


Geological Studies of the

COST GE-1 Well,
United States South Atlantic
Outer Continental Shelf Area

By Peter A. Scholle, Editor

GEOLOGICAL SURVEY CIRCULAR 800

1979



United States Department of the Interior
CECIL D. ANDRUS, Secretary

Geological Survey
H. William Menard, Director

Use of brand names in this report is for descriptive purposes only
and does not constitute endorsement by the U.S. Geological Survey.

Free on application to Branch of Distribution, U.S. Geological Survey, 1200 South Eads Street, Arlington, VA 22202



CONTENTS

Page
Abstract 1
Introduction L
Acknowledgments 3
Geologic setting, by William P. Dillon, Kim D. Klitgord, and Charles K. Paull 4
Regional stratigraphy and structure of the Southeast Georgia Embayment, by Page C. Valentine-- 7
Data summary and petroleum potential, by Peter A. Scholle 18
Lithologic descriptions, by E. C. Rhodehamel 24
Petrophysical summary, by E. K. Simonis 37
Petrographic summary, by Robert B. Halley 42
Foraminiferal biostratigraphy, paleoecology, and sediment accumulation rates, by C. Wylie Poag

and Raymond E. Hall 49
Calcareous nannofossil biostratigraphy and palecenvironmental interpretation, by Page C.

Valentine - 64
Radiometric age determinations, by E. K. Simonis 71
Geothermal gradients, by E. I. Robbins 72
Organic geochemistry, by R. E. Miller, D. M. Schultz, G. E. Claypool, M. A. Smith, H. E.

Lerch, D. Ligon, C. Gary, and D. K. Owings - 74
Geophysical studies, by R. C. Anderson and D. J. Taylor 93
Structure of the Continental Margin near the COST No. GE-1 drill site from a common-depth-

point seismic-reflection profile, by William P. Dillon, Charles K. Paull, Alfred G. Dahl,

and William C. Patterson - 97
Conclusions 108
References cited 109

ILLUSTRATIONS

Page
Figure 1. Locality map 2

2. Regional geologic and bathymetric features in relation to the COST No. GE-1 well,

other wells, and USGS seismic line TD-5

3. Location of wells, cross-sections lines, and structural features of the Southeast
Georgia Embayment 8
4. Section XX through offshore Southeast Georgia Embayment 9
5. Section YX’ through Southeast Georgia Embayment 12
6. Sections YY" and ZZ° through Southeast Georgia Embayment- 14
7. Generalized lithologies and depositional environments for COST No. GE-1 well-—---—-- - 19
8. Porosity and permeability data as a function of depth 21
9. Comparison of various measures of thermal maturity as a function of depth————------ 22
10. Lithologic log 25
11. Porosities of conventional and sidewall cores - 39
12. Permeabilities of conventional and sidewall cores 40
13. Core porosities as related to core permeabilities - 41
14. Photomicrograph of chalk 45
15. Photomicrograph of chalk 45
16. Photomicrograph of calcareous shale 45
17. Porosity depth relations of chalks in COST No. GE-1 well compared with other 46

chalks




18-25.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.

31.
32.
33.
34.

35.
36.

37.
38.

39.
40.
41.
42.

43.
44.

45.

46-49.
46.

47.

48.
49.

Table 1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.

Photomicrographs:
Oolite
Oolite -
Moldic porosity in blocky calcite cement
Oomoldic porosity
Fine-grained arkose
Medium-grained arkose:
Quartzite
Volcanic rock (trachyte)

Biostratigraphic column for Albian through Pleistocene rocks

Paleoecological dip section of Cenozoic rocks, Southeast Georgia Embayment———--—----

Paleobathymetry, accumulation rates, and subsidence rates of rocks in the COST No.
GE-1 well

Sediment accumulation rate curve for COST No. GE-1 well

Comparison of Cenozoic sediment accumulation rates at COST No. GE-1 well and nearby
core holes

Diagrammatic examples of subsidence rate calculations -

Temperature data for the COST No. GE-1 well

Gas—-chromatographic analyses of saturated hydrocarbons of Tertiary rocks———————=———-

Gas-chromatographic analysis of saturated hydrocarbons of Tertiary and Upper
Cretaceous rocks

Gas—-chromatographic analyses of saturated hydrocarbons of Upper and Lower
Cretaceous rocks

Summary and comparison of organic-richness analyses of samples from the COST Wo.
GE-1 well

Gas-chromatographic analyses of mud drilling additives, COST No. GE-1 well-==--me-- :

