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Supplemental Information
This report synthesizes published and previously unpublished age data for emergent late 
Pliocene to Holocene shoreline deposits in the lower Savannah River area (LSRA) of Georgia, 
a part of the southeastern Atlantic Coastal Plain (SEACP), and presents a preliminary 
chronology for these deposits based on included data. The cited references are only a 
fraction of the literature available on emergent shoreline deposits in the SEACP but provide a 
concise summary and present status of geologic investigations in the LSRA. Most previously 
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Synthesis of Geochronologic Research on Late Pliocene 
to Holocene Emergent Shorelines in the Lower Savannah 
River Area of Southeastern Georgia, USA

By Helaine W. Markewich,1 Milan J. Pavich,2 Shannon A. Mahan,1 Paul R. Bierman,3 
Wilma B. Alemán‑González,1 and Arthur P. Schultz2

Abstract
Emergent late Pliocene and Pleistocene shoreline deposits, 

morphologically identifiable Pleistocene shoreline units, and 
seaward-facing scarps characterize the easternmost Atlantic 
Coastal Plain (ACP) of the United States of America. In 
some areas of the ACP, these deposits, units, and scarps have 
been studied in detail. Within these areas, temporal and spa-
tial data are sufficient for time-depositional frameworks for 
shoreline-evolution to have been developed and published. 
For other areas, such as the southeastern Atlantic Coastal Plain 
(SEACP), available data are conflicting and (or) insufficient to 
develop such a framework, or to make shoreline correlations. 
Differential epeirogenic uplift and shoreline deformation, result-
ing from mantle-flow and climate-induced isostatic adjustments, 
complicate regional shoreline correlations. In the SEACP, 
the topographically prominent Orangeburg Scarp (hereafter, 
the Scarp) rises tens of meters in elevation from southeastern 
Georgia to southeastern North Carolina. The degree to which 
the Scarp and shoreline units seaward of the Scarp are deformed 
continues to be debated, but there is general agreement that 
the lower Savannah River area (LSRA) of Georgia and 
South Carolina is the least deformed area of the SEACP.

This paper synthesizes published and previously unpub-
lished numerical age and stratigraphic data for emergent 
Pliocene and younger shoreline deposits in the LSRA in 
Georgia. Age data are applied to these shoreline deposits as 
they are delineated (map units) on the 1976 geologic map of 
Georgia by Lawton and others. Age assignments are based 
on stratigraphic position, fossil content, soil and weathering 
diagnostic properties, and numerical ages as determined by 
meteoric Beryllium‑10 paleosol residence time (10BePRT), 
optically stimulated luminescence (OSL), uranium disequilib-
rium series (U-series), amino acid racemization (AAR), and 
radiocarbon (14C) analyses. These data provide a preliminary 

1U.S. Geological Survey.

2U.S. Geological Survey, retired.

3University of Vermont.

Pliocene-Pleistocene geochronology for the Orangeburg Scarp 
and shoreline deposits seaward of the Scarp in the LSRA of 
Georgia. Minimum ages and age ranges indicate the following:

•	 the Orangeburg Scarp formed sometime in the late 
Pliocene and early Pleistocene, between 3 Ma and 1 Ma;

•	 three, and possibly four, shoreline complexes were 
deposited in the middle Pleistocene;

•	 two shoreline complexes were deposited in the late 
middle and the late Pleistocene;

•	 deposition of the youngest shoreline complex began in 
the late Pleistocene and continues to the present;

•	 each shoreline complex was modified by multiple sea 
level highstands over time periods that lasted tens of 
thousands to hundreds of thousands of years; and

•	 Pleistocene shoreline chronology differs in part from 
modeled global sea level highstands.

Introduction
The easternmost Atlantic Coastal Plain (ACP) of the 

United States of America from New Jersey to northeastern 
Florida is characterized by emergent Pliocene and Pleistocene 
barrier/beach-ridge and back-barrier deposits and prominent 
seaward-facing scarps. Many of the barrier/beach-ridge and 
back-barrier deposits form morphologically identifiable units 
that have been mapped as stratigraphic formations and (or) 
informally referred to as shoreline deposits, sequences, and 
complexes. These morphostratigraphic units, shoreline deposits 
with no apparent surface morphology, and scarps extend for 
tens to hundreds of kilometers subparallel to the present coast. 
Elevation change greater than a few meters along the length of 
a mappable shoreline unit, an individual barrier/beach-ridge, or 
a scarp has been attributed to broad wavelength, mantle-flow 
and climate induced, crustal deformation that occurred during 
and (or) after shoreline formation. The degree of deformation 
is not regionally uniform, continues to be debated, and compli-
cates shoreline correlation.
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A number of references on the stratigraphy and degree of 
deformation of these shoreline units and scarps are included in 
the Background section of the Introduction. We refer the reader 
to articles in Oaks and DuBar (1974a) and the included refer-
ences for a summary of ACP Pleistocene stratigraphic research 
through the middle 1970s. Since the late 1970s, most published 
spatial data (for example, geologic maps and elevation profiles), 
time-stratigraphic data, and numerical age data are for emer-
gent shoreline units in the middle ACP north of the Cape Fear 
Arch and the southeastern ACP (SEACP), north of Charleston, 
South Carolina (fig. 1). Doar and Kendall (2014) provide refer-
ences and a summary of stratigraphic research and a discussion 
on possible deformation of Pleistocene units and scarps in South 
Carolina. Their data, however, are limited for the area south of 
Charleston. This report focuses on presenting published and 
previously unpublished stratigraphic and age data for emergent 
Pliocene and Pleistocene shoreline units in the lower Savannah 
River area (LSRA) of Georgia (fig. 1). Most of the numerical 
ages are the result of investigations made in the last 30 years, 
and the preliminary shoreline chronology presented in this 
report is based on these data. Since the focus of this report is 
on shoreline unit age and not on stratigraphic interpretations, 
the terms in this report (such as deposit and sequence) are used 
as they were by the authors of the cited publications and are 
defined in the Glossary.

Background

Shoreline Evolution
Most studies of SEACP Pliocene and Pleistocene 

shoreline evolution have used the Orangeburg Scarp (here-
after, the Scarp) as a landward geographic limit of Pliocene 
sea level highstands. In the SEACP, the Scarp rises tens of 
meters in elevation from southeastern Georgia to southeastern 
North Carolina (figs. 1C and 2C). The Scarp is considered to 
be the wave-cut erosional landward limit of Pliocene sea level 
highstands (for example, Doering, 1960; Winker and Howard, 
1977; Blackwelder, 1981; Colquhoun, 1988; Huddlestun, 1988; 
Dowsett and Cronin, 1990; Colquhoun and others, 1991). 
Discontinuous morphologically indistinct, near-surface late 
Pliocene and early Pleistocene deposits occur just seaward of 
the Scarp. Morphologically distinct Pleistocene deposits occur 
seaward of, and commonly overlie, the late Pliocene and early 
Pleistocene deposits. These younger deposits are expressed as 
combinations of linear barrier/beach-ridges, cuspate barrier 
ridges, drumstick-shaped barriers, or nearly planar back-barrier 
marshes and swamps. Models to explain the configuration, ele-
vation, and age of emergent shoreline deposits, sequences, and 
scarps in the SEACP continue to evolve. Most models include 
the development of marine terraces that are genetically linked to 
underlying deposits. References for the development of evolu-
tionary models for emergent Pliocene and Pleistocene shore-
lines in the LSRA are included in the following paragraphs. 
Some of these models include the role of late Cenozoic crustal 
movement in syndepositional and postdepositional shoreline 
deformation. Models that include the role of crustal movement 
in shoreline configuration indicate that the lower Savannah 

River area (LSRA, fig. 1A, B) of Georgia and South Carolina 
is the least deformed part of the SEACP (Winker and Howard, 
1977; Blackwelder, 1981; Cronin and others, 1981; Dowsett 
and Cronin, 1990; Rowley and others, 2013; Rovere and others, 
2014, 2015).

The reader is referred to the introduction in Herrick (1965) 
for a succinct summary of Pliocene and Pleistocene deposits and 
shoreline studies in southeastern Georgia to that date. Herrick 
(1965) referenced models for Pleistocene shoreline evolution as 
presented by Veatch and Stephenson (1911) and Cooke (1925; 
1930a,b; 1931; 1943). Those investigators identified numerous 
terraces in the Georgia Coastal Plain and considered each ter-
race to represent a shoreline and to be a unique formation. They 
disagreed only in the number of shorelines/formations. Cooke 
(1943) identified eight shorelines/formations in Georgia and 
considered the so-called terrace surface of each formation to be 
a former sea floor. Herrick (1965, p. 2) disagreed and consid-
ered Pleistocene deposits in Georgia to be a “…simple, wedge-
shaped, stratified mass which constitutes a single lithologic unit 
upon which physiographic forms have been superimposed.” 
Herrick (1965, p. 7) considered the relatively flat terrace 
surfaces and their associated scarps to be the result of “…
cutting and redeposition during successive retreats and lower 
stands of the sea.” This controversy was between two differing 
concepts of emergent Pleistocene shoreline evolution: (1) that 
each terrace, underlying strata, and associated scarp comprises a 
unique morphostratigraphic formation; and (2) that the terraces 
are physiographic forms that are superposed on only one 
lithostratigraphic formation. The controversy continued with the 
work of Hoyt and Hails (1967, 1974), Hails and Hoyt (1969), 
Winker and Howard (1977), and Huddlestun (1988). Hoyt and 
Hails (1967) generally agreed with the model of Cooke (1943) 
and described each formation as occurring seaward of and 
truncating older topographically higher shoreline formations. 
They identified six major Pleistocene shoreline formations in 
Georgia, each with a barrier island and lagoonal-marsh facies 
(fig. 2A–D). Neither Cooke (1943) nor Hoyt and Hails (1967) 
considered the shorelines to be deformed. The shoreline model 
of Hoyt and Hails (1967) was adopted by Lawton and oth-
ers (1976) for Pleistocene map units on their geologic map of 
Georgia. For the map, they used the term “shoreline complex” 
for each shoreline formation (fig. 2A–D). Winker and Howard 
(1977) disagreed with the models of Cooke (1943), Herrick 
(1965), and Hoyt and Hails (1967). Winker and Howard (1977, 
p. 124 and caption for fig. 2) stated that their “New paleogeo-
graphic reconstructions led to new correlations of shallow
stratigraphic units previously described from detailed local 
studies.” They referred to these units as “shoreline sequences,”4

and traced each shoreline sequence from northeastern Florida

4Winker and Howard (1977, p. 123 and 124) differentiated what they called 
“the shoreline record” into “regressive shoreline sequences” on the basis of 
three “form(s) of evidence.” Their “primary basis for correlation” were regional 
progradational discontinuities that they considered “analogous to regional 
unconformities in stratigraphy.” Their second “form of evidence” was the degree 
of preservation of depositional surfaces that they interpreted as changing at each 
progradational discontinuity. Their third “line of evidence” was a change in 
coastal morphology that they interpreted as a “change in the style of beach-
ridge progradation.” They named three “especially well preserved” sequences 
(figs. 1B and 3 in this report).
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to southeastern North Carolina. Winker and Howard (1977) 
considered each shoreline sequence to have been affected by 
Pleistocene crustal deformation (fig. 1C) and agreed with Oaks 
and DuBar (1974b) that emergent shoreline terrace/forma-
tions could not be correlated based solely on elevation. Winker 
and Howard (1977, p. 127) stated that “…terrace names…, 
given widespread application on the sole basis of elevation, are 
meaningless outside of their original localities and should be 
abandoned.” Huddlestun (1988) incorporated both concepts of 
shoreline formation into his evolutionary model. Huddlestun 
considered terraces ≥10 meters (m) elevation to have formed on, 
and have no genetic relation to the underlying deposits, but he 
also stated (p. 137),

“The Satilla Formation directly underlies the Pamlico 
and lower (or younger) marine terraces. Because the 
lithofacies distribution of the Satilla Formation appears 
to be related to the terrace landforms (i.e., barrier 
island and back-barrier features), the deposition of the 
Satilla appears to be related to the construction of the 
terraces...”
Like Cooke (1943), Herrick (1965), and Hoyt and Hails 

(1967), Huddlestun (1988) considered southeastern Georgia 
to be tectonically stable and unaffected by late Cenozoic uplift 
or subsidence. Relations among the mapped shoreline com-
plexes of Lawton and others (1976), the regionally correlated 
shoreline sequences of Winker and Howard (1977), and the 
lithostratigraphic units of Huddlestun (1988) are shown for the 
LSRA in figure 3.

Shoreline Age
Published age assignments for SEACP emergent shore-

line deposits in Georgia and South Carolina have been based 
on more than 100 years of regional and locally detailed, 

geologic mapping (lithology, stratigraphic position, and fos-
sil content), soil and weathering profile investigations, and 
numerical ages from paleomagnetic, radiometric, chemical, 
and optical analyses (for example, Veatch and Stephenson, 
1911; Darby and Hoyt, 1964; Pooser, 1965; Colquhoun, 
1965; DuBar, 1971; DuBar and others, 1974; Campbell and 
others, 1975; Woolsey, 1976; Blackwelder and Ward, 1979; 
Blackwelder, 1981; Liddicoat and Opdyke, 1981; Liddicoat 
and others, 1981; McCartan and others, 1982; Pirkle and 
Czel, 1983; Cronin and others, 1984; McCartan and others, 
1984; Szabo, 1985; Colquhoun, 1988; Huddlestun, 1988; 
Markewich and others, 1986, 1989; McCartan and others, 
1990; Owens, 1990; Markewich and others, 1992; Markewich 
and Pavich, 1991, 1996; Weems and others, 1997; Weems 
and Edwards, 2001; Muhs and others, 2003; Wehmiller and 
others, 2004, 2010; Graybill and others, 2009; McGregor and 
others, 2011; Markewich and others, 2013; Doar and Kendall, 
2014). Only a few of these studies focused on areas south 
of Charleston (fig. 1B), which has resulted in a paucity of 
ages and time-stratigraphic data for Pliocene and Pleistocene 
shoreline deposits in southeasternmost South Carolina and 
southeastern Georgia, including the LSRA (discussions in 
Markewich and others [1992, 2013] and Doar and Kendall 
[2014]). In this area, the lack of detailed geologic maps, the 
meager number and scattered nature of available age data, and 
lack of studies comparing dating techniques have precluded 
definitive correlation of shoreline deposits. The following sec-
tion provides a synthesis of published and previously unpub-
lished stratigraphic and age data for Pliocene, Pleistocene, 
and Holocene shoreline deposits in the LSRA. Specific details 
for previously unpublished data for the LSRA are included 
in the section, Details for Previously Unpublished Age and 
Stratigraphic Data and in appendix 1.
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Figure 1.  Map of the eastern United States of America (A) showing the Atlantic Fall Zone, the middle Atlantic Coastal Plain, and the 
southeastern Atlantic Coastal Plain. (B) Map of the southeastern United States showing physiographic provinces, major arches and 
basins, and the lower Savannah River area (LSRA). (C) Latitudinal section showing State boundaries, locations of major rivers where 
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LSRA Shoreline Deposits and 
Shoreline Complexes—Stratigraphy 
and Age

Map unit terminology for this report is that of 
Lawton and others (1976) as presented on the regional 
1:500,000 scale Geologic Map of Georgia, which is the most 
recent geologic map available for southeastern Georgia, 
including the LSRA. Units are shown in relation to topogra-
phy in figure 2A, and localities referred to in this report are 
shown in relation to map units in figure 2A–D. Age assign-
ments for map units are based on published and previously 
unpublished stratigraphy and age data for emergent shoreline 
deposits associated with the Orangeburg Scarp and seaward 
of the Scarp. These data include fossil content, soil and 
weathering profile diagnostic properties (soil age indica-
tor values), and numerical ages as determined by meteoric 

Beryllium‑10, paleosol5 residence time (10BePRT), optically 
stimulated luminescence (OSL), uranium disequilibrium series 
(U-series), amino acid racemization (AAR), and radiocar-
bon (14C) analyses. At many locations, minimum ages for 
shoreline deposits are based on previously unpublished and 
published 10BePRT, OSL, and 14C ages for overlying fluvial 
and (or) eolian terrestrial deposits. Stratigraphy and age data 
are presented by map unit, from oldest to youngest. Age data 
by map unit are included in tables 1 and 2. Specific details for 
previously unpublished ages and stratigraphic descriptions 
are included in figures 4–8 and tables 3–8. Particle size data 
and chemistry for a few of these newly described deposits are 
included in tables 9–17.

