta is at least 175 feet thick at Montezuma.

The Ripley formation underlies the entire county except in streams exposing the underlying
Cusseta. The Ripley is composed of bedded micaceous clay, normally dark gray but dark brown or
black when wet. Northward in the main outcrop area, the Ripley, in weathered samples, is composed of
bedded yellow micaceous sandy clay. It thickens from less than 100 feet in the northwest to
approximately 160 feet at Montezuma.

The Providence sand crops out extensively between the Flint River and Buck Creek and in the
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valley of Big Indian Creek east of Marshallville ; elsewhere it lies beneath Tertiary beds. It is composed of
poorly bedded white or light-colored sand and kaolin. Three miles northeast of Ideal the Providence is
about 120 feet thick, and at Montezuma it is about 145 feet thick.

Deposits of the Midway Group once covered the entire county, but they have been stripped
away north of Buck Creek except for a few isolated outliers. Outcrops elsewhere are restricted to certain
lowlands where streams have eroded overlying deposits. The Midway is composed of less than 50 feet of
laminated chocolate-colored clay and a relatively thin limestone bed.

The Tallahatta formation occurs only in the southern half of the county, and it is less than 75
feet thick. Its outcrop is limited to valleys where overlying Eocene deposits have been removed. It
consists of fine and coarse sand generally mingled with some kaolin, and is similar in character to the
overlying Gosport sand.

GEOLOGY AND GROUND-WATER RESOURCES-MACON AREA, GA.
The Gosport sand is absent north of Buck Creek but forms a thin blanket of fine white sand

beneath the interstream area farther south. It is conspicuous in several valleys 4 miles south of
Marshallville. The true thickness of the Gosport probably does not exceed 70 feet and even this
thickness is not apparent, owing to the mass movement of the overlying residuum, which drapes over
much of the Gosport on most slopes.

The Ocala limestone may have covered the county once. If so, it has been almost entirely
dissolved away. Some limestone fragments are exposed along a country road 5 miles south of
Marshallville, and it is likely that some discontinuous layers of limestone lie beneath the soil
southeastward. The residuum, left after solution of the limestone, mantles the upland south of Buck
Creek and the upland east of the Flint River. The residuum has been removed by erosion northwest of
Montezuma.

The youngest deposits are composed of alluvium that borders the Flint River. The alluvium south
of Montezuma forms a belt 1 or 2 miles wide on each side of the river. North of Montezuma the alluvium
spreads out for several miles in places on the west side of the river, forming a flat fertile terrace near the
Taylor County line.

Ground Water
Although the Tuscaloosa formation does not crop out in Macon County, its beds of sand

undoubtedly contain large quantities of water awaiting withdrawal if sufficient supplies are not available in
overlying formations. Fortunately the Cusseta contains good water-bearing sands at less depth than the
Tuscaloosa, and consequently it is the chief aquifer for industrial and municipal wells. The top of the
Cusseta is approximately 360 feet below the land surface at Montezuma, and less deep to the north and
northwest. The Providence sand, exposed in much of the area between the Flint River and Buck Creek,
is composed of one or more good water-bearing sands in the outcrop area and where covered by
younger deposits. The Providence is especially suited for domestic wells in the area north of Oglethorpe
and in the area around Marshallville. The deposits of Cretaceous age, as an aggregate, are capable of
yielding very large supplies of water to wells that are properly developed.

Deposits of the Midway Group do not contain an aquifer in the county. East of the Flint River
and south of Marshallville, the Midway forms a nearly flat but southward-dipping zone, separating the
Cretaceous aquifers below from the aquifers of Eocene age above.

The Tallahatta formation is a potentially important sand aquifer south of the latitude of
Montezuma. The Tallahatta and the overlying Gosport sand, considered together, represent the near-
surface aquifer in the southern part of Macon County.
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Where present, the Gosport sand is the most widely used aquifer for domestic drilled wells. In
the upland south of Buck Creek and the area east of the Flint River the Gosport lies under a thin layer of
residuum, and wells as deep as 90 feet extract sufficient water for domestic use from beds of fine sand.
Most of these wells are 3 inches or less in diameter and are equipped with a 5-foot screen at the bottom
of the casing. The overlying residuum is too thin and clayey to provide water to any except shallow dug
wells.