Gas-chromatographic analyses of unfractionated sediment samples, COST No. GE-1
well
Summary profiles of types of organic matter present in the COST No. GE-1 well-———--
Maturity profiles of organic matter from the COST No. GE-1 well
Summary of light-hydrocarbon analyses from the COST No. GE-1 well
One-dimensional synthetic seismograms derived from the COST No. GE-1 well transit-
time curve
Two-way vertical travel time as a function of depth in the COST No. GE-1 well-—---
Interval velocity, average velocity, and root-mean-square velocity as a function
of vertical two-way travel time, COST No. GE-1 well-
Line drawing interpretation and depth section of USGS seismic profile TD5 across
Southeast Georgia Embayment
Photographs:
Section of seismic profile through COST No. GE-1 well drillsite to upper
Florida-Hatteras Slop
Section of seismic profile across lower Florida-Hatteras Slope and inner Blake
Plateau
Section of seismic profile showing outer Blake Plateau and inner Blake Spur—-----
Section of seismic profile showing outer Blake Spur and western Blake Basin-—----

TABLES

Comparison of biostratigraphic analyses from the COST No. GE-1 well
Porosity and permeability values from conventional cores of the COST No. GE-1 well-
Porosity and permeability values from sidewall cores of the COST No. GE-1 well-——--
Petrography of carbonate rocks from the COST No. GE-1 well-
Petrography of clastic terrigenous, metasedimentary, metamorphic, and metamorphosed

volcanic rocks from the COST No. GE-1 well-
Calcareous nannofossil biostratigraphy of the COST No. GE-1 well
Rb-Sr whole-rock analyses from the COST No. GE-1 well
Circum-Atlantic offshore geothermal gradients -
Lithologic descriptions of samples used for organic geochemical analyses——--~=———=-=--
Organic-carbon and thermal-evolution analyses for the COST No. GE-1 well-——-——-----
Organic carbon and extractable organic matter, COST No. GE-1 well:
Velocity data from the COST No. GE-1 well -

60
61
73
79
80
82

84
85

86
88

90

94
96

96

98

100

101
103
104



Geological Studies of the COST No. GE-1 Well,
United States South-Atlantic Outer Continental
Shelf area

By Peter A. Scholle, Editor

ABSTRACT

The COST No. GE-1 well is the first deep
stratigraphic test to be drilled in the southern
part of the U.S. Atlantic Outer Continental
Shelf (AOCS) area. The well was drilled within
the Southeast Georgia Embayment to a total depth
of 13,254 ft (4,040 m). It penetrated a section
composed largely of chalky limestones to a depth
of about 3,300 ft (1,000 m) below the drill
platform. Limestones and calcareous shales with
some dolomite predominate between 3,300 and
7,200 ft (1,000 and 2,200 m), whereas
interbedded sandstones and shales are dominant
from 7,200 to 11,000 ft (2,200 to 3,350 m).
From 11,000 ft (3,350 m) to the bottom, the
section consists of highly indurated to weakly
metamorphosed pelitic sedimentary rocks and
meta-igneous flows or intrusives. Biostrati-
graphic examination has shown that the section
down to approximately 3,500 ft (1,060 m) is
Tertiary, the interval from 3,500 to 5,900 ft
(1,060 to 1,800 m) is Upper Cretaceous, and the
section from 5,900 to 11,000 ft (1,800 to 3,350
m) 1is apparently Lower Cretaceous. The
indurated to weakly metamorphosed section below
11,000 ft (3,350 m) is barren of fauna or flora
but is presumed to be Paleozoic based on
radiometric age determinations. Rocks deposited
at upper-slope water depths were encountered in
the Upper Cretaceous, Oligocene, and Miocene
parts of the section. All other units were
deposited in outer-shelf to terrestrial environ-
ments.

Examination of cores, well cuttings, and
electric logs shows that potential hydrocarbon-
reservoir units are present within the chalks in
the uppermost part of the section as well as in
sandstone beds to a depth of at least 10,000 ft
(3,000 m). Sandstones below that depth, and the
metamorphic section between 11,000 and 13,250 ft
(3,350 and 4,040 m), have extremely low
permeabilities and are wunlikely to contain
potential reservoir rock.

Studies of organic geochemistry, vitrinite
reflectance, and color alteration of visible
organic matter indicate that the chalk section
down to approximately 3,600 ft (1,100 m)
contains low concentrations of indigenous

hydrocarbons, is thermally immature, and has a
very poor source-rock potential. The interval
from 3,600 to 5,900 ft (1,100 to 1,800 m) has a
high content of marine organic matter but
appears to be thermally immature. Where buried
more deeply, this interval may have significant
potential as an oil source. The section from
5,900 to 8,850 ft (1,800 to 2,700 m) has
geochemical characteristics indicative of a poor
0il source rock and 1is thermally immature.
Rocks below this depth, although they may be
marginally to fully mature, are virtually barren
of organic matter and thus have little or no
source-rock potential. Therefore, despite the
thermal immaturity of the overall section, the
upper half of the sedimentary section penetrated
in the well shows the greatest petroleum source
potential.