5The terms soil and paleosol are used interchangeably. A soil forms in place 
in geologic material. In general, a paleosol is a soil that has formed under very 
different conditions from those of the present climate. In the lower Savannah 
River area, soils/paleosols that have developed in emergent shoreline deposits 
and (or) in overlying eolian sand are several tens of thousands to more than 
1 million years in age. These soils/paleosols have formed during periods of 
both wet and dry, cool temperate and warm temperate climates that have fluc-
tuated with the growth and decay of continental ice sheets and the accompany-
ing sea level lowstands and highstands.
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Figure 3.  Age ranges and elevations for Pleistocene formations of Huddlestun (1988), shoreline sequences of Winker and Howard 
(1977), and shoreline complexes of Lawton and others (1976). Age data are from Wehmiller and others (1988), Booth and Rich (1999), 
Muhs and others (2003), Wehmiller and others (2004), chapters in Thomas (2008), Bishop and others (2011), Markewich and others (2013), 
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Table 1.  Published and previously unpublished age data for late Pleistocene and Holocene near-shore marine and estuarine deposits 
in the lower Savannah River area, southeastern Georgia.

Geologic unit and 
sample materiala

Dating 
method and 
(number of 
samples)b

Sample ID and age, 
in thousands of 

years
Data sourcec Figure with sample 

locality

Ground surface elevation 
and (sample elevation) at 

sample locality, in metersd

Cockspur Island

Qhi 
oyster shell in 
marine/estuarine 
quartz sand

AMS 14C 
(1)

4.3 Figure 3 in Swezey and 
others (2018)

Specific locality not 
shown.

1.0

Small islands in marsh between Skidaway and Wassaw Islands

Qhm 
quartz sand

OSL  
(3)

OSL07, 
1.556±0.22

Table 7.2 in Turck and 
Alexander (2013)

Islands shown on 
figure 1B; specific 
localities not shown.

OSL07 
1.7 (0.55)

OSL08, 
0.925±0.10

OSL08 
0.2 (−0.93)

OSL09, 
0.528±0.50

OSL09 
0.97 (0.12)

Oatland Island and Fort McAllister

Qhm 
quartz sand

OSL  
(2)

Oatland, 
GAW40 
35.1±2.1

Analytical data for 
sample ages in 
table 3

Localities shown on 
figure 2B

GAW40 
2 (1.15)

Fort McAllister, 
GAW41 
28.8±1.7

GAW41 
2.7 (1.8)

Wilmington Island

Qsbi 
shell in marine 
quartz sand

14C 
(1)

WL-158 
42.6±3.7 
(infinite)

Hoyt and others (1968) Specific locality not 
shown.

(−0.6)

Skidaway Island

Qsbi 
quartz sand 
channel with 
peat clasts; date 
on plant stem in 
clast

AMS 14C 
(1)

Beta112547 
36.8±0.3

Booth and others 
(2003)

J on figure 2D 4.2 
(~3.5)

Qsbi 
Coral Septastrea

230Th/238U 
(5) and
231Pa/238U
for 3 of
the 5
230Th/238U
samples

87–82 Jones Pit, table 2 in 
Wehmiller and others 
(1997, 2004)

J, on figure 2D 4.2 
(−1.0 to 3.0)

Qsbi 
many 
Mercenaria

AAR 
(many 
samples)

130–70 Hulbert and Pratt 
(1998) and figures 18 
and 19 in Muhs and 
others (2003)

J, on figure 2D 4.2 
(−1.0 to 3.0)

Qsbi 
quartz sand

OSL  
(2)

SK06B, 
45.80±10.20

Table 7.2 in Turck and 
Alexander (2013)

Figure 2D SK06B 
3.8 (2.6)

SK05B, 
46.50±9.80

SK05B 
3.5 (2.3)
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Table 1.  Published and previously unpublished age data for late Pleistocene and Holocene near-shore marine and estuarine deposits 
in the lower Savannah River area, southeastern Georgia.—Continued

Geologic unit and 
sample materiala

Dating 
method and 
(number of 
samples)b

Sample ID and age, 
in thousands of 

years
Data sourcec Figure with sample 

locality

Ground surface elevation 
and (sample elevation) at 

sample locality, in metersd

Skidaway Island—Continued

Qsbi  
quartz sand

OSL  
(2)

GAW19,  
117±11

GAW19 and GAW23, 
table 2 in Markewich 
and others (2013)

Figure 2D GAW19,  
2.9 (1.8)

GAW23,  
106±5

GAW23,  
2.0 (1.2)

St Catherines Island

Qsbi  
quartz sand with 
shells and char-
coal fragments

AMS 14C  
(2)

WW1262  
4.1±0.05,  
shells

Figure 6 in Booth and 
others (1999)

St. Catherines on 
figure 2B, specific 
locations not shown.

2.13  
(2.7)

WW1198  
6.0±0.05, 
charcoal

Qsbi  
compact blackish 
brown peat

AMS 14C  
(1)

WW1197  
47.6±2.5 
(infinite) 
peat

Figure 6 in Booth and 
others (1999)

St. Catherines on 
figure 2B,  
specific location not 
shown.

2.13  
(2.6)

Isle of Hope

Qpam  
quartz sand

OSL  
(3)

GAW20, 
>220

Analytical data for 
sample ages in 
table 3

Figure 2D GAW20,  
3.1 (1.4)

GAW21,  
9.3±0.4

GAW21,  
3.5 (3.4)

GAW22,  
35.7±2.7

GAW22,  
4.3 (3.5)

Easternmost mainland, ~4 kilometers west-northwest of Skidaway Island across the Skidaway River

Qpam  
quartz sand

OSL  
(1)

SK03,  
62.6±13.0

Turck and Alexander 
(2013, table 7.2)

Location not shown. SK03,  
6.3 (1.3)

Qpam  
shell

AMS 14C  
(2)  
median 
ages

UGAMS  
R50537,  
43.2

Bethesda Shoreline A, 
and Bethesda 
Shoreline B, in Turck 
and Alexander (2013, 
table 7.1)

Location not shown. Shoreline A,  
6.3 (4.8)

UGAMS  
R50537B,  
44.9

Shoreline B  
6.3 (4.8)

aGeology is from Lawton and others (1976). Unit abbreviations explained on figure 2B, C in this report.
bDating methods include: U-series, 230Th/238U and 231Pa/238U; AAR, amino acid racemization; OSL, optically stimulated luminescence; AMS 14C, accelerator 

mass spectrometry radiocarbon and 14C, radiocarbon analysis that predates use of AMS.
cAnalytical data for previously unpublished OSL ages, for samples GAW20, 21, 22, 40, and 41, are in table 3. Samples were collected by authors of 

this report.
dSurface elevation determined from 1‑point/m2 light detecting and ranging (lidar) made available by Chatham County Georgia (2011) and the Coastal Georgia 

Elevation Project (2011). Sample elevation determined by subtracting the sample depth from the surface elevation of the sample location. Surface locations 
and elevations, for samples reported by Turck and Alexander (2013), were estimated by comparing the locations shown on figure 7.5 in their article to the 
1‑point/m2 lidar.
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Table 2.  Published and previously unpublished age data for late Pliocene to middle Pleistocene near-shore marine and estuarine 
deposits in the lower Savannah River area, southeastern Georgia.

Geologic unit and 
sample materiala

Dating method 
and (number of 

samples)b

Sample ID and 
age, in thousands 

of years
Data sourcec Figure with 

sample locality

Ground surface and 
(sample elevation) 
at sample locality, 

in metersd

Easternmost mainland, ~4 kilometers west-northwest of Skidaway Island across the Skidaway River

Qpam 
Mollusks Mercenaria

AAR 
(many samples)

450–250 Figures 16, 18, 19 in Muhs 
and others (2003)

FCGC on 
figure 2B

6.0 
(−1.0 to 2.0)

1716, Shuman, and Redgate borrow pits

Qpmi 
quartz sand

OSL  
(2)

1716A, 
267±28

Analytical data for OSL 
sample ages in table 3

Localities for the 
three borrow 
pits shown by 
white circle 
on figure 2B; 
stratigraphy 
for 1716, on 
figure 6A, for 
Shuman, on 
figure 6B, and 
for Redgate, 
on figure 6C

1716A, 
11 (9.3)

1716B, 
>290

1716B, 
4 (1.7)

Qpmi 
weathered and 
pedogenically altered 
quartz barrier sand, 
locally overlain by 
eolian sand

10BePRT 
Shuman 
(7) 
Redgate 
(5)

Shuman, 
163

Analytical data for 
10BePRT Shuman sample 
ages in table 6 and for 
10BePRT Redgate sample 
ages in table 7

Shuman, 
9.5–10.5 
(6.0–10.0)

Redgate, 
231

Redgate, 
9.5–10.5 
(5.5–10)

Northern Chatham and southernmost Effingham counties

Qpmm or Qtm 
Savannah river terrace 
fluvial/estuarine silty 
sand

OSL  
(1)

GAW33, 
>220

Table 2 in Markewich and 
others (2013)

Star33 on 
figure 2C

GAW33, 
5.2 (4.4)

Qpni 
eolian sand (GAW17) 
overlying near-shore 
marine/estuarine silty 
sand (GAW34)

OSL  
(2)

GAW17, 
129±7

Table 2 in Markewich and 
others (2013)

Figure 2C GAW17, 
15.1 (14.4)

GAW34, 
>225

GAW34, 
15.1 (14.3)

Qpni 
eolian sand (GAW38) 
overlying weathered 
and pedogenically 
altered, barrier sand 
(samples from core)

OSL  
(1)

GAW38, 
88.9±3.8

Analytical data for OSL 
sample age in table 3

Star38 and 
Chimney 
Road core on 
figure 2C

GAW 38, 
15.9 (15.0)

10BePRT 
(12)

~175 Analytical data for 
10BePRT samples in 
table 5

Core interval, 
15.9 to 1 
(4.9 to 0.3)

Qwi 
eolian sand overly-
ing weathered and 
pedogenically altered 
underlying barrier 
sand

OSL 
(2)

GAW04, 
42.6±2.2

Tables 2 and 3 and figure 4 
in Markewich and others 
(2013)

Springfield-
Stillwell pit 
on figure 2C

GAW04, 
25 (23.5)

GAW03, 
116±6.4

GAW03, 
25 (22.7)

10BePRT 
(27)

~360

East-central Effingham County

Qwm 
near-shore marine/
estuarine silty sand

OSL  
(1)

GAW32, 
>335

Table 2 in 
Markewich and 
others (2013)

Star32 on 
figure 2C

18.8 (17.9)

Effingham and Bulloch Counties

PPs 
Pleistocene-Pliocene 
sands and gravels

Fossil content Late Pliocene Counts and Donsky 
(1963), Furlow (1969), 
Huddlestun (1988), 
Markewich and others 
(1992)

Porters Landing, 
BUL-75 
and Stilson 
localities on 
figure 2C

Within a few meters 
of the surface
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Pliocene(?) or Older Deposits Atop and 
Landward of the Orangeburg Scarp

Lawton and others (1976) did not identify the Orangeburg 
Scarp on their geologic map of Georgia. In the LSRA, the Scarp 
is located in the approximate position of their contact between 
the Neogene undifferentiated (Nu) and the Pleistocene-Pliocene 
sands and gravels (PPs) map units (fig. 2C). Huddlestun (1988) 
referred to deposits landward of the Scarp as the Miocene 
Altamaha Formation. In the LSRA, there are no absolute age 
data for these deposits. Markewich and Pavich (1996) calcu-
lated a 650‑ka minimum 10BePRT age for a paleosol developed 
in nearshore marine sand atop the Scarp (Brooklet auger hole on 
fig. 2C). They revised this age to a minimum of 700 ka to 1 Ma 
for this report (10BePRT data in table 4). The presence of late 
Pliocene deposits at the base of the Scarp indicates an age no 
younger than early late Pliocene for deposits landward and atop 
the Scarp. Brooklet deposit stratigraphy and soil description are 
included in figure 4.

Late Pliocene and Early Pleistocene Deposits

Identification and age assignments for late Pliocene and 
early Pleistocene deposits (PPs) seaward of the Orangeburg 
Scarp in southeastern Georgia are based on lithostratigra-
phy, stratigraphic position, and fossil content. No numerical 
age is available. Radiometric (87Sr/86Sr) ages are available 
for deposits identified as the Duplin and the Waccamaw 
Formations at several localities seaward of the Scarp in 
southeastern North Carolina. These 87Sr/86Sr ages indicate 
that the Duplin Formation was deposited in the late Pliocene 
and early Pleistocene (3.57 to 2.88 Ma and 2.8 to 2.0 Ma) and 
the Waccamaw Formation in the early Pleistocene (2.12 to 
1.5 Ma) (Graybill and others, 2009; McGregor and others, 
2011). In the LSRA, discontinuous calcareous, sandy, and 

variably shelly deposits that are compositionally similar and 
difficult to differentiate occur seaward of the Scarp and have 
been referred to and (or) mapped as the Duplin Formation, 
the Raysor Formation, the Waccamaw(?) Formation, or 
Pleistocene-Pliocene sands and gravels (Counts and Donsky, 
1963; Herrick, 1965; Furlow, 1969; Lawton and others, 1976; 
Huddlestun, 1988). Huddlestun (1988) referred to variably 
shelly, somewhat clayey, phosphatic, sandy, calcarenitic 
limestone and shelly quartz sand deposits in southeastern 
Georgia as the late Pliocene Raysor Formation. In this report, 
the term Duplin/Raysor is used for deposits in the LSRA that 
fit Huddlestun’s description of the Raysor Formation, occur 
seaward of the Scarp, and are labelled as PPs in Lawton and 
others (1976; fig. 2A, C). In the LSRA, these deposits occur at 
or near the surface of a gently seaward-sloping plane (loca-
tions of Porters Landing, Stilson, and BUL-75 on fig. 2C), in 
numerous cores (Counts and Donsky, 1963; Herrick, 1965; 
Furlow, 1969; Huddlestun, 1988 and included references; 
Markewich and others, 1992; Weems and Edwards, 2001), 
and at the base of commercial borrow pits (fig. 6A, B in this 
report). Fossil lists for Porters Landing and BUL-75 depos-
its are included in Markewich and others (1992). Based on 
lithology, stratigraphic position, and foraminifera assemblage, 
Huddlestun (1988; oral and written commun., 2010) identi-
fied Duplin/Raysor Formation deposits in the Chatham 1 core 
(CH‑1 on fig. 2A, D). Weems and Edwards (2001) used lithol-
ogy, stratigraphic position, and dinoflagellate and nanofossil 
assemblages to identify possible late Pliocene Duplin/Raysor 
strata in the Effingham County core (E on fig. 2A). Duplin/
Raysor deposits, identified by lithology and fossil content, 
occur at the base of the 1716 and Shuman borrow pits in 
Chatham County, Georgia (locations on fig. 2B, stratigraphy in 
fig. 6A, B).