The higher land surface east of the Flint River results in a deep water level there. The static level
in a well at Marshallville is 100 feet below the land surface. This level represents the composite artesian
head of water of several sand beds of the Cretaceous deposits. No flowing wells exist on the upland east
of the Flint River, although flows from Cretaceous aquifers may be had in the valley of the Flint River and
in the lowland west of the river. Flowing wells occur at Montezuma, Oglethorpe, Ideal, and Miona State
Park, 8 miles north of Oglethorpe, all tapping the Cusetta sand.

The alluvial deposits bordering the Flint River contain sand and gravel mingled with clay. They
are not well sorted and differ considerably in texture and composition from place to place. A few
domestic wells have been drilled in the alluvium south of Montezuma and Oglethorpe, but these are only
about 30 feet deep and do not indicate either the thickness of the alluvium or the potential yield. The
alluvium west of Flint River and north of Oglethorpe may vary in thickness but may not differ much in
lithology and permeability from the Providence, which generally underlies it.

Because no well in Macon County draws water exclusively from the Tuscaloosa formation, the
quality of its water is not known. The water certainly is soft, although some mineral matter may be taken
up or exchanged in its downdip movement. Water from the Cusseta also is low in dissolved solids and is
distinctly acid (well 15). The water from sands of the Providence is similar in quality to that from the
Cusseta.

The quality of water from the Tallahatta and Gosport formations is good. The water is low in
mineral matter because it is derived chiefly from local precipitation, and the sand through which it travels
is relatively pure.

Table 6 is a record of wells in Macon County.
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PEACH COUNTY
Area : 151 square miles. Population: 13,790

Geography
Peach County is near the center of the project area and is one of the smaller counties in the

State. Fort Valley, population 8,600, and Byron, population 379, are the only towns. The interstream
area is fertile, and the growing of peaches is an important industry.

The county lies within the Coastal Plain province, and it is here that the Fort Valley Plateau is
typically developed. The plateau is rather flat and slopes gently southeastward. Several southeast-
flowing creeks cut through the red sandy clay of the upland to mar the continuity of the plateau.
Although Flint River borders the county in the extreme western corner, almost the entire county lies
within the drainage area of the Ocmulgee River.

Geology
Some undifferentiated Cretaceous deposits older than the Ripley are exposed in the extreme

northern part of the county, being buried at progressively greater depth southward. Over-lying these
deposits, and similar in character to them, is the Ripley formation. South of Byron, streams cut into the
uppermost beds of Cretaceous age, exposing the sand and kaolin of the Providence sand.

Deposits of the Midway Group, consisting of brown bedded clay, overlie the Providence in the
southern half of the county. The thickness of the Midway deposits is not in excess of 70 feet, and they
thin out completely before reaching Fort Valley. White and yellow sands of the Gosport overlie the
Midway in the south and the Providence farther north. Where exposed, the Gosport occupies the upper
parts of the valley slopes. It averages slightly less than 100 feet in thickness in the area around Fort
Valley, but its true thickness and character are generally masked by residuum, which drapes over its
upper part. The residuum caps the interstream area but in most places is less than 50 feet thick.

Ground Water
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Dug wells furnish some water for domestic use and generally are confined to the interstream
area underlain by residuum. The Gosport sand is not a good aquifer in spite of loose, clean sands,
because its interstream position permits considerable leakage from the sands. Most wells drilled for
domestic use penetrate sands of the Providence, these wells averaging about 125 feet in depth. Sands
of Cretaceous age below the Providence have not been utilized except at Fort Valley and Byron. In the
southern part of the county, sands of the Cusseta and Tuscaloosa formations are good aquifers, but they
have not been developed. More than 500 feet of deposits of Cretaceous age, much of which is sand,
occurs in the southern part of Peach County.

The water level in the aquifer used in the Providence is generally more than 120 feet below the
surface of the upland. Although flowing wells are absent, the major stream valleys should produce flows
from the Cusseta or Tuscaloosa formations.