INTRODUCTION

Until the completion of the COST No. GE-1
well, all information on the stratigraphic
framework of the Southeast Georgia Embayment had
come from onshore wells, offshore bottom
sampling or shallow coring, geophysical surveys,
or extrapolation from the COST No. B-2 well
(Scholle, 1977b) located more than 750 mi (1,200
km) north of the GE-1 drill site. Between
February 22 and May 31, 1977, however, the first
deep stratigraphic test was drilled in the
southern portion of the U.S. Atlantic Outer
Continental Shelf (AOCS) by the Ocean Production
Company acting as operator for a group of 25
original participating companies, the Conti-
nental Offshore Stratigraphic Test (COST)
Group. This hole, designated the COST No. GE-1
well, was drilled on the outer part of the
Continental Shelf about 74 mi (119 km) east of
Jacksonville, Fla., at lat 30° 37° 07.6892" N.
long 80° 177 59.1451" W. (fig. 1). The well was
drilled using the ODECO jack-up drill barge, the
"Ocean Star.”" Water depth at the site is 136 ft
(41.5 m), and drilling continued to a depth of
13,254 ft (4,040 m) below the Kelly Bushing (KB)
or to 13,175 ft (4,016 m) below sea level. The
well 1is 1located off-structure but directly
adjacent to the area offered for leasing on
March 28, 1978, as part of Lease Sale No. 43
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Figure l.--Locality map showing site of COST No. GE-1 well in relation to the Southeast
Georgia Embayment, Lease Sale No. 43 blocks, and coastal cities.

(fig. 1). The granting of Federal leases within
50 mi (80 km) of the GE-1 drill site on May 1,
1978, has made possible the publication of
detailed information about the geological
findings from the COST No. GE-l well. Leasing
stipulations provide for public disclosure by
the U.S. Geological Survey (USGS) of all
geological information of the well 60 days after
such leasing.

Considerable basic 1lithologic,
graphic, and geochemical data, most
derived from industry reports, have been
released previously (Amato and Bebout, 1978).
This Circular summarizes some of that data and
adds information from other studies conducted by
the USGS. It is by no means an exhaustive or
completed program, but because the COST No. GE-1
well has such immediate interest for both the
petroleum industry and academic workers, we
believe that publication of such preliminary
results is justified.

The publication is divided into separately
authored sections on geological, geochemical,

strati-
of 1t

and geophysical topics. Environmental or
operational details are not included as these
have been amply described by Amato and Bebout
(1978). A brief synthesis of all available data
is presented in this paper in the section "Data
Summary and Petroleum Potential."” Much of the
basic data will also be available in chart form
(Scholle and others, in press).

All work reported in this paper has been
done using rotary-drill cuttings rather than
conventional or sidewall cores. Electric logs
and core descriptions were available, however,
to aid in checking the accuracy of sample~depth
assignments. The cuttings, in conjunction with
electric logs, thus provided a useful picture of
the complete spectrum of lithologic variation
within a given interval and were commonly more
useful than the spot samples provided by
sidewall coring. All depth references in this
report for electric-log, core, or cuttings data
are based on depth below the KB, which is 98 ft
(30 m) above mean sea level and 234 ft (71 m)
above the sediment-water interface.
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GEOLOGIC SETTING

William P. Dillon, Kim D. Klitgord,

and Charles K.

The COST No. GE-1 drill site is located on
the Outer Continental Shelf, east of
Jacksonville, Fla. (fig. 2). The Continental
Margin off the Southeastern United States does
not consist of a simple shelf, slope, and rise
as it does farther north. Instead, the abyssal
depths are separated from the shelf by a wide
intermediate surface, the Blake Plateau (fig.
2). The gently sloping transitional surface
between shelf and plateau is called the Florida-
Hatteras Slope. Seaward of the Blake Plateau,
south of lat 30 N., the ocean floor drops
abruptly to form the Blake Escarpment, whereas,
to the north, the transition to abyssal depths
is less abrupt.

The main zones of basement subsidence (fig.
2) are the Blake Plateau Basin, Carolina Trough,
and Southeast Georgia Embayment. The Blake
Plateau Basin and Carolina Trough (fig. 2) are
regions of major subsidence, amounting to more
than 40,000 ft (12 km), and are believed to be
floored by transitional basement (Klitgord and
Behrendt, 1979). Transitional basement, as
defined here, indicates a modified oceanic
basement, formed of mantle-derived intrusive and
extrusive mafic rocks mixed with considerable
quantities of sediments and fragments of
continental basement. We estimate that the COST
No. GE-1 well was drilled on continental
basement, but close to the western boundary of
transitional basement underlying the Blake
Plateau Basin.