Huddlestun (1988) introduced and defined the 
Cypresshead Formation as a largely nonfossiliferous, variably 
thin to thick bedded, massive to cross bedded, bioturbated 

Table 2. Published and previously unpublished age data for late Pliocene to middle Pleistocene near‑shore marine and estuarine 
deposits in the lower Savannah River area, southeastern Georgia.—Continued

Geologic unit and 
sample materiala

Dating method 
and (number of 

samples)b

Sample ID and 
age, in thousands 

of years
Data sourcec Figure with 

sample locality

Ground surface and 
(sample elevation) 
at sample locality, 

in metersd

Bulloch County

Nu 
marine and estuarine 
sand and clay atop 
Orangeburg Scarp

10Be soil-residence 
time 
(9)

>1000 Markewich and Pavich 
(1996); table 4 in this 
report

Brooklet auger 
hole on 
figure 2C

Core interval, 
~62 to ~40 meters

aGeology is from Lawton and others (1976). Unit abbreviations explained on figure 2B, C in this report.
bDating methods include OSL, optically stimulated luminescence; AAR, amino acid racemization; and 10BePRT, Beryllium‑10 paleosol residence time.
cOSL and 10BePRT samples were collected by authors of this report. Analytical data for the OSL ages, samples GAW38, 1716A, and 1716B are in table 3. 

Analytical data for 10BePRT ages are in tables 4–7.
dSurface elevation determined from 1‑point/m2 light-detecting and ranging data made available by Chatham County Georgia (2011) and the Coastal Georgia 

Elevation Project (2011). Sample depth determined by subtracting the sample depth from the surface elevation of the sample location.
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to burrowed, fine to coarse grained to pebbly quartz sand 
that occurs stratigraphically above his Raysor Formation. 
Huddlestun recognized the Cypresshead Formation as occur-
ring throughout southeastern Georgia, including the LSRA. 
In the LSRA, Cypresshead Formation deposits are exposed in 
railroad cuts (RR on fig. 2A), stream banks, and roadcuts, and 
occur in numerous cores (Effingham 3, EF-3; Effingham 13, 
EF-13; Chatham 14, CH‑14 on fig. 2A). Based on stratigraphic 
position and foraminiferal content, Huddlestun (1988) consid-
ered the Cypresshead Formation to be late Pliocene to early 
Pleistocene in age. In the LSRA, deposits of Huddlestun’s 
Cypresshead Formation include the Pleistocene-Pliocene 
sands and gravels (PPs) and the Wicomico (Qwi), Penholoway 
(Qpn), and Talbot (Qt) Shoreline Complexes as delineated in 
Lawton and others (1976). The stratigraphic relations between 
the Cypresshead Formation and the shoreline complexes in the 
LSRA are shown on figure 3.

Pleistocene Shoreline Complexes

The seven mapped Pleistocene shoreline complexes 
delineated in Lawton and others (1976) stratigraphically 
overlie and occur seaward of the deposits mapped as PPs. 
Each shoreline complex has a barrier islands (i) and a marsh 
and lagoonal (m) facies (fig. 2A–D). The following general-
ized physiographic descriptions and elevations for Pleistocene 
shoreline complexes in the LSRA vary somewhat from the 
descriptions and elevations of these complexes/formations 
by Hoyt and Hails (1967). Their descriptions were for 
these complexes/formations as they are manifest in all of 
southeastern Georgia.

•	 Wicomico Shoreline Complex (Qwi and Qwm; 
fig. 2A, C). Qwi deposits are expressed as a distinct 
southwest to northeast trending barrier/beach-ridge at 
24 to 28 m, which is somewhat lower than the 30 m 
elevation, broad topographically flat Qwm deposits 
that are present landward of the barrier/beach-ridge. 
The seaward toe of the Wicomico barrier/beach-ridge 
is at 20 m. The barrier/beach-ridge is separated from 
the younger Penholoway Shoreline Complex by a 2‑ 
to 4‑km-wide valley, except near the Savannah River 
where the complexes are adjacent.

•	 Penholoway Shoreline Complex (Qpni and Qpnm; 
fig. 2A, C). Qpni and Qpnm deposits form a series of 
arcuate cuspate barrier/inter-barrier deposits with both 
facies occurring between 19 and 24 m. The seaward 
toe of the complex is between 10 and 12 m.

•	 Talbot Shoreline Complex (Qti and Qtm; fig. 2A–C). 
Qti and Qtm deposits are not well expressed in the 
LSRA. As mapped, Qti deposits occur at two small 
localities with upper surfaces between 12 and 14 m. 
Qti deposits have a seaward toe between 6 and 8 m. 
Mapped Qtm deposits occur between 6 and 8 m in 
a southwest to northeast trending band landward of 
Qti deposits. Qtm deposits are either overlain or not 
distinguishable from the younger marsh and lagoonal 
deposits of the Pamlico Shoreline Complex.

•	 Pamlico Shoreline Complex (Qpmi and Qpmm; 
fig. 2A–C). Qpmi deposits are expressed as a series 
of relatively broad barrier flats between 6 to 9 m 

Table 4.  Beryllium‑10 concentration, horizon inventories, profile inventory, and minimum unit residence time, Brooklet auger hole, 
Bulloch County, Georgia (lat 32.4664° N., long 81.6647° W.; 63.4 meters surface elevation; location, fig. 2C; stratigraphy, fig. 4).

[The Brooklet profile inventory = ∑ horizon inventories (104.2 10Be atoms/cm2 x 1010). The minimum unit residence time t = −(1/λ) x ln(1 − λN/q), where 
N = horizon inventory (atoms/cm2), and q = deposition rate (1.3 x 106 atoms/cm2/yr), and t is in thousands of years. The minimum residence time for the 
Brooklet auger hole deposit = 1,024,000 years. cm, centimeter; cm2, square centimeter; cm3, cubic centimeter; g, gram]

Stratigraphy and  
depositional 
environment

Brooklet 
sample ID

Depth-interval  
(cm)

Sample 
deptha  
(cm)

Sample-interval  
thickness  

(cm)

Bulk  
density  
(g/cm3)

10Be  
concentration  
(atoms/g x 108)

Horizon  
inventoryb  

(10Be atoms/
cm2 x 1010)

Nearshore-estuarine/
marine, clayey, very 
fine and fine quartz 
sand with few quartz 
pebbles

1 60–120 90.0 60.0 1.7 19.2 19.6
2 120–334 227.0 214.0 1.7 4.2 15.3
3 334–456 395.0 122.0 1.7 1.8 3.7
4 456–547 501.5 91.0 1.7 1.6 2.5
5 547–760 653.5 213.0 1.7 3.2 11.6

Nearshore-estuarine/
marine, very well 
sorted, very fine and 
fine quartz sand

6 760–1,064 912.0 304.0 1.7 4.9 25.3
7 1,064–1,459 1,261.5 395.0 1.7 2.2 14.8
8 1,459–1,733 1,596.0 274.0 1.7 1.5 7.0
9 1,733–1,885 1,809.0 152.0 1.7 1.7 4.4

aSample depth is measured from the ground surface.
bHorizon inventory = concentration (108 x atoms/g) x horizon thickness (cm) x bulk density (g/cm3).
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that locally reach 10 to 14 m and have a seaward toe 
between 5 and 6 m. The city of Savannah and Hunter 
Army Airfield (SAV and HAF on figure 2A) are located 
on the most prominent Qpmi barrier deposit. Qpmm 
deposits occur between 4 and 7 m and form an unusu-
ally wide (24 to 32 km) gently seaward-sloping plane 
landward of, and locally surrounding, Qpmi deposits.

•	 Princess Anne Shoreline Complex (Qpai and Qpam; 
fig. 2A, B, D). Qpai deposits are mapped in one very 
small area at about 4 m. Qpam deposits are mapped 
seaward of Qpmi deposits and landward of the 
Skidaway River at 4 to 6 m.

•	 Silver Bluff Shoreline Complex (Qsbi and Qsbm; 
fig. 2A, B, D). As mapped, Qsbi deposits reach 3 m 
elevation and include Wilmington and Skidaway 
islands and the landward half of Ossabaw Island. 
Qsbm deposits are either overlain or not distinguish-
able from the younger marsh-lagoonal deposits of the 
Holocene Shoreline Complex.

•	 Holocene Shoreline Complex (Qhi and Qhm; 
fig. 2A, B, D). Qhi deposits include Tybee, Wassaw, 
and the seaward half of Ossabaw islands (fig. 2A, B). 
These deposits reach 2 to 3 m, except on Wassaw 
Island where a high dune ridge reaches 13 to 14 m. 
Qhm deposits extend tens of kilometers up the 
Savannah and Ogeechee river valleys and surround 
barrier island facies deposits of the Silver Bluff 
Shoreline Complex.

Wicomico Shoreline Complex (Qwi and Qwm)
The Wicomico Shoreline Complex (Qwi and Qwm on 

figs. 2A, C and 3) is the most landward morphologically 
identifiable coastal landform seaward of Orangeburg Scarp 
in the LSRA, and includes the highest ridge of the Effingham 
Sequence of Winker and Howard (1977) (fig. 3). Winker and 
Howard (1977) estimated the age of the Effingham Sequence 
to be between 2 and 1 Ma. Huddlestun (1988) included these 
deposits in his late Pliocene to early Pleistocene Cypresshead 
Formation. Based on soil age indicator values and OSL and 
10BePRT data for Wicomico barrier/beach-ridge deposits and 
the overlying eolian dune sand at the Springfield-Stillwell 
pit locality (location on fig. 2), Markewich and others (2013) 
calculated a 360‑ka minimum age for these barrier deposits. 
Using OSL ages for marine and eolian deposits seaward and 
landward of the Wicomico barrier/beach-ridge, they esti-
mated a 420‑ to 360‑ka age range for the Wicomico Shoreline 
Complex. Age data for the Wicomico Shoreline Complex are 
included in tables 2 and 8.

Penholoway Shoreline Complex (Qpni and Qpnm)
The Penholoway Shoreline Complex (Qpni and Qpnm 

on figs. 2A, C, and 3) is an 8‑ to 11‑km-wide sequence of 
fluvial-marine deposits. Winker and Howard (1977) consid-
ered these to be cuspate delta deposits and included them in 
their Effingham Sequence. Huddlestun (1988) included these 
deposits in his Cypresshead Formation (fig. 3). Penholoway 
shoreline deposits are exposed in railroad cuts (for example, 
RR on fig. 2A), in road cuts, and have been identified in core 
(Effingham County core of Weems and Edwards, 2001; E on 
fig. 2A). Lithostratigraphic and soil profile descriptions for 
Penholoway Shoreline Complex barrier deposits (Qpni) in 
the Chimney Road core (location on fig. 2C) are shown in 
figure 5. OSL and 10BePRT ages for shoreline and overlying 
eolian deposits at this and nearby localities indicate a mini-
mum age of 260 ka and an age range of 360 to 260 ka for the 
Penholoway Shoreline Complex. Specific details of lithostrati-
graphic and age data for deposits at the Chimney Road core 
are included in figure 5 and in table 5.

Talbot Shoreline Complex (Qti and Qtm)
The Talbot Shoreline Complex is not well represented 

in the LSRA (Qti and Qtm on fig. 2A–C). Possible Qti and 
Qtm deposits are exposed in commercial borrow pits, in core, 
and in areas mapped as Penholoway and Talbot Shoreline 
Complexes. No age data are available for these deposits that 
occur as the most seaward southwest ridge of the Penholoway 
Shoreline Complex, as topographic remnants/islands of Qti 
deposits, or as middle Miocene to Pliocene fluvial-marine to 
marine deposits surrounded by marsh and lagoonal depos-
its of the Talbot and (or) Pamlico Shoreline Complex (Qtm 
and Qpmm, respectively). Alemán-González and others 
(2018) referred to these deposits as the late Pliocene to early 
Pleistocene Cypresshead Formation in the upper 21 m of 
the South Effingham County Middle School core (SECMS 
on fig. 2C). At the SECMS and a few other localities these 
undated fluvial marine deposits overlie middle Miocene 
marine strata (L.E. Edwards, U.S. Geological Survey, 
written commun., 2012). Based on ages for deposits of the 
Penholoway and Pamlico Shoreline Complexes, Talbot 
Shoreline Complex deposits, if present, are late middle 
Pleistocene in age.