A record of wells in Peach County is shown in table 7

SCHLEY COUNTY
Area: 162 square miles. Population: 3,244

Geography
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Schley County forms the southeast corner of the project area. Ellaville, the county seat and only
town, had a population of 886 in 1950. The economy of the county is devoted almost entirely to
agriculture. It is well served by highways, and the Central of Georgia Railroad passes through Ellaville
and the southern part of the county.

The entire county lies in the Coastal Plain province, the upper half forming the Sand Hills,
characteristic of areas of Cretaceous deposits. The southern half of the county, for the most part, is
capped by red residual soils, and the terrain is similar to the Fort Valley Plateau. The major creeks flow
eastward and southward to join the Flint River in Macon and Sumter Counties. Thus, the entire county
lies within the drainage basin of the Flint River.

Geology
The Tuscaloosa formation slopes southeastward beneath younger deposits of Cretaceous age

and is neither exposed nor penetrated by wells in the county. The top of the Tuscaloosa was not
reached at Ellaville in a well 860 feet deep. Both the Blufftown formation, which is not exposed in the
area, and the Cusseta sand, which is not readily distinguishable, underlie the county.

The Ripley formation crops out in the lowland area in the northern part of the county. It consists
of brown laminated clay along Buck Creek, but in updip areas the clay becomes yellow and is
intercalated with sand. The overlying Providence sand has an extensive area of outcrop in the northern
half of the county.

Deposits of the Midway Group occur south of Buck Creek where they are exposed along the
valley slopes. The Midway, which overlies the Providence sand, consists of brown laminated clay and a
limestone bed. In the area of outcrop, it does not exceed 75 feet in thickness, and the limestone bed
crops out as discontinuous fragments of nodular calcareous material less than 10 feet thick.

The Tuscahoma sand occurs south of the latitude of Ellaville, but it is exposed only in the valley
of Muckalee, Little Muckalee, and Camp Creeks. The Tuscahoma consists chiefly of silty, glauconitic
sand. It is dark in color, and on casual observation appears similar to the clay of the Midway Group. The
Tuscahoma is probably less than 25 feet thick. It is less permeable than the overlying Tallahatta
formation but slightly more permeable than the clay of the Midway Group.

The Tallahatta formation is restricted to the area south of Buck Creek. It is composed chiefly of
medium to coarse sand and is not easily distinguished from the overlying Gosport sand. The three
creeks in the southern part of the county cut completely through the Tallahatta, allowing water to
discharge freely from the sand and thus preventing a buildup of artesian pressure.

The Gosport sand overlies the Tallahatta south of Ellaville and the Midway north of Ellaville. It
does not extend north of Buck Creek. Capping the Gosport sand is the residuum of Eocene rocks, which
blankets the upland in the southern half of the county.

Ground Water
Little is known about the ground-water potentialities in Schley County, although inferences may

be drawn from a study of the same deposits in nearby counties. Most of the drilled wells are of small
diameter and are relatively shallow. North of Ellaville these wells are generally about 100 feet deep and
draw water from the Providence sand. South of Georgia Highway 26, most of the wells tap sand beds of
the Gosport and are less than 70 feet deep.

The town of Ellaville derives its municipal water supply from two drilled wells. Well 13 penetrated
several sand strata of Cretaceous age. Screens were set at the following intervals: 177-183 feet, 218-223
feet, 258-263 feet, 303-309 feet, 487-493 feet, 531-537 feet, 568-578 feet, and 618-624 feet. According to
the Layne-Atlantic Co., drillers of this well, 70 tons of gravel was placed around the screens. With a
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static level of 145 feet, a pumping test at the completion of drilling showed the well to yield 245 gpm with
a pumping level of 180 feet.

On the basis of the yield of this well, it is reasonable to expect that comparable supplies (about
7 gpm per foot of draw-down) may be obtained from completely developed wells any where in the county.
Only sands of Cretaceous age have the capacity for large industrial supplies, and these sands, if
developed collectively, should furnish rather large quantities of soft water.

Table 8 lists records of wells in Schley County.

TAYLOR COUNTY
Area : 400 square miles. Population: 8,277

Geography
Taylor County forms the northwest corner of the area studied. Butler, the county seat, with a

population of 1,182, and Reynolds, with a population of 906, are the only towns. The economy of the
county centers around agriculture, although the soil as a whole is relatively infertile. Such mineral
products as kaolin, sand, and gravel await development.