The COST No. GE~1 well was drilled above a
basement high at the seaward margin of the
Southeast Georgia Embayment, a gently subsided,
eastward-plunging depression recessed into the
continent between two platform areas, the
Carolina Platform on the north (Klitgord and
Behrendt, 1979) and the Florida Platform on the
south (Eardley, 1951); the embayment is probably
floored by continental basement. The Paleozoic
and Precambrian basement of the platforms
exposed in the Piedmont is formed of igneous and
metamorphic rocks (Overstreet and Bell, 1965),
whereas pre~Cretaceous '"basement" beneath the
Coastal Plain of Georgia and northern Florida is
sandstone and shale of Ordovician to Devonian

Paull

age (Applin, 1951; Rainwater, 1971). However,
much of the onshore part of the Southeast
Georgia Embayment apparently is underlain by
undeformed tuf faceous clastic deposits

intermixed with basaltic and rhyolitic flows
(Milton and Hurst, 1965; Milton, 1972; Barnett,
1975; Popenoe and Zietz, 1977; Gohn and others,
1978; T. M. Chowns, West Georgia College,
written commun., 1976). Some of these volcanic
rocks are associated with continental terrige-
nous deposits, presumably of Triassic age, which
may have been deposited in grabens or half
grabens produced during the early rifting stage
of the opening of the Atlantic Ocean.

Rocks of Jurassic age do not crop out in
the Southeastern United States. Upper Jurassic
or Lower Cretaceous deposits may have been
encountered at depth below Cape Hatteras (ESSO-
Hatteras Light 1 well) and consist of finely
crystalline, partly oolitic limestone and gray
shale beds that grade downward into conglomerate
and sandstone of possible continental origin
(Spangler, 1950; Maher, 1971; Brown and others,
1972) . The Lower Cretaceous-Jurassic section
drilled in Florida and the Bahamas consists of
shallow-marine, organic~rich carbonate rocks
and, in the Bahamas (for example, in the Chevron
Great TIsaac 1 well), has increasing amounts of
evaporite deposits at depth (Tator and Hatfield,
1975; Jacobs, 1977). An onlapping wedge of
sedimentary rocks, inferred from regional
stratigraphy and geophysical studies to be of
Jurassic age, thickens rapidly seaward and in
the Blake Plateau Basin and Carolina Trough, its
thicknesses reaches 20,000-23,000 ft (7-8 km).
These inferred Jurassic deposits, however,
probably do not extend landward into the
Southeast Georgia Embayment nor even to the COST
No. GE-1 drill site (Dillon and others, 1979).

The Cretaceous and Cenozoic sedimentary
rocks of the southeastern U.S. Continental
Margin occur in a transitional zone between a
predominantly clastic depositional province
north of Cape Hatteras and a carbonate province
to the south that includes Florida and the
Bahamas. More than 400 wells have been drilled
in Georgia and Florida, some of which reached
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basement rocks. The stratigraphy and structure,
therefore, are fairly well known for the onshore
area (regional stratigraphy and structure are
discussed by Valentine, this volume). On the
other hand, only a few wells have been drilled
offshore (Bunce and others, 1965; Hathaway and
others, 1976; Benson and others, 1976) .
Cretaceous rocks were penetrated in one of these
wells located on the Florida-Hatteras Slope off
Charleston (USGS 6004, Hathaway and others,
1976) and in two of the wells located on the
Blake Spur (DSDP 390 and 392, Benson and others,
1976). Rocks inferred to be of Cretaceous and
Paleocene age underlie the Continental Margin
and Coastal Plain in a broad blanket thickening
to over 13,000 ft (4 km) in the Blake Plateau
Basin and Carolina Trough (Dillon and others,

1979). Because these sediments are inferred to
be of shallow-marine origin, the Cretaceous-
Paleocene shelf apparently was very wide,

extending from the present Coastal Plain to the
Blake Escarpment. The COST No. GE-1 well was

drilled off the Suwannee Saddle, a depression in
the Cretaceous top, where Maestrichtian deposits
are thinned or absent (Toulmin, 1955; Chen,
1965; Applin and Applin, 1967).

Post~Paleocene deposition was concentrated
on the present Continental Shelf, probably
restricted on the seaward side by the
development of Gulf Stream flow across the inner
Blake Plateau. The Gulf Stream not only limited
shelf development and caused complicated cut-
and-fill deposition against its western flank at
the Florida-Hatteras Slope, but also scoured and
eroded the sea floor of the inner Blake
Plateau. Seaward of the Gulf Stream, a slightly
thickened pod of Cenozoic deposits is present.
The COST No. GE-1 well was drilled at the center
of a lens of Eocene deposits which fill the
seaward extension of the Southeast Georgia
Embayment and account for most of the upbuilding
and outbuilding of the shelf off the Georgia
Coast (Paull and others, 1978; Paull, 1978).