Pamlico, Princess Anne, Silver Bluff and 
Holocene Shoreline Complexes

Winker and Howard (1977, fig. 2) included the Pamlico 
and younger formations of Hoyt and Hails (1974) and shore-
line complexes of Lawton and others (1976) in their Chatham 
Sequence (fig. 3 in this report). Huddlestun (1988) did not 
agree with the morphostratigraphic concept that identified 
each emergent shoreline sequence/shoreline complex as 
a geologic formation (previous references). Huddlestun’s 
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5YR 8/2 (pinkish white) and 5YR 7/4–7/8 (pink to reddish yellow) to 
10R 6/6 (light red), extremely well-sorted very-fine and fine micaceous 
quartz sand with 1–3 weight percent heavy minerals; 
Kaolinite is dominant clay mineral with minor cristobalite and illite
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Surface elevation 63.4 meters; lat 32.4664° N., long 81.6647° W.
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10YR 8/2–8/5 extremely well-sorted, very-fine and fine micaceous quartz 
sand with 1–3 weight percent heavy minerals; 
Kaolinite is dominant clay mineral with minor cristobalite and illite

Tifton loamy sand soil series (fine-loamy kaolinitic, thermic Plinthic Kandiudult) 
     developed in very-fine and fine quartz sand;
Iron concretions in upper 150 cm; 
Plinthite below 150 cm; 
High chroma 10R colors (red 4/6 to 4/8 and dark red 3/6) are prominent, 
     especially from 0–200 cm;
Low and high chroma 2.5 YR colors (grey and red) throughout from 2–8 m; 
7.5YR 5/8 and 10YR 5/8 B horizons; 
2.5YR 4/6–4/8 and 5YR 5/8 streaks and mottles in reticulate patterns of the B 
     and C horizons; 
Pedon thickness ~220 cm; 
B horizon thickness ~150 cm; 
Kaolinite is dominant clay mineral with minor gibbsite, goerthite, quartz and 
     vermiculite in the surface 2 m;
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Figure 4.  Lithostratigraphy and general pedologic description for the probable late Pliocene to earliest Pleistocene 
near-shore marine-sand at the top of the Orangeburg Scarp (fig. 2C) in Bulloch County, Georgia (Brooklet auger hole 
locality on fig. 2C). Beryllium‑10 paleosol residence time (10BePRT) data are included in table 4. cm, centimeter.
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exception was his late Pleistocene Satilla Formation, which 
Huddlestun considered to be genetically linked to the Pamlico, 
Princess Anne, and Silver Bluff–Holocene terraces that he 
identified in southeastern Georgia (fig. 3 in this report). He 
assigned a late Pleistocene age to the Satilla Formation on the 
basis that the formation contained only extant late Pleistocene 
and reworked Pliocene and early Pleistocene fauna. The 
numerous numerical ages presented herein for deposits of the 
Pamlico, Princess Anne, Silver Bluff, and Holocene Shoreline 
Complexes of Lawton and others (1976) support Huddlestun’s 
late Pleistocene age assignment for his Satilla Formation. The 
occurrence of Holocene as well as Pleistocene age deposits 
in the Princess Anne, Silver Bluff, and Holocene Shoreline 
Complexes indicate that these map units are complex, contain 
nearshore sediments primarily deposited from 200,000 to 

several thousand years ago, and continue to be affected 
by ongoing coastal processes.6 Age data are included in 
tables 1 and 2.

6The reader is referred to Harris and others (2005) for a discussion of the 
influence of geologic framework variability on a coastland that has evolved 
over a broad range of spatial and temporal scales. As an example, the tidal 
range at the entrance of the Savannah River to the Atlantic Ocean is 2 to 
4 meters (m). With added storm surge, storm tides reach 6 m. The effect 
of storms that produce significant storm surge can be seen on the Chatham 
County Storm Surge Map for Hurricane Mathew (2016), which shows areas 
mapped as Princesses Anne, Silver Bluff, and Holocene shoreline complexes 
covered by 0.3 to 3.0 m of water (https://twitter.com/​chathamema/​status/​
784181731817553920).

Table 5.  Beryllium‑10 concentration, horizon inventories, profile inventory, and minimum unit residence time, Chimney Road (CMRD) 
core, Effingham County, Georgia (lat 32.2753° N., long 81.1892° W.; 15.9 meters surface elevation; location, fig. 2C; stratigraphy, fig. 5).

[The Chimney Road profile inventory = ∑ horizon inventories, 25.25 10Be atoms/cm2 x 1010. The minimum unit residence time t = −(1/λ) x ln(1 − λN/q), where 
N = horizon inventory (atoms/cm2), and q = deposition rate (1.3 x 106 atoms/cm2/yr), and t is in thousands of years. The Chimney Road minimum residence time 
at the base of the eolian sand = 27,000 years. The Chimney Road minimum residence time for deposits beneath the eolian sand = 174,900 years. The minimum 
residence time for the Chimney Road core deposit = 201,900 years. cm, centimeter; cm2, square centimeter; cm3, cubic centimeter; g, gram]

Stratigraphy and 
depositional environment

CMRD 
sample ID

Depth-interval  
(cm)

Sample 
deptha  
(cm)

Sample-
interval  

thickness  
(cm)

Bulk  
density  
(g/cm3)

10Be  
concentration  

(atoms/g 
x 108)

Horizon  
inventoryb  

(10Be atoms/
cm2 x 1010)

Eolian quartz sand 1 0–82.3 30.5 82.3 1.70 0.9 1.3
1b 82.3–91.4 86.9 9.1 1.70 2.9 0.4
2 91.4–95 91.4 3.6 1.70 0.7 0.0
3 95–176.8 129.1 81.8 1.70 1.2 1.7

Estuarine quartz sand 4 152.4–204.2 190.5 51.8 1.70 5.8 5.1
Near-shore marine/estuarine 

quartz sand
5 204.2–228.6 221.0 24.4 1.70 5.3 2.2

Fluvial/estuarine quartz sand 5b 228.6–262.1 245.4 33.5 1.70 4.1 2.3
6 262.1–283.5 266.7 21.4 1.70 2.8 1.0

Near-shore marine/estuarine 
quartz sand with interbed-
ded sandy silt and clay

7 283.5–304.8 297.2 21.3 1.70 2.3 0.8
8 304.8–365.8 339.9 61.0 1.70 3.0 3.2
9 365.8–387.1 376.4 21.3 1.70 2.4 1.0

Alternating beds of marginal 
marine estuarine fine to 
coarse quartz sand with 
interbeds of silt and clay

10 387.1–420.6 400.8 33.5 1.7 2.5 1.4
11 420.6–472.4 443.5 51.8 1.7 4.4 3.8
12 472.4–481.6 477.0 9.2 1.7 5.8 0.9

aSample depth is measured from the ground surface.
bHorizon inventory = concentration (108 x atoms/g) x horizon thickness (cm) x bulk density (g/cm3).

https://twitter.com/chathamema/status/784181731817553920
https://twitter.com/chathamema/status/784181731817553920
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2 OSL dates: 
88.9 ± 3.8 ka, 0.91-m sample depth, ~15 m west of 

core hole (star 38 on fig. 2C and Chimney Rd core 
in table 2 in this report); 
129 ± 4 ka, 1.0-m sample depth, in cut bank, ~0.5 km 

north of core hole (table 2 in Markewich and others, 2013; 
star17 on fig. 2C in this report)

Fine and medium quartz sand; moderately well sorted, rounded 
to subrounded, 1-2 percent opaques; disseminated organics and 
plant roots in uppermost 0.67 m (soil A horizon); 
massive breaking to single grain; 
10YR 2/2 to 5YR 4/1, 0−67 cm; 
10YR 5/3−5/4, 67−107 cm
10YR 5/3−7/4, 107−152 cm

Fine to medium quartz sand; moderately well sorted, rounded 
to subrounded, 1 percent opaques; discontinuous thin interbeds 
of sandy silty clay; interbedded sand is subangular; 5YR 4/4 to 
10R 3/4 dominant, 5YR 4/1−5/1 mottles; OSL date >225 ka, 
0.89-m sample depth in cut bank, ~0.5 km north of core hole 
(table 2 in Markewich and others, 2013; star34 on fig. 2C in 
this report)
Fine to medium, quartz sand; coarsens downward to 
medium sand with few quartz granules, burrowed; 
5YR 5/6 to 4/4

Fine to coarse quartz sand; subangular to subrounded, 
poorly sorted, 5YR 4/4 with few 5YR 6/1clay-rich mottles 
throughout

Clayey sand; massive,1–3 percent mica; 10YR 8/2

Silt, clay, and very-fine quartz sand; massive with thin 
discontinuous zones of coarse sand and quartz granules, 
1–3 percent mica with mica increasing downward to ~5 percent;
10YR 7/3 dominant with 7.5YR 6/6 mottles to 365.8 cm; 
10YR 8/1 dominant with 7.5YR 6/8 mottles from 365.8 cm 
to unit base 

Sandy silt and clay; micaceous (20 10YR 8/1), horizontally bedded; 
silt and clay content increase downward to ~70 percent; 
10YR 8/1 dominant with10YR 6/8 mottles and horizontal bands

Silt and clay; fining downward, burrowed,micaceous, millimeter-scale 
horizontal to subhorizontal bedding reflected in grain size and 
~20 10YR 8/1 mica content; 10YR 8/1 dominant with10YR 6/8 
mottles and 1−2-cm thick, 5R 4/6 horizontal clay bands

Fine to very coarse clayey quartz sand; poorly sorted, 
micacous, ~2 percent quartz granules; 10YR 6/6−7/4 with lenses 
of various oxidation colors 

A horizon 

C horizon 

Paleosol B 
horizon 

Paleosol B/C 
horizon 

Paleosol C 
horizon 

Weathered 
sediment

CHIMNEY ROAD CORE 
Upper 4.9 meters (m); core depth, 20.6 m; Miocene contact, 14.7 m

Surface elevation 15.9 m; lat 32.2753° N., long 81.1892° W. 

Figure 5.  Lithostratigraphy, general pedologic description, and optically stimulated luminescence (OSL) age data (from nearby 
localities) for Penholoway barrier deposits (Qpni on fig. 2C) and overlying eolian sand in Effingham County, Georgia (Chimney Road core 
locality on fig. 2C). Beryllium‑10 residence time data are included in table 5. Locations for OSL samples shown on figure 2C. OSL age 
data are in tables 2 and 3 in this report and in table 2 of Markewich and others (2013). cm, centimeter; ka, age in thousands of years; km, 
kilometer.
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Pamlico Shoreline Complex (Qpmi and Qpmm)
The Pamlico Shoreline Complex is the most geomorphi-

cally prominent of the four youngest complexes. Qpmi depos-
its occur in an 8‑ to 10‑km-wide belt of 1‑km-or-more-wide 
barrier ridges and flats surrounded by Pamlico and younger 
marsh-lagoonal deposits (fig. 2A, B). On one of these broad 
barrier flats, three large, no-longer-accessible, commercial bor-
row pits (1716, Shuman, and Redgate on fig. 2B) exposed a 7‑ 
to 12‑m-thick transgressive sequence of fluvial, fluvial-marine, 

and barrier/beach-ridge deposits (stratigraphy on fig. 6A–C). 
Previously unpublished age data based on soil and weather-
ing physical and chemical parameters and 10BePRT and OSL 
analyses indicate a 300 to 200 ka late middle Pleistocene age 
for these Qpmi deposits (tables 2, 3, 6, 7, 8). Specific age 
data for deposits that were exposed in these borrow pits are 
included in tables 3, 6, 7, and figure 6A–C.

Table 6.  Beryllium‑10 concentration, horizon inventories, profile inventory, and minimum unit residence time, Shuman borrow pit, 
Chatham County, Georgia (lat 32.0533° N., long 81.1600° W., 9−9.5 meters surface elevation; location, fig. 2B; stratigraphy, fig. 6B).

[The Shuman profile inventory = ∑ horizon inventories, 20.3 10Be atoms/cm2 x 1010. The minimum unit residence time t = −(1/λ) x ln(1 − λN/q), where 
N = horizon inventory (atoms/cm2), and q = deposition rate (1.3 x 106 atoms/cm2/yr), and t is in thousands of years. The minimum residence time for the 
Shuman borrow pit deposit = 162,600 years. cm, centimeter; cm2, square centimeter; cm3, cubic centimeter; g, gram]

Stratigraphy and 
depositional  
environment

Shuman 
sample ID

Depth-interval  
(cm)

Sample 
deptha  
(cm)

Sample-
interval  

thickness  
(cm)

Bulk density  
(g/cm3)

10Be  
concentration  

(atoms/g  
x 108)

Horizon  
inventoryb  

(10Be atoms/
cm2 x 1010)

Near-shore marine/
estuarine very-
fine and fine, 
quartz sand with 
Ophiomorpha bur-
rows in the rela-
tively unweathered 
parent material

1 0–50 25.0 50.0 1.5 2.4 1.8
2 50–120 85.0 70.0 1.5 1.5 1.6
3 120–170 145.0 50.0 1.5 2.9 2.2
4 170–210 190.0 40.0 1.5 7.4 4.4
5 210–283 246.5 73.0 1.5 4.3 4.7
6 283–313 298.0 30.0 1.5 3.9 1.8
7 313–398 355.5 85.0 1.5 3.0 3.8

aSample depth is measured from the ground surface.
bHorizon inventory = concentration (108 x atoms/g) x horizon thickness (cm) x bulk density (g/cm3).

Table 7.  Beryllium‑10 concentration, horizon inventories, profile inventory, and minimum unit residence time, Redgate borrow pit, 
Chatham County, Georgia (lat 32.0417° N., long 81.1667° W., 9.5−10.0 meters surface elevation; location, fig. 2B; stratigraphy, fig. 6C).

[The Redgate profile inventory = ∑ horizon inventories, 28.3 10Be atoms/cm2 x 1010. The minimum unit residence time t = −(1/λ) x ln(1 − λN/q), where 
N = horizon inventory (atoms/cm2), and q = deposition rate (1.3 x 106 atoms/cm2/yr), and t is in thousands of years. The minimum residence time for the 
Redgate borrow pit deposit = 230,800 years. cm, centimeter; cm2, square centimeter; cm3, cubic centimeter; g, gram; m, meter]

Stratigraphy and depositional  
environment

Redgate 
sample ID

Depth-
interval  

(cm)

Sample 
deptha  
(cm)

Sample-
interval 

thickness  
(cm)

Bulk  
density  
(g/cm3)

10Be  
concentra-

tion  
(atoms/g 

x 108)

Horizon  
inventoryb  

(10Be atoms/
cm2 x 1010)

Near-shore marine/estuarine very-
fine and fine, quartz sand with 
Ophiomorpha burrows in the 
parent material; some very thin 
and thin flasers; below 9.4 m, 
sand-matrix-supported gravel lo-
cally cemented with silica and (or) 
phosphate

1 0–91 45 91 1.5 2.6 3.6
2 91–137 120 46 1.5 5.9 4.1
3 137–213 205 76 1.5 4.7 5.4
4 365–760 413 395 1.5 1.8 10.7
5 760–916 838 156 1.5 1.9 4.5

aSample depth is measured from the ground surface.
bHorizon inventory = concentration (108 x atoms/g) x horizon thickness (cm) x bulk density (g/cm3).
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E, 0–80 cm, fine sand, single grain, 10YR 5/3 in surface 10 cm, 10YR 6/3–6/4 at 20 cm, 
     10YR 7/3–7/4 at 40 cm, 10YR 7/3 at 60 cm 
B1t, 80–90 cm, fine sand to loamy fine sand, single grain to very weak coarse 
     subangular blocky, 10YR 7/2–7/3 with 10YR 6/6–7/6 mottles 2.5YR 4/4–6/4
B12t, 90–110 cm, fine sand to loamy fine sand, single grain to very weak coarse 
     subanglar blocky, mottled 7.5YR6/4 and 5/6 with 5YR 4/6 firm masses (≤0.64 cm)
B21t, 110–130 cm, fine sand to loamy fine sand, massive breaking to weak subangular 
     blocky and single grain, slightly brittle, 7.5YR 5/8 and 6/6 
B22t, 130–160 cm, loamy fine sand, massive breaking to weak subangular blocky and 
     single grain very slightly brittle, 7.5YR 5/8 dominant with some 10YR 6/4 
B3t, 160–180 cm, loamy fine sand, massive breaking to weak coarse subangular blocky, 
     10YR 6/6 and 7.5YR 5/8 mottled,
BC, 180–240 cm, loamy fine sand, massive breaking to very weak and weak coarse 
     subangular blocky, 10YR 6/6 and 7.5YR 6/6, 5/8, with clay-filled burrows and root 
     casts, 5YR 4/8
C, 240 cm+, fine sand, single grain, 10YR 8/8–7/8, manganese and charcoal blebs 
     ≤2.54 cm diameter 
Ophiomorpha burrows, without distinct casing of sand balls

Numerous, large, 2.5–4.0-cm diameter Ophiomorpha burrows 
with sand-ball casing, many occurring in clusters

Very-fine, fine, and medium predominantly
quartz sand-supported gravels; >2 mm fraction is
predominantly pebble size, but cobbles are
numerous (long axis ≤8.0 cm) 

Predominantly quartz sand with numerous well-rounded 2.0–3.0-cm-diameter
quartz pebbles and cobbles with few Ophiomorpha burrows 

Black, sticky, clay with few sand lenses; with large cypress logs and and in-place 
tree stumps
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Depth, in
meters

Surface elevation 10.5−11.0 meters, lat 32.0475° N., long 81.1793° W.