Taylor County, except for the extreme northern part, which is in the Piedmont Plateau, lies
within the Coastal Plain. The Sand Hills, in the outcrop area of Cretaceous deposits, are well developed.
Southeast-flowing streams have cut deeply below the upland, which is 780 feet in altitude at Mauk in the
western part of the county and more than 700 feet in numerous places. The upland interstream areas are
mantled by residual sand from which interstitial materials have been washed or dissolved away by
percolating subsurface waters. So porous is the residual sand that a large part of the rainwater soaks in,
leaving little to run overland to streams. The divide extending northwestward from Butler persists because
of its interstream position and because the low surface runoff retards erosion.

Geology
The sediments of the Coastal Plain in Taylor County extend southward from the area of Little

Patsiliga Creek, thickening at a rate probably greater than 35 feet per mile. The Tuscaloosa formation
cover the crystalline rocks, although residuum on top of the crystalline rocks and the Tuscaloosa
deposits are lithologically similar, being composed of poorly bedded white kaolin, light-colored sand, and
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sandy clay.

The Ripley formation, as exposed in Taylor County, consists of fine yellow sand interbedded
with yellow clay and white kaolin. The Ripley occurs in the southern part of the county and may underlie
a part of the interstream area north of Butler. Beds of black clay containing plant remains occur locally,
but in outcrops exposed for any time the black clay becomes bleached and resembles white kaolin. One
of the fossil-plant localities is on the south side of Whitewater Creek on the old road to Charing, 6 miles
southwest of Butler. Another occurs near a stream crossing 2 miles southwest of Reynolds.

The Providence sand caps the hills in the southern part of the county and probably occurs on
the divide north and west of Butler, although it is indistinguishable from the underlying Cretaceous
deposits.

A flat area about 3 miles south of Butler at an altitude of about 650 feet may be residuum from
limestone of Eocene age. This area is underlain by fertile red clayey soil upon which are several
sinkholes. The surface is stratigraphically high enough to be an outlying updip extension of residuum
from Macon County; it is on strike with, and at about the same altitude as, the Ocala limestone at Rich
Hill, in Crawford County. The possibility exists, however, as Eargle points out (1955, p. 65), that the
Ripley formation may lie at the surface.

In much of the northern and eastern parts of the county, isolated bodies of gravel occur without
any obvious relation to the topography or drainage. Although the gravels cap some of the high hills, they
occur at random altitudes, such as at 710, 650, 550, 475, and 395 feet. From the hilltops, some of the
gravelly material has migrated downslope so that the true areal extent is difficult to delimit. A broad
expanse of gravelly material on the west side of the Flint River has been mapped with the high-level
gravel. The deposits are composed of gravel of various sizes, derived chiefly from quartzite but also from
quartz veins, disseminated in a matrix of red sandy clay. Shallow depressions elongated southward
occur in these deposits near Reynolds.

Ground Water
Ample water for present needs is available from wells everywhere in Taylor County. Although

little water is used, indications are that large supplies are available in the southern three-fourths of the
county.
Crystalline rocks crop out north of Little Patsiliga Creek. Residual material weathered from the
underlying rocks furnishes water to dug wells, and a few drilled wells extend into the fractured rocks.

All drilled wells and most dug wells south of Little Patsiliga Creek derive water from deposits of
Cretaceous age. These deposits generally contain several beds of sand and clayey sand separated by
beds of kaolin and clay. Some of the sands occur as lenses and may not extend very far. The sands are
prevalent enough and permeable enough, however, to be capable of transmitting large quantities of water.

A significant feature of the county is the thin mantle of loose, porous sand lying on most of the
Cretaceous deposits. This sand mantles both the uplands and the lowlands, indicating that it is a
residue of Cretaceous deposits. It is so permeable that almost all precipitation soaks into the ground,
resulting in little surface runoff despite the hilliness of the area. As a result, a very large part of the 45
inches of precipitation is available to wells.

A record of wells in Taylor County is shown in table 9.
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