REGIONAL STRATIGRAPHY AND STRUCTURE OF THE
SOUTHEAST GEORGIA EMBAYMENT

Page C. Valentine

The stratigraphy and structure of the
Southeast Georgia Embayment are relatively well
known beneath the Coastal Plain from studies of
the many wells drilled in Georgia and northern
Florida during the last 40 years. Strata in the
basin, however, dip and thicken seaward, and the
basin’s offshore extent is not well
delineated. Until 1977, offshore drilling in
the embayment had been limited to eight sites
(maximum penetration of 1,000 ft (305 m)) on the
Continental Shelf and inner Blake Plateau; and,
until recently, deep-penetration seismic-
reflection profiling in this region also had not
been extensive. The COST No. GE-1 well
penetrated Paleozoic basement beneath the shelf
in a deep part of the Southeast Georgia
Embayment, and study of this section now allows
the offshore stratigraphy of the basin to be
outlined. Four stratigraphic sections have been
constructed across the basin to illustrate its
shape, to identify the distribution of carbonate
and clastic lithofacies, and to interpret the
geologic development of the region (fig. 3).

The axis of subsidence of the Southeast
Georgia Embayment dips seaward beneath the
Georgia Coastal Plain and adjacent Continental
Shelf. At the GE-1 site, on the outer part of
the Continental Shelf, approximately 11,000 ft
(3,350 m) of Cretaceous and Cenozoic sedimentary
strata have accumulated on Paleozoic basement.
The basin opens seaward beneath the Blake
Plateau into a larger and deeper trough, the
Blake Plateau Basin, a north-south-trending
feature that contains at least 40,000 ft (12 km)
of post-Paleozoic strata (Dillon, Paul, Dahl,
and Patterson, this volume). The landward
margins of the embayment are bounded by
structural highs: the Cape Fear Arch on the
northeast, the Georgia and Carolina Piedmont
province on the northwest, and the Peninsular
Arch on the southwest. The Cape Fear Arch
extends far to seaward and is expressed in the
basement and overlying rocks beyond the shelf
edge (fig. 3; Popenoe and Zietz, 1977, fig.
2). Between the Peninsular Arch and the
Piedmont, a minor low, the Suwanee Saddle,
separates the more deeply subsided Southeast
Georgia Embayment from the Southwest Georgia
Embayment, a structurally similar depression

that dips seaward beneath the Florida panhandle
and the Gulf of Mexico (Applin and Applin, 1967,
pls. 2, 4, and 6). The Upper Cretaceous and
Cenozoic strata that fill the Southeast Georgia
Embayment are exposed southeast of the Fall Line
along the northwestern margin of the Georgia and
South Carolina Coastal Plain. The outcrop
pattern of the Upper Cretaceous is illustrated
in figure 3.

The stratigraphic and lithofacies
relationships depicted in the cross sections
(figs. 4-6) draw heavily on the following
investigations, outlined below by area. In some
cases, a drill hole treated in more than one
study may not Dbear the same numerical
designation in each report, and a cross-check of

the driller and landowner is necessary to
identify the well. In this study, the
designations of Florida wells are those of

Applin and Applin (1967); other sources of
information on these wells include Applin and
Applin (1965), Goodell and Yon (1960), Puri and
Vernon (1964), Chen (1965), and Maher (1971).

Georgia wells bear Georgia Geological
Survey (GGS) numbers, and interpretations are
based on reports by Herrick (1961), Herrick and
Vorhis (1963), Chen (1965), Applin and Applin
(1967), Marsalis (1970; with paleontology by S.
M Herrick and E. R. Applin), Maher (1971, with
paleontology by E. R. Applin), Cramer (1974),
Vorhis (1974), and USGS unpublished information,
1978 (for GGS 1197).

South Carolina well sections are from Zupan
and Abbott (1976) and, in the case of the
Plantersville well, W. H. Abbott (South Carolina
Division of Geology, oral commun., 1977). The
Upper Cretaceous stratigraphy of the Fripp
Island well (fig. 5) 1is based on unpublished
studies of calcareous nannofossils by the
author. Well designations are as follows:
Savannah (S), Hilton Head Island (HH), Fripp
Island (FI), Kiawah Island (K1), Plantersville
(PV), and Myrtle Beach (MB). In North Carolina,
the Calabash (C) well section, located south of
Cape Fear, is from Zupan and Abbott (1976), and
well NC-NH-OT-15, located north of Cape Fear, is
from Brown and others (1972).

Of fshore, subsurface stratigraphic infor-
mation is comparatively meager and is based
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primarily on core holes at JOIDES sites Jl, J2,
and J5 (Bunce and others, 1965; Charm and
others, 1969; Schlee, 1977) and core holes at
sites 6002, 6004, and 6005 drilled by the USGS
(Hathaway and others, 1976). The locations of
these drill holes are shown in figure 3.

Depth to basement, where not known from
drilling, has been determined from a structure-
contour map of the basement surface compiled by
Popenoe and Zietz (1977) and also from
interpretations of offshore seismic reflection
profiles (Dillon and Paull, 1978) that intersect
stratigraphic section XX’ (figs. 3, 4). The
composition of basement rocks varies widely
throughout this region and includes felsic and
mafic igneous rocks, metamorphic and
metasedimentary rocks, and in some cases clastic
sedimentary strata of Triassic(?) age (Popenoe
and Zietz, 1977, their table 1, and references
therein).