11

12

1716 BORROW PIT  

Silica- and phosphate-cemented, shell hash and near-shore marine sand; 
numerous phosphate pellets and carbon- and wood pieces, normal salinity, 
shells (broken and whole), sharks teeth, bone (including some vertebrae), 
pebbles (predominantly quartz). Shells include Carolina pecten eboreus,
Cardita arata, and Mercenaria mercenaria

Black, laminated clay and silt with very-thin interbeds of very-well sorted 
5YR 8/1 to 5YR 7/1−7/2 very-fine quartz sand; typical assemblages of
southeastern Atlantic Coastal Plain interglacial pollen, dinoflagellates, and
forams (tests); thickness varies from few centimeters to several meters 

APPROXIMATE 
PRESENT  

MEAN SEA  LEVEL

A

 The >290 ka sample location is ~848 m north-northeast across pit from the 268±28 ka sample location)

Sand and small pebble-size phosphate and
(or) somewhat phosphatic cement 
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EXPLANATION

268±28 ka  

>290 ka  

Figure 6.  Lithostratigraphy, general pedologic description, and optically stimulated luminescence (OSL) ages for Pamlico barrier 
deposits (Qpmi on fig. 2A, B) described and sampled in borrow pit exposures, Chatham County, Georgia. A, 1716 pit; B, Redgate pit; 
and C, Shuman pit on figure 2B. OSL data for the 1716 pit samples are in table 3. 10BePRT data for Redgate and Shuman profiles are 
included in tables 6 and 7. m, meter; cm, centimeters; mm, millimeters; ka, age in thousands of years.
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Sample for meteoric 10Be isotope analysis
Break in scale

Sand and small pebble-size phosphate and
(or) somewhat phosphatic cement 

EXPLANATION

5YR 8/1−8/3 (white to pink), well-sorted, fine and very-fine quartz sand with 
1−3 weight percent heavies (5−7 percent from 5−6-m depth); Ophiomorpha burrows 
throughout

10YR 7/6−7/8 (yellow) and 6/8, bioturbated, fine and very-fine
quartz sand; with 1−3  weight percent heavies

Black, laminated clay, silt and sand (see description for clay 
between 13 and 14 m)

5YR 7/4 to 6/8  (reddish yellow), predominantly fluvial, very-fine, fine, and 
medium, sand and gravel; few Ophiomorpha burrows in uppermost  0.5 m; 
indistinct bedding; >2-mm fraction is predominantly pebbles, with numerous 
cobbles (long-axis ≤ 8.0 cm)  

Surface elevation, 9.0–10.5 meters; lat 32.0533° N., long 81.1600° W.

Pliocene Duplin/Raysor Formation, silica- and phosphate-cemented, shell hash and 
near-shore marine sand; numerous phosphate pellets and carbon- and wood 
pieces, normal salinity, shells (broken and whole), sharks teeth, bone (including 
some vertebrae), pebbles (predominantly quartz). Shells incude Carolina pecteneboreus, 
Cardita arata, and Mercenaria mercenaria

Black, estuarine, laminated clay and silt with very-thin interbeds of very-well 
sorted 5YR 8/1 to 5YR 7/1−7/2 very-fine quartz sand; typical assemblages of
southeastern Atlantic Coastal Plain interglacial pollen, dinoflagellates, and
forams (tests); thickness varies from few centimeters to several meters 

SHUMAN BORROW PIT  

Depth, 
in meters
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0–50 cm, E1, very-well sorted, fine sand; single grain; 10YR 7/3 
50–120 cm, E2, very-well sorted, fine sand; single grain;10YR 7/2 –7/3
120–170 cm, EB, very-well sorted fine sand; mix of 10YR 6/4 
and 6/6 matrix with numerous 5YR 4/4 –4/6 and 10YR 5/8 mottles 
170–210 cm, Bt1, sandy clay loam, 10YR 5/8, with faint indistinct mottles of 5YR 5/8 
(yellowish red) in upper half of horizon and distinct firm 2.5YR 4/6 (red) mottles in
lower half of horizon. The 2.5 YR 4/6 mottles grade into the Bt2 horizon
210–283 cm, Bt2, sandy clay loam, completely mottled, 10YR 6/2, 2.5YR 3/8–4/8,
5YR 5/8, and 7.5 YR 5/8 
283–313 cm, BC, fine sandy loam, completely mottled, 5YR 5/8 and 7.5YR 5/8 with
nearvertical 0.3–2.0-cm-wide channels of 10YR 6/2 and 10YR 8/1 
313–398 cm, CB, massive, loamy fine sand grading to fine sand near base of horizon; 
7.5YR5/8 mottles with indistinct borders throughout. Red mottles are similar to those
in upper horizons in that they have a 2.5YR 4/8 core with a surrounding 10YR 6/8,
7.5 YR 5/8 and 2.5YR 4/8 surrounded by 10YR 6/8 
398–450 cm, C, massive loamy fine sand; mottled throughout, 7.5 YR 5/8 and
2.5YR 4/8 surrounded by 10YR 6/8 

450–550 cm, C (weathered), 7.5YR 5/8, well-sorted very-fine and fine 
quartz sand with very-thin and thin clay laminae, flasers, and some wavy 
beds of clay, common Ophiomorpha burrows.
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Figure 6.—Continued
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Sample for meteoric 10Be isotope analysis
Break in scale

Sand and small pebble-size phosphate and
(or) somewhat phosphatic cement 

EXPLANATION

E, 0–91 cm, grayish whlte, very-well sorted fine sand 
     (maximum thickness,130 cm)
Bt, 91–137 cm, well-sorted fine sand to loamy fine sand, 
     2.5YR 4/4–6/4
BC, 137–213 cm, fine sand to loamy fine sand with few 
     small plinthite at Bt/BC and BC/C1 contacts, and very- 
     thin and thin, gray clay laminae and flasers

Few  Ophiomorpha burrows present in E, Bt, and BC 

C1, 213–396 cm, fine and very-fine sand, 5YR 6/8 with
7.5YR 6/6 to 5YR 7/3–7/4 very-thin and thin clay laminae and flasers, 
and Ophiomorpha burrows, without distinct casing of sand balls

C2, 396–760 cm, fine sand, 5YR 8/1–8/3, 1–5 weight percent 
     heavies and common, large, 2.5–4.0-cm diameter, Ophiomorpha 
     burrows with sand-ball casing  

Very-fine, fine, and medium sand-supported gravels; 
>2 mm fraction is predominantly pebble size, but 
cobbles are numerous (long axis ≤ 8.0 cm); few 
phosphate pebbles, partly indurated near base of 
exposure with silica and phosphate cement 

C3, 760─930 cm, very-fine and fine, well-sorted, 
predominantly quartz sand with numerous well-
rounded 2.0–3.0-cm-diameter quartz pebbles 
and cobbles with few Ophiomorpha burrows 
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REDGATE BORROW PIT 
Surface elevation, 9.5−10.5 meters; lat 32.0417° N., long 81.1667° W.
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Figure 6.—Continued
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Princess Anne Shoreline Complex (Qpai and Qpam)
Princess Anne Shoreline Complex deposits (Qpai and 

Qpam) occur seaward of the main Pamlico barrier as a narrow 
flat plain and as detached islands. The stratigraphy for deposits 
of this complex as seen in the Chatham 1 core on the Isle of 
Hope (CH‑1 on fig. 2A, D) is shown on figure 7. Deposits 
of this complex have been dated by AAR and OSL analyses 
(tables 1 and 2). AAR analyses of molluscan fauna in deposits 
near present sea level that occur on the flat plain seaward of 
the main Pamlico barrier indicate a middle Pleistocene age 
between 450 ka to 250 ka (FCGC on fig. 2B; fig. 19 in Muhs 
and others, 2003; Markewich and others, 2013). Turck and 
Alexander (2013) reported 45 to 43 ka 14C ages and a 62.5 ka 
OSL age for stratigraphically younger marine sand from a 
locality just west of the FCGC locality (table 1). No numeri-
cal ages are available for CH‑1 deposits, but OSL ages are 
available for marine deposits at other localities on the Isle of 
Hope (GAW20, >220 ka; GAW21, 9.3±0.44 ka; and GAW22, 
35.7±2.7 ka in tables 1 and 3). The combined AAR, 14C and 
OSL ages, and the position of the Princess Anne Shoreline 
Complex seaward of the 300 to 200 ka Pamlico Shoreline 
Complex, indicate that the Princess Anne Shoreline Complex 
probably is older than 200,000 years and was deposited 
during multiple periods of deposition in the middle and 
late Pleistocene.

Silver Bluff Shoreline Complex (Qsbi and Qsbm)
Silver Bluff Shoreline Complex barrier island deposits 

(Qsbi) compose the Wilmington and Skidaway Islands, which 
are surrounded by marsh-lagoonal deposits of the Holocene 
Shoreline Complex. The stratigraphy for deposits of this 
complex as seen in the Chatham 18 core on Skidaway Island 
(CH‑18 on fig. 2A, D) is shown in figure 8. No numerical ages 
are available for deposits in this core, but U-series, OSL, and 
radiocarbon ages are available for marine deposits at other 
localities on Skidaway Island. Wehmiller and others (2004) 
reported four 85 ka to 80 ka U-series ages for coral from a 
fossiliferous near-shore marine deposit at the Jones borrow 
pit locality (J on fig. 2D) on Skidaway Island. These ages 
support the findings of Ludwig and others (1996) for shal-
low submerged reefs in the area of the Florida Keys and for 
1–2‑meter-emergent marine deposits in Bermuda.

At the Jones borrow pit locality on Skidaway Island, two 
marine sand units overlie the 85 to 80 ka deposit. A paleochan-
nel containing peat clasts separates the two sand units. Booth 
and others (2003) reported a 37 to 36 ka 14C age for terrestrial 
plant stems incorporated into the peat clasts. These ages for 
the basal coral-bearing marine unit and the overlying channel 
deposit indicate an age between 85 and 36 ka for the lower 
marine sand unit and a younger than 36 ka age for the surface 
marine sand. Markewich and others (2013) reported OSL ages 
for marine sand exposed in low bluffs on the north and west 
edges of Skidaway Island (106±4.7 ka, GAW23; 117±11.3 ka, 
GAW19, respectively, fig. 2D, tables 1 and 3). Hoyt and oth-
ers (1968) reported a 42.7±3.7(infinite) radiocarbon age for 

a near-surface shell from Wilmington Island (table 1), which 
they cautioned might be at the limit of radiocarbon dating. 
They also reported numerous other radiocarbon ages between 
50 to 20 ka for shells in near-shore marine deposits on the 
GA coast south of the LSRA. Turck and Alexander (2013, 
their table 7.2) reported 56 to 35 ka OSL ages for deposits of 
marine sand on the southeast and southwest arms of Skidaway 
Island (SK05B and SK06B; fig. 2D, table 1). The combined 
age data for terrestrial and marine deposits indicate that Silver 
Bluff Shoreline Complex deposits record intermittent periods 
of late Pleistocene marine deposition and terrestrial processes.

Holocene Shoreline Complex (Qhi and Qhm)
Holocene Shoreline Complex fluvial marine and marine 

deposits (Qhm) surround Silver Bluff barrier island deposits 
(Qsbi) and extend up the major river valleys (fig. 2B). OSL 
ages for deposits landward of Skidaway Island are 35.1±2.2 ka 
(GAW40, Oatland Island) and 28.8±1.7 ka (GAW41, Fort 
McAllister). Localities of these dated deposits are shown on 
figure 2B. Sample ages and dating methods are in table 1. 
Analytical data for the OSL ages are in table 3. Swezey 
and others (2018) reported a 4.3 ka age for an oyster shell 
in the marine sand at the top of the Cockspur Island core 
just landward of Tybee Island (fig. 2B, specific location 
not shown). Turck and Alexander (2013) reported several 
OSL and 14C ages for barrier island and marsh and lagoonal 
deposits between Skidaway Island and Wassaw Island (islands 
shown on fig. 2B, specific localities not shown). These ages 
are one to two orders of magnitude younger than ages for 
Silver Bluff Shoreline Complex deposits and for the Holocene 
Shoreline Complex deposits at Fort McAllister and Oatland 
Islands. Two of those ages (OSL010, 0.389±0.06 ka; OSL011, 
0.135±0.02 ka) are included in table 1 for comparison to Silver 
Bluff and other Holocene Shoreline Complex ages.

Details for Previously Unpublished Age 
and Stratigraphic Data

This section presents previously unpublished stratigraphy 
and age data for several localities in the LSRA. Locations 
referred to are shown on figure 2A–D. Lithostratigraphic 
descriptions of exposures and cores are in figures 4–8. Depths 
for samples taken at each locality, mostly for age determi-
nations, are indicated on each figure. Numerical ages are 
included in tables 1 and 2. Analytical data for these calculated 
ages, and for soil and weathering profile ages, are presented 
in tables 3–8. Chemical and particle size distribution data for 
selected deposits are in tables 9–17. For near-shore marine 
deposits in the LSRA, primary minerals in the <0.063‑mm 
particle size are quartz, kaolinite, hydroxyinterlayered ver-
miculite, and gibbsite (Markewich and others, 2013).
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Shells or shell fragments
Phosphatic

EXPLANATION
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p

p
p

p

Sand, fine to medium, well sorted, 
argillaceous, slightly calcareous, 
phosphatic, some intervals are 
bioturbated, coarsens downsection 
with pebbly basal contact. 

Sand, gray to tan

Foraminiferal, sandy, argillaceous, 
phosphatic calcarenitic limestone and 
calcareous sandstone

Sand, fine, moderate to well sorted, 
argillaceous, slightly carcareous, 
phosphatic, thin bedded, gray to olive 
gray 

Georgia Geological Survey core number GGS 1164 or 535 (both labels are used in Huddlestun, 1988), 
Surface elevation 3.66 meters; lat 31.9899º N., long 81.0476º W.

Sandy micaceous clay, 
gray to tan

CHATHAM-1 CORE 

Miocene coastal and inner 
continental shelf deposits of the 

Coosawhatchie Formation
(Huddlestun, 1988)

Pleistocene coastal deposits 
of the Satilla Formation 

(Huddlestun, 1988); 
Pleistocene Princess Anne 

shoreline complex 
(Lawton and others, 1976); 
Figures 2, 3 in this report.

Pliocene coastal 
depoists of the Raysor Formation

(Huddlestun, 1988)
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Figure 7.  Lithostratigraphy of the Chatham 1 core in Qpam deposits on Isle of Hope, Chatham County, 
Georgia (CH‑1 on fig. 2A, D).
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(CH‑18 on figure 2A, D).
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Brooklet Auger Hole, Atop the 
Orangeburg Scarp

The Brooklet auger hole (figs. 2C and 4) is located 
on a broad interfluve atop the Orangeburg Scarp and is the 
most landward and topographically highest LSRA local-
ity for which there are age data. The interfluve is underlain 
by a deeply weathered and pedogenically altered near-
shore fluvial-marine to marine, fine and very fine quartz 
sand and clay (Nu on fig. 2C). Quartz is the primary silt 
and sand mineral (98 percent for a 300‑grain count) with a 
few percent rutile, zircon, and other opaque heavy miner-
als. Plinthites and other concretions/nodules are primarily 
quartz but also contain sesquioxides including gibbsite and 
hematite (Gallaher and others, 1973). Diagnostic soil and 
weathering properties for the Brooklet auger hole deposit 
differ markedly from the same indicator values for fluvial-
marine to marine quartz sand and clay deposits seaward of 
the Scarp (Qwi, Qpni, Qpmi in table 8). Soil and weathering 
parameters measured for this deposit are an estimated 30 to 
40 weight percent clay in the B horizons, a total thickness 
of 1.5 m for the B horizon, a >2.2‑m-thick solum (A and 
B horizons), an 8‑m depth of weathering, and high chroma 
10R and 5YR colors throughout the profile (table 8). Using 
the criteria of Markewich and others (1989) and Markewich 
and Pavich (1991), each parameter indicates a minimum 
age no younger than early middle Pleistocene. A calculated 
clay mass value of 75 to 110 g/cm2 and the maximum 10Be 
concentrations and inventory values for the Brooklet auger 
hole soil agree with this estimated early middle Pleistocene 
age. The 10Be concentration profile (figs. 2C, 4; table 4) has 
values that are significantly higher than values for paleosols 
developed in barrier sand seaward of the Scarp (table 8). 
The maximum 10Be concentration of 19.2 x 108 atoms/g in 
the Brooklet auger hole deposit is 1.7 times greater than the 
11.2 x 108 atoms/g maximum for the Wicomico (Qwi) deposit 
(Markewich and others, 2013), 3.3 times greater than for 
the Penholoway (Qpni) deposit, and 2.7 to 3.3 times greater 
than for the Pamlico (Qpmi) deposit. The total Brooklet 10Be 
inventory (104 10Be atoms/cm2 x 1010) is four times as great as 
the Pamlico deposit inventories (25 to 29 10Be x 1010 atoms/
cm2). Inventory data are in tables 4, 6–8. With correction for 
radioactive decay (t1/2 = 1.39 x 106 yr; Korschinek and others, 
2010), the minimum 10BePRT age for the Brooklet auger hole 
deposit atop the Scarp is 1 Ma to 700 ka. If the upper 0.9 m of 
the Brooklet profile had been sampled (fig. 4), the inventory 

value, and possibly the maximum concentration value, would 
be higher, indicating an even older minimum age. The posi-
tion of the Brooklet auger hole deposit atop the Scarp and 
landward of the late Pliocene to early Pleistocene deposits at 
the Scarp base (PPs on fig. 2A, C) indicates a deposit age no 
younger that early late Pliocene.

Chimney Road Core, Penholoway 
Shoreline Complex

The 16‑m-deep Chimney Road core is located near the 
northeastern end of the most seaward and topographically 
lowest (15 to 19 m) ridge of the Penholoway Shoreline 
Complex (Qpni on fig. 2A, C; core location on fig. 2C). 
Deposits at the Chimney Road core location are a deltaic 
sequence of fluvial-estuarine, estuarine, and near-shore-
marine/estuarine sand, silt, and clay overlain by 1 to 3 m of 
eolian sand (stratigraphy on fig. 5). Particle-size distribution 
data are in table 9. Major element oxide chemistry is in 
table 10. Particle size and chemistry reflect the quartz-rich 
eolian sand and the weathered and pedogenically altered 
clay-rich fluvial/near-shore marine coastal deposits. Soil and 
weathering indicator values for the fluvial-marine deposit, 
such as the dominant 5YR 4/4 color and 1.2 m argillic horizon 
thickness for the paleosol B horizon, indicate a several hun-
dred thousand year old age (table 8). This age agrees with the 
174.9 ka 10BePRT age (table 5) for the same deposit. Samples 
of the overlying 1.5‑m-thick eolian-sand were dated by both 
10BePRT and OSL analyses. 10Be inventory data for the eolian 
sand in the uppermost 1.5 m of core indicate a minimum 
residence time of 27 ka (table 5). Eolian sand at 0.91‑m depth 
in a nearby hand-dug pit (about 25 m northwest of the core) 
has an OSL age of 88.9±3.77 ka (GAW38). The combined 
OSL and 10BePRT ages for the Chimney Road core and the 
nearby hand dug pit indicate a minimum age of about 260 ka 
for the Penholoway barrier deposit. Markewich and others 
(2013) reported a 129±7 ka (GAW17) OSL eolian-sand age 
and a >225 ka (GAW34) barrier deposit age for these same 
strata at a locality just 350 m north of the Chimney Road core. 
The range in OSL and 10BePRT ages presented in this report 
and in Markewich and others (2013) indicate a minimum 
age of about 225 ka and an approximate age range of 360 to 
260 ka for this youngest barrier of the Penholoway Shoreline 
Complex. Age data are included in tables 2 and 3; locations 
are shown as stars 17, 34, and 38 on figure 2C.
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1716, Shuman, and Redgate Borrow Pits, 
Pamlico Shoreline Complex

Three large, no-longer-accessible, commercial borrow 
pits (1716, Shuman, and Redgate), located on one of the 
broad barrier flats of the Pamlico Shoreline Complex (Qpmi), 
exposed a 7‑ to 12‑m-thick transgressive sequence of fluvial, 
fluvial-marine, and barrier/beach-ridge deposits (location 
on fig. 2B; stratigraphy in fig. 6A–C). Compositionally, the 
upper 5 m of Pamlico shoreline deposits consist of fine, 
rounded to subrounded, quartz barrier sand with very abun-
dant Ophiomorpha. Thin clay beds and flasers are more 
numerous below 5 m depth, but Ophiomorpha generally 
are present in each sand bed. Discontinuous cypress swamp 
and fluvial gravel deposits occur beneath the marine sand in 
the 1716 and Shuman pits. The black silty, clayey sand to 
sandy clay swamp deposits occur at 7–8 m depth in the 1716 
pit (fig. 6A) and 10–11 m depth in the Shuman pit (fig. 6B). 
Cypress logs too old to date by 14C occur in these swamp 
deposits. Sedimentological and chemical analyses for the 
1716 and Shuman borrow pits are included in tables 11–17. 
Fossiliferous late Pliocene Duplin/Raysor Formation deposits 
were exposed in, and (or) were present as dredge piles at the 
base of these pits.

10BePRT ages were determined for the soil and weather-
ing profiles of the Pamlico Shoreline Complex marine sand 
exposed in the Shuman and Redgate borrow pits (fig. 6B, C). 
OSL ages were determined for the Pamlico Shoreline Complex 
marine sand exposed in the 1716 borrow pit (fig. 6A; 1716A 
and 1716B in tables 2 and 3). The Redgate soil and weathering 
profile was sampled to a depth of 898 cm; the Shuman profile 
was sampled to a depth of 355 cm. The minimum 10BePRT 
age for the marine sand at the Redgate borrow pit is 231 ka 
(table 7). For the Shuman borrow pit, the minimum 10BePRT 
age is 163 ka (table 6). This younger 10BePRT age for the 
Shuman soil and weathering profile is primarily due to the 
shallower depth of sampling. The 10Be concentration values 
for the Redgate and Shuman soil and weathering profiles are 
similar. 10Be concentration values for samples below 4 m 
depth in the Redgate pit are 1.8 x 108 atoms/g at 413 cm depth 
and 1.9 x 108 atoms/g at 898 cm depth. Appending these 

values to the base of the Shuman profile makes the soil and 
weathering profiles at the two sites comparable (10Be horizon 
inventories between 28–29 10Be atoms/cm2 x 1010, indicating 
a 230 ka 10BePRT minimum age). OSL ages of 267±28 ka and 
>290 ka from the 1716 borrow pit (tables 2 and 3) generally 
agree with the 231 ka 10BePRT age for the Redgate profile.

Markewich and others (2013) reported a >220 ka OSL 
age (GAW33) for deposits they referred to as Savannah River 
terrace fluvial/estuarine silty sand. On the 1:500,000 scale 
of the 1976 geologic map by Lawton and others this sample 
location is near the contact between Talbot and Pamlico 
marsh-lagoonal facies deposits (fig. 2C). The >220 ka OSL 
age for Qtm/Qpmm deposits at this locality agrees with ages 
for the Pamlico barrier marine sand (Qpmi) exposed in the 
1716, Shuman, and Redgate borrow pits. The combined OSL 
and 10BePRT data for the Qpmi and Qpmm deposits indicate 
a minimum age between 231 and 163 ka, and an age range 
of >290 to about 200 ka for the Pamlico Shoreline Complex. 
Using the criteria of Markewich and others (1989) and 
Markewich and Pavich (1991), the soil indicator values for the 
Pamlico barrier deposits exposed at these three localities also 
indicate an age range of 300 to 200 ka (table 8).

Localities Seaward of the Pamlico 
Shoreline Complex

A few unpublished lithostratigraphic descriptions and 
OSL ages are now available for Princesses Anne and Silver 
Bluff deposits in the LSRA. Core and sample locations are on 
figure 2D. The lithostratigraphy of Princess Anne (Qpam) and 
older deposits in the Chatham 1 core on Isle of Hope is shown 
on figure 7. The lithostratigraphy of Silver Bluff (Qsbi) and 
older deposits in the Chatham 18 core on Skidaway Island is 
shown on figure 8. Lithostratigraphy for the cores are from 
Furlow (1969), Huddlestun (1988) and P.F. Huddlestun (oral 
and written commun., 2010). Previously unpublished OSL 
ages for marine deposits on the Isle of Hope were >220 ka, 
35.7±2.7 ka, and 9.3±0.44 ka, (GAW20, 21, and 22 on fig. 2D 
and in tables 1 and 3) and show a greater than 200,000 year 
age range for deposits mapped as Princess Anne.
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Table 13.  Minor element chemistry in parts per million (ppm) for samples from the 1716 borrow pit, Chatham County, Georgia (lat 
32.0475° N., long 81.1793° W.; 10.5−11 meters surface elevation). Minor element chemistry determined by fusion-inductively-coupled 
plasma (FUS-ICP) analysis or fusion mass spectrometry. For all samples, Be, Ni, Cu, Zn, As, and In have values below detection limits.

Stratigraphy and 
depositional  
environment

1716  
borrow pit 
sample ID

Sample 
deptha  

(centimeter)
Sc V Cr Co Ga Ge Rb Sr Y Zr Nb Mo

Very well-sorted, 
fine and very 
fine, near-shore 
marine/estuarine 
quartz sand

15 20.0 5 17 30 2 4 2 20 58 8 349 5 <2
14 40.0 2 22 70 1 3 2 20 64 4 205 7 8
13 60.0 5 17 30 2 4 1 19 55 5 260 6 <2
12 80.0 3 25 60 2 5 2 17 50 7 230 6 6
11 100.0 5 18 30 2 5 2 18 48 6 234 5 <2
10 120.0 5 24 60 2 5 2 17 47 5 226 6 5
9 140.0 4 27 30 3 7 2 17 50 7 327 8 <2
8 160.0 4 36 60 3 8 2 17 41 10 585 12 4
7 180.0 6 37 60 2 5 2 14 33 12 661 13 6
6 200.0 5 29 30 2 5 2 14 33 12 619 12 <2
5 220.0 5 30 60 2 4 2 14 30 11 623 12 6
4 240.0 4 23 30 2 3 2 13 30 13 624 11 <2
3 260.0 4 25 50 1 3 1 12 30 11 618 11 5
2 280.0 4 17 30 2 3 2 12 30 11 637 10 <2
1 >300 4 20 30 2 3 2 12 30 11 594 10 <2

aSample depth is measured from the ground surface.

Table 14.  Minor element chemistry in parts per million (ppm) for samples from the 1716 borrow pit, Chatham County, Georgia (lat 
32.0475° N., long 81.1793° W.; 10.5−11 meters surface elevation). Minor element chemistry determined by fusion-inductively-coupled 
plasma (FUS-ICP) analysis or fusion mass spectrometry. For all samples, Be, Ni, Cu, Zn, As, and In have values below detection limits.

Stratigraphy and 
depositional 
environment

1716  
borrow pit 
sample ID

Sample 
deptha  

(centimeter)
Ag Sn Sb Cs Ba Bi La Ce Pr Nd Sm Eu

Very well-sorted, 
fine and very 
fine, near-
shore marine/
estuarine quartz 
sand

15 20.0 1 <1 1 <0.5 259 <0.4 16.8 32.7 3.79 15 3 0.52
14 40.0 0.6 <1 0.9 <0.5 292 <0.4 6.6 12.4 1.43 5.1 1.1 0.22
13 60.0 0.9 <1 0.9 <0.5 258 <0.4 7.8 15.1 1.78 7.2 1.4 0.27
12 80.0 0.8 <1 0.9 0.5 227 <0.4 8.4 15.5 1.85 6.7 1.4 0.29
11 100.0 0.8 <1 1 <0.5 229 <0.4 8.7 15.6 1.75 6.6 1.4 0.26
10 120.0 0.7 <1 1.1 <0.5 227 <0.4 8 14.4 1.64 6.2 1.3 0.26
9 140.0 1.1 1 0.9 0.9 202 <0.4 14.3 26.8 3.06 11.2 2.2 0.32
8 160.0 1.7 2 1.4 1.3 170 0.4 18.9 33.8 3.85 13.9 2.7 0.37
7 180.0 2.3 1 1.1 0.8 143 <0.4 18 34.5 4.01 14.4 2.9 0.32
6 200.0 2 1 0.9 0.9 144 <0.4 17.3 33.6 3.77 13.6 2.6 0.33
5 220.0 2.1 2 0.8 0.9 139 <0.4 15.7 30.2 3.42 12.1 2.4 0.25
4 240.0 1.9 1 1.2 0.8 136 <0.4 16.2 31.3 3.55 13.1 2.5 0.27
3 260.0 1.7 <1 0.9 0.6 136 <0.4 14.4 27.7 3.18 11.5 2.2 0.24
2 280.0 1.9 1 1.1 0.6 135 <0.4 14.6 28.6 3.18 12.2 2.3 0.23
1 >300 1.7 <1 1.2 0.7 137 <0.4 15.7 31.4 3.52 13 2.5 0.26

aSample depth is measured from the ground surface.