SECTION XX’: This section (figs. 3, 4) is drawn

from Cape Fear south-westward across the
Continental Shelf through the COST No. GE-1 well
to eastern Florida. It depicts the

configuration of the southern flank of the Cape
Fear Arch and the Southeast Georgia Embayment
beneath the shelf edge off Georgia. The eastern
flank of the Peninsular Arch appears at well
F170 on the Florida coast. Pre-Cretaceous
basement dips steeply into the basin from the
northeast and southwest and lies approximately
10,800 ft (3,300 m) below sea level at GE-l.
The shape of the basement surface must be
regarded as schematic, as it is based on the
drilling records of three wells and on
interpretations of three seismic reflection
profiles (FC7, BT4, and FC8) that cross the
section (Dillon and Paull, 1978); one point is
derived from the basement map of Popenoe and
Zietz (1977). The pre-Cretaceous basement in
the vicinity of GE-1 appears in seismic records
to be an irregular, block-faulted surface
containing local sedimentary basins of probable
Jurassic and Triassic age (Dillon, Paull, Dahl,
and Patterson, this volume). The COST No. GE-1
well was drilled on an isolated magnetic high
(fig. 4) that correlates with a faulted basement
block. Seismic~reflection evidence indicates
that, in fact, acoustic basement drops down
between GE-1 and the coast. The magnetic
profile in figure 4 is from a recently published
aeromagnetic study of the Atlantic Continental
Margin by Klitgord and Behrendt (1977). The
prominent magnetic low northeast of the GE-1
site is part of a linear magnetic high and low
pair (Brunswick Anomaly) that trends
southwestward from the East Coast Magnetic
Anomaly and intersects the coast near Brunswick,
Ga. The Brunswick Anomaly is believed to
originate in a susceptibility contrast within
the pre-Cretaceous basement rocks of the
Southeast Georgia Embayment and to reflect a
probable intrusive complex onshore and a
Mesozoic structural edge offshore (Taylor and
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others, 1968; Pickering and others, P.

Popenoe, written commun., 1978).

1977;

Lower Cretaceous rocks are well represented
beneath Florida and the outer part of the
Continental Shelf, but they thin toward the Cape
Fear Arch and may be absent altogether at the
crest. Approximately 184 ft (56 m) of Lower to
Upper Cretaceous rocks, chiefly marine clastics,
have been reported to overlie basement at well
NC~-NH-Q0T-15 (Brown and others, 1972; unit F,
Washita and Fredericksburg age equivalents).
The stratigraphic wunits of Brown and others
(1972) that represent strata at or just above
the Lower-Upper Cretaceous boundary, however,
are not yet firmly dated and are presently under
study (J. E. Hazel, USGS, written commun.,
1976). There is some evidence that the Lower
Cretaceous may be absent beneath the South
Carolina Coastal Plain (Gohn and others, 1978)
and, herein, the lowermost beds in NC-NH-0T-15
are questionably assigned to the Upper
Cretaceous. In the south, beneath Florida, the
Lower Cretaceous rocks of the Comanchean Series
(Trinity, Fredericksburg, and Washita age) in
well F170 represent a transgressive sequence
culminating in a shallow-marine carbonate
interval. A lithologically similar sequence of
equivalent age occurs in the GE-1 well.

An almost complete sequence of Upper
Cretaceous strata is present in the Southeast
Georgia Embayment and Peninsular Arch region.
In the COST No. GE-1 well, Turonian through
Maestrichtian units are represented; the
Cenomanian, however, is not well developed; and
a poorly dated, thin, shallow-marine interval
below the Turonian may mark an unconformity
between the Cenomanian (or underlying Albian)
and the Turonian.

On the Cape Fear Arch, the Upper Cretaceous
is thinner than it is in the basin, and there
are probably some hiatuses in the rock record
there. A major unconformity is thought to exist
in coastal South Carolina where the oldest Late
Cretaceous beds, dated as Cenomanian, underlie
strata of Santonian age; rocks of Turonian and
Coniacian Age have not been recognized in this
region (Hazel and others, 1977; Gohn and others,
1978). However, a recent unpublished study by
this author of the Late Cretaceous calcareous
nannofossils in the Fripp Island, S.C. well
indicates that the "Cenomanian" beds in this
region are at least in part Turonian (fig. 5).
Offshore at GE-1, Turonian beds are well
represented in the section, and the Cenomanian
may be absent. The "Cenomanian" strata beneath
the South Carolina Coastal Plain have been dated
chiefly on the occurrences of spores and pollen,
whereas the ages of the offshore units are based
on marine calcareous nannofossils and planktic
foraminifers. Inconsistencies in stratigraphic
interpretation will persist until the zonation
schemes of marine fossils and palynomorphs can
be more precisely correlated. The configuration
of the Upper Cretaceous surface in figure 4 is
based on four wells and on an unpublished



structure-contour map, of which
illustrated in figure 3.