Details for Previously Unpublished Age and Stratigraphic Data    35
Ta

bl
e 

15
. 

Pa
rti

cl
e-

si
ze

 d
is

tri
bu

tio
n 

da
ta

 in
 w

ei
gh

t p
er

ce
nt

, S
hu

m
an

 b
or

ro
w

 p
it,

 C
ha

th
am

 C
ou

nt
y,

 G
eo

rg
ia

 (l
at

 3
2.

05
33

° 
N

., 
lo

ng
 8

1.
16

00
° 

W
.; 

9−
10

.5
 m

et
er

s 
su

rfa
ce

 e
le

va
tio

n)
.

[v
cs

, v
er

y 
co

ar
se

 sa
nd

; c
s, 

co
ar

se
 sa

nd
; m

s, 
m

ed
iu

m
 sa

nd
; f

s, 
fin

e 
sa

nd
; v

fs
, v

er
y 

fin
e 

sa
nd

; m
, m

et
er

; c
m

, c
en

tim
et

er
, m

m
, m

ill
im

et
er

; t
r, 

tra
ce

]

  S
tr

at
ig

ra
ph

y 
an

d 
 

de
po

si
tio

na
l e

nv
ir

on
m

en
t

  S
hu

m
an

  
bo

rr
ow

 p
it 

sa
m

pl
e 

ID

  S
am

pl
e 

in
te

rv
al

  
th

ic
kn

es
s 

 
(c

m
)

  S
am

pl
e-

de
pt

h 
 

m
id

po
in

ta
,b

  
(c

m
)

  V
cs

  
2.

0–
1.

0 
 

m
m

  C
s 

 
1.

0–
0.

5 
 

m
m

  M
s 

 
0.

5–
0.

25
  

m
m

  F
s 

 
0.

25
–0

.1
  

m
m

  V
fs

  
0.

1–
0.

05
  

m
m

  T
ot

al
  

2.
0–

0.
05

  
m

m

N
ea

r-s
ho

re
 m

ar
in

e/
es

-
tu

ar
in

e 
ve

ry
-fi

ne
 a

nd
 

fin
e 

qu
ar

tz
 sa

nd
 w

ith
 

O
ph

io
m

or
ph

a 
bu

rr
ow

s 
be

lo
w

 3
.5

‑m
 d

ep
th

1
50

25
.0

0.
0

tr
1.

5
81

.7
7.

9
91

.1
2

70
85

.0
0.

0
tr

1.
9

82
.4

8.
3

92
.6

3
50

14
5.

0
0.

0
0.

1
1.

4
78

.5
8.

9
88

.9
4

40
19

0.
0

0.
0

tr
1.

1
64

.3
5.

7
71

.1
5

73
24

6.
5

0.
0

tr
0.

2
59

.6
13

.5
73

.3
6

30
29

8.
0

tr
tr

0.
1

73
.2

9.
2

82
.5

7
85

35
5.

5
0.

0
tr

0.
2

75
.6

8.
7

84
.5

Es
tu

ar
in

e 
cl

ay
8

10
0

95
0.

0
tr

0.
1

0.
4

1.
7

10
.7

12
.9

Sa
nd

 w
ith

 sh
el

l
9

2
1,

70
1.

0
15

9.
8

5.
5

38
.8

11
.9

80
.8

a S
am

pl
e 

de
pt

h 
is

 m
ea

su
re

d 
fr

om
 th

e 
gr

ou
nd

 su
rf

ac
e.

b T
he

re
 a

re
 g

ap
s i

n 
sa

m
pl

e 
de

pt
hs

 b
et

w
ee

n 
sa

m
pl

es
 7

 a
nd

 8
 a

nd
 b

et
w

ee
n 

sa
m

pl
es

 8
 a

nd
 9

.



36    Synthesis of Geochronologic Research on Late Pliocene to Holocene Emergent Shorelines in Southeastern Georgia
Ta

bl
e 

16
. 

Pa
rti

cl
e-

si
ze

 d
is

tri
bu

tio
n 

da
ta

 in
 w

ei
gh

t p
er

ce
nt

, S
hu

m
an

 b
or

ro
w

 p
it,

 C
ha

th
am

 C
ou

nt
y,

 G
eo

rg
ia

 (l
at

 3
2.

05
33

° 
N

., 
lo

ng
 8

1.
16

00
° 

W
.; 

9−
10

.5
 m

et
er

s 
su

rfa
ce

 e
le

va
tio

n)
.

[s
i, 

si
lt;

 c
ly

, c
la

y;
 m

, m
et

er
; m

m
, m

ill
im

et
er

; c
m

, c
en

tim
et

er
]

  S
tr

at
ig

ra
ph

y 
an

d 
de

po
si

tio
na

l  
en

vi
ro

nm
en

t

  S
hu

m
an

  
bo

rr
ow

 p
it 

sa
m

pl
e 

ID

  S
am

pl
e 

in
te

rv
al

  
th

ic
kn

es
s 

 
(c

m
)

  S
am

pl
e 

de
pt

h 
 

m
id

po
in

ta
,b

  
(c

m
)

Co
ar

se
  

si
  

0.
02

–0
.0

5 
 

m
m

Fi
ne

  
si

  
0.

00
2–

0.
02

  
m

m

To
ta

l  
si

  
0.

00
2–

0.
05

  
m

m

  T
ot

al
  

cl
y 

 
0.

00
02

–0
.0

02
  

m
m

  T
ot

al
  

si
 +

 c
ly

  
0.

00
02

–0
.0

5 
 

m
m

N
ea

r-s
ho

re
 m

ar
in

e/
 

es
tu

ar
in

e 
ve

ry
-fi

ne
 

an
d 

fin
e 

qu
ar

tz
 sa

nd
 

w
ith

 O
ph

io
m

or
ph

a 
bu

rr
ow

s b
el

ow
 

3.
5‑

m
 d

ep
th

1
50

25
.0

3.
4

4.
1

7.
5

1.
4

8.
9

2
70

85
.0

3.
1

3.
9

7.
0

0.
4

7.
4

3
50

14
5.

0
3.

9
3.

5
7.

4
3.

7
11

.1
4

40
19

0.
0

2.
6

4.
6

7.
2

21
.7

28
.9

5
73

24
6.

5
2.

8
0.

4
3.

2
23

.5
26

.7
6

30
29

8.
0

1.
7

0.
7

2.
4

15
.1

17
.5

7
85

35
5.

5
2.

1
1.

4
3.

5
12

.0
15

.5
Es

tu
ar

in
e 

cl
ay

8
10

0
95

0.
0

10
.6

18
.7

29
.3

57
.8

87
.1

Sa
nd

 w
ith

 sh
el

l
9

2
1,

70
1.

0
9.

8
6.

1
15

.9
3.

3
19

.2

a S
am

pl
e 

de
pt

h 
is

 m
ea

su
re

d 
fr

om
 th

e 
gr

ou
nd

 su
rf

ac
e.

b T
he

re
 a

re
 g

ap
s i

n 
sa

m
pl

e 
de

pt
hs

 b
et

w
ee

n 
sa

m
pl

es
 7

 a
nd

 8
 a

nd
 b

et
w

ee
n 

sa
m

pl
es

 8
 a

nd
 9

.



Summary of Age Data    37

Summary of Age Data
This report presents age data for emergent shoreline 

deposits in the LSRA in Georgia. The assigned ages are based 
on stratigraphic position, lithostratigraphy, fossil content, soil 
and weathering diagnostic properties, and numerical ages 
based on 10BePRT, U-series, AAR, 14C, and OSL analyses. 
The following paragraphs present a preliminary geochronol-
ogy for these deposits based on these data.

•	 The 1 Ma minimum 10BePRT age for the paleosol 
developed in nearshore marine sand and clay atop the 
Orangeburg Scarp indicates scarp formation some-
time prior to 1 Ma. The 87Sr/86Sr based ages of 3.6 to 
2.0 Ma for Duplin deposits, and 2.1 to 1.5 Ma for 
Waccamaw deposits, seaward of the Orangeburg Scarp 
in southeastern North Carolina indicate deposition in 
the middle to late Pliocene to early Pleistocene. These 
numerical ages agree with the late Pliocene to early 
Pleistocene fossil-based age assignment for Duplin/
Raysor deposits in the LSRA. The combined age data 
indicate a minimum period of 106 years for forma-
tion of the Orangeburg Scarp and a no-younger-than 
middle Pliocene age for deposits atop and landward of 
the Scarp.

•	 The minimum 360 ka and maximum 420 ka ages for 
deposits of the Wicomico Shoreline Complex were cal-
culated from 10BePRT and OSL analyses for deposits 
of the Wicomico barrier and the overlying eolian sand, 
and from OSL ages for marine and eolian deposits 
landward and seaward of the Wicomico barrier. The 
combined ages indicate Wicomico Shoreline Complex 
deposition occurred in the middle Pleistocene.

•	 A minimum age of 225 ka and an age range of 
360 to 260 ka for barrier/beach-ridge deposits of the 
Penholoway Shoreline Complex are calculated from 
10BePRT and OSL ages of the marine deposits and the 
overlying eolian sand. These ages and the position of 
the Penholoway Shoreline Complex seaward of the 
Wicomico Shoreline Complex indicate deposition after 
that of the Wicomico Shoreline Complex, but still in 
the middle Pleistocene.

•	 No numerical ages are available for deposits mapped as 
part of the Talbot Shoreline Complex, but its position 
seaward of the Penholoway Shoreline Complex and 
landward of the Pamlico Shoreline Complex indicates 
an age younger than approximately 260 ka.

•	 A minimum age of 200 ka and an age range of 300 to 
200 ka for barrier deposits of the Pamlico Shoreline 
Complex were calculated from previously unpublished 
10BePRT and OSL ages for these deposits and OSL and 
14C ages for marine and terrestrial deposits seaward 
of this complex. The age range overlaps with that of 
the Talbot Shoreline Complex and indicates deposi-
tion immediately succeeding deposition of the Talbot 
Shoreline Complex and overlap/removal of most 
Talbot age deposits by the Pamlico sea level highstand.

•	 AAR, 14C, and OSL ages indicate multiple periods of 
deposition in the middle Pleistocene through the early 
Holocene for the Princess Anne Shoreline Complex.

•	 U-series, OSL and 14C ages indicate Silver Bluff 
Shoreline Complex deposition in the late Pleistocene.

•	 OSL and 14C ages indicate Holocene Shoreline 
Complex deposition in the late Pleistocene and 
Holocene.

Table 17.  Major element oxide chemistry in weight percent for samples from the Shuman borrow pit, Chatham County, Georgia 
(lat 32.0533° N., long 81.1600° W.; 9−10.5 meters surface elevation).

[(T) indicates total iron reported as an oxide; cm, centimeter; m, meter]

Stratigraphy and  
depositional environment

Shuman  
borrow pit 
sample ID

Sample interval  
thickness  

(cm)

Sample 
deptha  
(cm)

SiO2b,c Al2O3
Fe2O3  

(T)

Near-shore marine/estuarine very-
fine and fine, quartz sand with 
Ophiomorpha burrows in the 
below 3.5‑m depth

1 50 25.0 95 1.64 0.55
2 70 85.0 96 1.38 0.49
3 50 145.0 95 1.87 0.66
4 40 190.0 84 7.51 1.96
5 73 246.5 84 7.95 2.25
6 30 298.0 88 6.2 1.21
7 85 355.5 89 5.57 0.92

aSample depth measured is measured from the surface.
bTotal iron reported as an oxide.
cDetection limit is 0.01.
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General Observations Based on the 
Age Data

The following are general observations for the 
Orangeburg Scarp and for emergent paleoshoreline depos-
its and geomorphically identifiable shoreline complexes in 
LSRA. These observations are based on the age data presented 
in this report.

•	 LSRA shoreline complexes represent deep sea marine 
oxygen isotope stages (MIS) 11e (Wicomico); 9e, 
9c, and 9a (Penholoway); 7e, 7c, and 7a (Talbot and 
Pamlico); possibly 11, 9, 7 and 5e? (Princess Anne); 
and 5c and 5a (Silver Bluff). Ages less than 70 ka for 
Princess Anne, Silver Bluff, and Holocene Shoreline 
Complex deposits below 8 m elevation indicate 
intermittent nearshore marine deposition in MIS4, 
MIS3, MIS2, and MIS1 (MIS assignments based on 
LR04 stack as presented in Railsback and others, 
2015, fig. 3).

•	 Paleosol data for barrier islands facies of LSRA 
shoreline complex deposits generally agree with 
their relative positions in the landscape. The paleosol 
developed in Wicomico (Qwi) barrier/beach-ridge 
deposits has a 2‑m-thick B horizon. Paleosols in the 
Penholoway (Qpni) (Chimney Road core, fig. 2C) 
and the Pamlico (Qpmi) barrier deposits (1716 and 
Shuman pits, fig. 2B) each have a 1‑m-thick B horizon. 
The maximum paleosol B horizon combined clay 
and silt (<0.063 mm) content is 34 weight percent in 
the Wicomico, 24 in the Penholoway, and 29 in the 
Pamlico. Minimum paleosol B horizon clay mass is 
72 g/cm2 for the Wicomico, 54 for the Penholoway, 
and 25 for the Pamlico. Paleosol B horizon 
Fe2O3+Al2O3/SiO2 values are 15–20 for the Wicomico, 
9–14 for the Penholoway, and 5–12 for the Pamlico. 
Paleosol B horizon colors are high value, high chroma 
10R 6/6 and 10YR 8/6 in the Wicomico, medium 
value and chroma 5YR 4/4 in the Penholoway, and 
medium to high value, high chroma 5YR 5/6 to 5/8 and 
7.5YR 5/6 to 5/8 in the Pamlico. Using the criteria in 
Markewich and others (1989), the ages of these paleo-
sols plot between 500 and 200 ka.

•	 LSRA Pleistocene shoreline deposits indicate a record 
of sea level highstands that are not in complete agree-
ment with modeled global sea levels.

•	 Early Pleistocene deposits are identified only at 
a few localities near the surface and in core, and 
the identifications are based on limited microfossil 
assemblages. Available data indicate a period of 
more than 1 million years between deposition of the 
late Pliocene and early Pleistocene sands and gravels 
(map unit PPs, Lawton and others [1976]) and the 

middle Pleistocene Wicomico Shoreline Complex 
(map units facies Qwi and Qwm, Lawton and others 
[1976]).

•	 No last interglacial (130 to 115 ka) marine deposits 
(MIS5e) have been positively identified.

•	 The occurrence of 117 to 80 ka marine deposits 
(MIS5c and MIS5a) and 70 to 10 ka marine deposits 
(MIS4, MIS3, and MIS2) near present sea level con-
flicts with modeled global sea levels for these time 
periods. Modeled sea levels for these time periods 
are tens of meters lower than present sea level, indi-
cating intermittent periods of cooler temperatures 
and greater ice volumes. Regionally extensive eolian 
sand deposits and braided stream deposits with ages 
in these time intervals also indicate cold, dry, wind-
dominated environments.

Concluding Comment
As a synthesis of available age and stratigraphic data 

for emergent shoreline deposits seaward of the Orangeburg 
Scarp in the lower Savannah River area (LSRA) of Georgia, 
this report is purposely not interpretive. Observations based 
on the data presented in the report lead to specific ques-
tions that cannot be answered without considerably more 
local and regional data. Researchers have begun to identify 
and study some of the variables in Pliocene and Pleistocene 
global sea levels and regional/local variations in those levels. 
For example,

•	 Current research focusing on established lithostratig-
raphy, established deposit chronologies, microfossil 
distance from shore indicators, and crustal defor-
mation resulting from glacioisostasy now allows 
tentative correlation of Atlantic Coastal Plain (ACP) 
MIS 5, MIS 7, and MIS 9 sea level highstands 
from Florida to Maryland (Poirier and others, 2014, 
2015, 2016).

•	 In the southeastern Atlantic Coastal Plain (SEACP), 
near-present-sea level nearshore marine deposits 
contain flora and fauna that indicate warm-temperate 
climates and sea level highstands. Eolian dunes and 
sand sheets, and braided river fluvial deposits in 
this region indicate relatively cool to cold and dry 
climatic conditions with sufficiently strong winds to 
geomorphically alter the landscape. The apparently 
coincident presence of these deposits is enigmatic. 
Jiménez-Moreno and others (2010) and Litwin and 
others (2013) have shown that the conflicting late 
Pleistocene paleoclimate data may be related to mil-
lennial and submillenial scale variations in vegetation 
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resulting from Dansgaard-Oeschger and Heinrich7 
climate variability in the North Atlantic Ocean. This 
area of research may provide resolution of near present 
sea level MIS4, MIS3, and early MIS2 marine deposits 
occurring coeval with eolian sand dunes and braided 
stream deposits in many of the SEACP river valleys 
(for example, Hoyt, 1968; Owens and Denny, 1979; 
Pirkle and others, 1991; Rich and Pirkle, 1993; Pavich 
and others, 2006; Jiménez-Moreno and others, 2010; 
Swezey and others, 2013, 2018, 2019; Markewich and 
others, 2015, and included references).

The rapid and large-scale changes in global sea levels, 
resulting from long and short term changes in climate, as well 
as the effects of epeirogenic uplift and isostatically induced 
crustal uplift and subsidence, continue to be studied and 
debated. The ability to constrain the timing of these events 
facilitates understanding of the spatial and temporal dynamics 
of sea level change, including present global sea level rise. 
Age data presented in this report for emergent Pliocene and 
Pleistocene deposits in the LSRA add to our understanding of 
these events in the SEACP.
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Glossary

The following definitions primarily are from 
the on line version of the Glossary of Geology 
(h​ttps://glo​ssary.amer​icangeosci​ences.org/​), 
as well as the version by Bates and Jackson 
(1987), and the version by Gary and others 
(1972), The Dictionary of Geological Terms by 
the American Geological Institute (1962), and 
references included in those publications. The 
definitions are written to explain the terms used 
in this report.

deposit  Consolidated or unconsolidated 
material of any type or from any source that 
has accumulated by some natural process 
or agent, including material accumulated by 
water, wind, ice, volcanoes, and chemical 
processes. In this report, the term deposit 
refers to a mass (aggregate) or layer of 
generally unconsolidated sediment that may 
include gravel, sand, silt, clay, and (or) shell and 
was laid down (deposited) by water or wind.

estuarine  Pertaining to, or formed, or living in 
an estuary; especially said of deposits and of 
the sedimentary or biological environment of an 
estuary. An estuary is a semi-enclosed coastal 
body of water that has a free connection with 
the open sea and within which seawater is 
measurably diluted with freshwater from land 
drainage.

fluvial  (a) Of or pertaining to a river or rivers. 
(b) Existing, growing, or living in or about a 
stream or river and its floodplain. (c) Produced 
by the action of a stream or river.

formation  A formation is a lithostratigraphic 
unit that often contains a variety of related or 
interlayered rock types and is thick enough and 
distinctive enough in appearance that it can 
be mapped at the Earth’s surface and (or) in 
the subsurface. It is defined by characteristics 
of its included sediments and by stratigraphic 
position.

marine  Of, or belonging to, or caused by the 
sea. In this report, marine is used as a modifier 
that identifies the origin of a deposit that 
commonly contains a variety of sediment types, 
such as clay, sand, and shell.

morphostratigraphic unit  A distinct 
stratigraphic unit, defined by Frye and Willman 
(1960, p. 7) as “a body of rock that is identified 
primarily from the surface form it displays”; 
it may or may not be distinctive lithologically 
from contiguous units, and may or may not 
transgress time throughout its extent. The term 
is used in stratigraphic classification of surficial 
deposits such as glacial moraines, alluvial fans, 
beach ridges, and other such deposits where 
landforms serve to give identity to a body of 
clastic sediments.

progradation  The building forward or 
outward toward the sea of a shoreline or 
a coastline by nearshore deposition of 
river-borne sediments or by continuous 
accumulation of beach material thrown upward 
by waves or moved by longshore drifting.

sedimentary depositional environment  A 
geomorphic unit in which deposition takes 
place by physical, biological, and (or) chemical 
processes. Characteristics of the sediment 
produced are the result of the intensity and 
duration of the formative process or processes.

sequence  In stratigraphy, a sequence 
is a succession of sedimentary materials 
deposited in related environmental conditions 
that are arranged in chronologic order to 
show their relative position and age with 
respect to geologic history as a whole. In 
this report, the term applies to sedimentary 
deposits that as a group were deposited 
during and represent a sea level highstand. 
The primary use of “sequence” in this report 
is the same as that in Winker and Howard 
(1977). These authors differentiated and 
assigned “informal geographic names” to five 
regressive geographic shoreline sequences 
in the southeastern Atlantic Coastal Plain, and 
“drew” tentative shoreline curves for three 
of the five sequences. The lines of evidence 
they used to differentiate the sequences are 
summarized in the first footnote in this report.

strata  (plural of stratum)	 The term is usually 
used in its plural form. A distinct sheet-like or 
tabular layer of homogeneous or gradational, 
consolidated or unconsolidated, deposited 
material (a bed or beds) that is (are) separable 
from layers above and below by a discrete 
change in the character of the material.

https://glossary.americangeosciences.org/
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Appendix 1.  Methods Used for Sampling and Analyses
Previously unpublished data presented in this report are 

from field investigations that took place from the middle 1990s 
through 2015. Field methods included sampling ephemeral 
excavations (for example, large commercial borrow pits, swim-
ming pools, farm ponds, soil pits); exposures along rivers, 
roads, and railroads; cores; and borings. Optically stimulated 
luminescence (OSL) and meteoric Beryllium‑10 paleosol resi-
dence time (10BePRT) analyses were the primary methods used 
(individually or in combination) to calculate minimum deposit 
age (tables 4−7). Standard pedologic nomenclature is used for 
the generalized soil descriptions that accompany the geologic 
description for each exposure, core, or boring (figs. 4−7). Some 
soils developed in the emergent near-shore marine deposits are 
at the surface, whereas others have been buried by eolian sand 
(for example, fig. 5). For the purposes of this report, all soils, at 
the surface or buried, are referred to as paleosols.

Diagnostic properties of soils (in other words, number of 
horizons, thickness of solum, thickness of the argillic horizon, 
clay mass of the argillic horizon, and degree of rubification) 
were measured and compared. Data from soil field descrip-
tions and from sedimentologic and geochemical analyses were 
compared with luminescence and radiometric age determina-
tions. Samples taken for particle-size analyses were submit-
ted to the U.S. Geological Survey (USGS) Eastern Geology 
and Paleoclimate Science Center Sediment Laboratory, 
Reston, Virginia, or to the U.S. Department of Agriculture 
National Soil Survey Center laboratory in Lincoln, Nebraska. 
Samples collected for chemical analysis were submitted to the 
USGS analytical laboratory in Denver, Colorado (methods 
in Taggart and others, 1987) or to Activation Laboratories 
Ltd. (Actlabs), Ancaster, Onatrio, using the 8‑REE Assay 
Package by fusion inductively coupled plasma (ICP) and ICP 
mass spectrometry (ICP-MS). Samples were submitted to 
the USGS Luminescence Dating Laboratory for age analysis 
using OSL techniques, (h​ttps://www​.usgs.gov/​centers/​gecsc/​
labs/​luminescence-​dating-​laboratory?​qt-​science_​support_​
page_​related_​con=​4#qt-​science_​support_​page_​related_​con). 
Luminescence procedures followed those of Nelson and 
others (2015) and Gray and others (2015). Sediment and soil 
samples collected for accelerator mass spectrometry (AMS) 
determination of 10Be concentrations were processed by the 
University of Vermont Cosmogenic Facility, Burlington, 
Vermont (http://www.uvm.edu/​cosmolab/​; methods posted at 
http://www.uvm.edu/​cosmolab/​?​Page=​methods.html&SM=​
methods_​sub_​menu.html). The prepared BeO samples were 
analyzed isotopically at the Lawrence Livermore Laboratory, 
Livermore, California, and at the Scottish Universities 
Environmental Research Center (SUERC). A more detailed 
description for each of these methods is included in 
Markewich and others (2013, section 4).

Brief Description of 
Analytical Methods

Optically Stimulated Luminescence 
(OSL) Analysis

OSL dating provides an age estimate of the last time 
minerals, such as quartz and feldspar, were last exposed to 
sufficient light or heat to reset a prior luminescence signal 
(Preusser and others, 2009; Rhodes, 2011). Latent lumines-
cence is generated by exposure to natural ionizing radiation 
(potassium, uranium, thorium, and cosmic rays) and results 
from the accumulation of electrons within defects of the quartz 
and feldspar mineral lattices. When stimulated by exposure to 
light, heat, or high pressure, the latent luminescence is emitted 
either naturally or within a laboratory setting. If it is within a 
laboratory setting, this luminescence can be precisely mea-
sured to calculate how long it has been since buried sediments 
were last exposed to sunlight, which occurs when sediments 
are eroded and (or) transported. OSL techniques were used to 
date both the emergent shoreline deposits, and where needed, 
the overlying eolian sand deposits. Readers are referred to 
Lamothe (2016) for a complete discussion of luminescence 
dating of coastal deposits and to Markewich and others (2013) 
for an explanation of the OSL techniques used in this study.

Light-tight tubes were used to take samples for OSL 
dating. One of two methods was employed. From the cleaned 
face of a road-cut or river-bank exposure, the tube was pushed 
horizontally into the eolian sand, or where no exposure was 
available, a 0.76‑meter-deep pit was dug and the tube pushed 
downward into the sediment. For each method, the tube was 
carefully dug out of the enclosing sediment and capped to 
prevent light exposure during sampling.

Meteoric 10Be paleosol Residence-Time 
(10BePRT) Analysis

A minimum residence time can be determined from 
the meteoric 10Be inventory (atoms per square centimeter 
[atoms/cm2]) of a paleosol and the underlying weathered 
parent material. Beryllium‑10 is a radioactive isotope 
(t1/2 = 1.39 x 106 years [yr]; Korschinek and others, 2010) pro-
duced in the atmosphere by cosmic-ray spallation of nitrogen 
and oxygen nuclei and delivered to Earth’s surface by precipi-
tation and dryfall (Graly and others, 2011). The 10Be inventory 
(atoms/cm2) of a subaerially-exposed deposit can be used as 
a quantitative index of subaerial exposure (exposure age and 
[or] erosion rate) because it is retained in the soil clay-iron 
oxyhydroxide complex (Graly and others, 2010). Pavich and 
others (1985) and Pavich and Vidic (1993) included discus-
sions on the use of 10Be analysis in soil chronosequence 

https://www.usgs.gov/centers/gecsc/labs/luminescence-dating-laboratory?qt-science_support_page_related_con=4#qt-science_support_page_related_con
https://www.usgs.gov/centers/gecsc/labs/luminescence-dating-laboratory?qt-science_support_page_related_con=4#qt-science_support_page_related_con
https://www.usgs.gov/centers/gecsc/labs/luminescence-dating-laboratory?qt-science_support_page_related_con=4#qt-science_support_page_related_con
http://www.uvm.edu/cosmolab/
http://www.uvm.edu/cosmolab/?Page=methods.html&SM=methods_sub_menu.html
http://www.uvm.edu/cosmolab/?Page=methods.html&SM=methods_sub_menu.html


studies. The determination of minimum exposure age based 
on the concentration of meteoric 10Be is based on a calculation 
of the inventory (atoms/cm2) in the solum and a simple model 
of constant flux of meteoric 10Be to the soil surface during 
exposure. The inventory is the product of the horizon thick-
ness (cm), the bulk density of the horizon (grams per cubic 
centimeter [g/cm3]) and the 10Be concentration (atoms/g) in 
each horizon. In the absence of analytical data, we estimate 
horizon bulk density values for the near-shore marine sedi-
ment to be between 1.5 and 1.7 g/cm3 (Markewich and others, 
1986, 2013).

No correction has been made for the inherited concentra-
tion of 10Be. Because sampling depths were limited to soils 
and underlying weathered sediments, we cannot directly 
account for any inherited 10Be at each site; however, at the 
time of deposition, the marine sand probably had a very low 
concentration of adsorbed 10Be.

The accumulation of 10Be is the result of delivery of the 
isotope by rainwater at a rate of about 1.3 x 106 atoms/cm2/yr 
at humid, temperate, mid-latitude sites (Brown and others, 
1988; Graly and others, 2010). The trend of increasing con-
centrations and inventories with time in soil chronosequences 
elsewhere (Pavich and others, 1986; Pavich and Vidic, 1993) 
supports the hypothesis that an open soil system exposed to 
the atmosphere continues to accumulate 10Be until the erosion 

rate of the soil matches or supersedes the delivery rate of 10Be. 
At pH greater than 5, 10Be is strongly adsorbed on particles, 
particularly clay-size material (Graly and others, 2010; Bacon 
and others, 2012). The very high distribution coefficients 
(Kd >104) for clays and metal oxyhydroxides measured in 
laboratory experiments corroborate field measurements of 
little solution transport of 10Be (Brown and others, 1988). 
During soil genesis and clay accumulation in the argillic 
horizon, 10Be concentrations increase due to processes of 
adsorption or precipitation of oxyhydroxides. Using the annual 
average deposition rate (q) of atoms/cm2/yr, soil residence 
times for different sedimentologic units were calculated using 
the following equations: (1) N = Conc × tk × BD, (2) Unit 
inventory = ΣN (atoms/cm2) from each horizon, and (3) Unit 
residence time (t) = −(1/λ) × ln(1−λN/q), where N = horizon 
inventory (atoms/cm2), Conc = concentration (108 atoms/g), 
tk = horizon thickness (cm), BD = bulk density (g/cm3), λ is 
decay constant (5.3 × (0.1)7/yr), q = deposition rate (atoms/
cm2/yr), and t is in years (yr). The largest uncertainty in 
residence-time calculations is the variation of the deposition 
rate. Graly and others (2011) demonstrated that 10Be delivery 
is highly correlated with rainfall and estimated the uncertainty 
in the delivery term to be ±20 percent, which was adopted for 
residence-time calculations in this report.
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