The entire Upper Cretaceous sequence in the
Southeast Georgia Embayment and beneath Tlorida
is composed of marine carbonate strata,
excepting a short interval of marine clastics in

the upper part of the Atkinson Formation in well

part is

F170. Strata on the Peninsular Arch are
shallow-water, carbonate-platform deposits
characteristically composed of limestone and
chalk associated with evaporites. In the
Southeast Georgia Embayment, at GE-1,
argillaceous chalks that have a deeper-water
aspect 1indicative of modern outer-shelf and

upper-~slope environments persist throughout the
Upper Cretaceous section. Dark-gray carbonate
silts of Maestrichtian and Campanian Age,
representing a similar environment, have been
cored at site 6004 (fig. 3) on the south flank
of the Cape Fear Arch. 1In coantrast, the section
on the Cape Fear Arch at NC-NH~OT-15 is a marine
clastic sequence containing several thin
limestone beds. The location of the transition
from carbonate to clastic sedimentary facies has
not yet been determined and 1is therefore
illustrated schematically in figure 4.

Cenozoic sedimentary strata vary greatly in
thickness from Florida to the Cape Fear Arch
along line XX (fig. 4). A fairly constant
thickness is maintained from the Peninsular Arch
into the Southeast Georgia Embayment, but unlike
beds of the Upper Cretaceous, which remain
relatively thick over the Cape Fear Arch,
Cenozoic beds become very thin and hiatuses and
overlaps are present in the section. The
distribution of Tertiary units in the offshore
region 1is not well known 1in detail, and
unpublished structure-contour maps have been
used to construct the interpretation presented
in figure 4. Cenozoic strata along XX’ are
carbonates, except for some Paleocene marine
clastic beds cored near the coast at site 6005
on the south flank of the Cape Fear Arch, and
post-Miocene carbonate and quartzose sands that
are present throughout the region. The strata
beneath Florida are shallow-water limestones and
dolomites, whereas shelf limestones dominate the
Cenozoic interval at GE-1 beneath the Conti-
nental Shelf and also at NC-NH-OT-15 on the Cape
Fear Arch. Eocene limestones are by far the
thickest and most widespread of the Cenozoic
units. The presence of middle Eocene limestones
on the Cape Fear Arch, a region of predominantly
mmarine clastic deposition, indicates the un~-
usually broad influence of the climatic regime
that promoted deposition on the Atlantic margin
of marine carbonates containing fossil
assemblages of Gulf Coast affinity at least as
far north as Georges Bank (site 6019 of Hathaway
and others, 1976).

Section XX° depicts, then, a fractured and
faulted pre-Cretaceous basement at GE-1 overlain

by a thick Lower Cretaceous transgressive
sequence of nonmarine to marine clastics
succeeded by shallow-marine carbonate rocks.
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Older sedimentary rtocks undoubtedly occur in
local basins on the faulted basement surface.
To the northeast of GE~1, on the southern flank
of the Cape Fear Arch, the acoustic basement
surface is smooth and probably represents a
volcanic layer of Jurassic age which overlies a
deeper faulted surface (Dillon and Paull, 1978;

seismic reflection profiles FC8, BT4, and
FC7). The Upper Cretaceous and Cenozoic
sequence beneath Florida 1is essentially a
carbonate bank, whereas the geologic section
across the Southeast Georgia Embayment
represents the distal portion of a thick

carbonate-shelf wedge that thins both to the
north against the Cape Fear Arch and seaward
beneath the Florida-Hatteras Slope and the Blake
Plateau.

SECTION ¥X': Cross section YX“, which
extends from Cape Fear southwestward along the
coasts of South Carolina and Georgia and into
northern Florida, is shown in figure 5 (location
of section is shown in fig. 3). The overall
configuration of rocks of Late Cretaceous and

younger age closely resembles that observed
of fshore in section XX (fig. 4). Pre-
Cretaceous basement beneath Florida and

southeastern Georgia in section YX° was drawn
using information from drill holes; but the six
depth points from the Savannah well north along
the coast and including the Myrtle Reach well
are from the basement map of Popenoe and Zietz
(1977, fig. 2). The magnetic profile in figure
5 (Klitgord and Behrendt, 1977) shows that the
Brunswick Anomaly, mentioned above, coincides
with the deepest part of the Southeast Georgia
Embayment.

A major
section and section XX’
and depth of the pre-Cretaceous basement
surface. Onshore, beneath the coast, the shape
of the basement surface is closely reflected in
the Cretaceous surface, and basement is also
much shallower than it is beneath the outer part
of the Continental Shelf. The basement plunges
seaward from a depth of about 4,700 ft (1,430 m)
below sea level in well 719 in coastal Georgia
(fig. 5) to approximately 10,800 ft (3,300 m) at
the GE-1 site (fig. 4). 1In the deepest part of
the basin onshore, the base of the Atkinson
Formation (in this region, the lowest recognized
stratigraphic unit of the Upper Cretaceous) is
less than 330 ft (100 m) above basement (fig.
5), whereas, at GE-1, more than 4,600 ft (1,400
m) of Lower Cretaceous beds are present above
basement.

The wunit that underlies the Atkinson
Formation (fig. 5) is relatively thin (less than
330 ft (100 m) thick) throughout eastern and
southern Georgia (Herrick and Vorhis, 1963, fig.
19; Cramer, 1974, fig. 3) and 1is composed of
nonmarine, varicolored, clastic sedimentary
rocks. Herrick and Vorhis (1963) referred to
this unit as questionable Lower Cretaceous,
chiefly on the basis of 1its stratigraphic
equivalence with marine strata to the south in

difference between this cross
is the change in shape
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Florida; Applin and Applin (1967) placed it in
the Comanchean Series. The exact age of the
unit is unknown at present and it is designated
Lower Cretaceous(?) in figure 5.

The Upper Cretaceous Series maintains a
relatively uniform thickness along section YX’
(fig. 5). In contrast to the Upper Cretaceous
marine carbonate sequence offshore, the marine
clastic facies is well represented along the
coast, especially in the deeper part of the
Southeast Georgia Embayment and on the Cape Fear
Arch. During Atkinson and early Austin time,
the entire region was a marine <clastic
province. Subsequently, shallow-marine
carbonate evaporite beds were deposited
offshore and in Florida and transgressed
westward and northward into southeastern
Georgia. The carbonate facies persisted here
throughout the Late Cretaceous, but only the
youngest unit, the Lawson Limestone of
Maestrichtian Age, is present farther to the
north where it grades into marine clastics
between wells 1197 and 363 (fig. 5).

The Cenozoic sequence onshore in section

and

YX” has a configuration similar to that of
equivalent strata offshore. A thick sequence of
Paleocene through Oligocene beds occurs in

northern Florida and southeastern Georgia but
thins markedly to the north over the Cape Fear
Arch. The Southeast Georgia FEmbayment is
narrower here than offshore, and the Cretaceous-—
Tertiary boundary is only about 410 ft (125 m)
higher beneath the coast than it is at GE-1,
indicating that the floor of the embayment at
this level 1is comparatively flat beneath the
Continental Shelf. The marine clastic facies is
limited to a thin interval of Paleocene age on
the south flank of the Cape Fear Arch and to
post-Oligocene strata that fill the uppermost
part of the basin in eastern Georgia. Most of
the Cenozoic strata are carbonates that include
shallow-marine limestones, dolomites, and winor
amounts of evaporites in Florida, and chiefly
limestones of shelf origin in Georgia and South
Carolina. ©Focene strata are again the thickest
and most widespread of the Tertiary wunits.
Section YX” (fig. 5) clearly illustrates the
northward transgression of the marine carbonate
province during the Late Cretaceous and
Tertiary, as well as the pronounced buildup of
the carbonate facies in Florida and southeastern
Georgia.

SECTIONS YY’ and ZZ°: Two sections, YY’ and
Z2Z°, that extend from the 1interior of the
Georgia Coastal Plain southward into northern
Florida are presented in figure 6 (section
locations shown in fig. 3). These sections
exhibit stratigraphic and structural
relationships that are in many respects similar
to those observed along the coast in section YX’

(fig. 5), although significant differences do
exist. The basement surface in the axis of the
Southeast Georgia Embayment rises from

approximately 4,700 ft (1,430 m) at the coast to
about 3,950 ft (1,200 m) in south-central
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Georgia (fig. ©6B). Section ZZ° is located
somewhat east of the Suwannee Saddle, where the
basement becomes even shallower, about 3,600 ft
(1,100 m) below sea level, before it dips into
the Southwest Georgia Embayment. The Suwannee
Saddle, a shallow depression terminating the
Peninsular Arch on the northwest, separates the
Southeast Georgia Embayment and the Southwest
Georgia Embayment. The saddle can be observed
in structure-contour maps at all levels from the
Pre-Cretaceous basement surface (Popenoe and
zZietz, 1977) through the Eocene and perhaps the
Oligocene (Herrick and Vorhis, 1963; Chen, 1965;
Applin and Applin, 1967). As the Southeast
Georgia Embayment narrows to the west, the
basement surface beneath the northern margin
dips more steeply southward (figs. 5, 6).

The pattern of facies change observed in
section YX° (fig. 5) is repeated in the two
profiles in figure 6. Marginal and nonmarine
clastics are overlain by marine clastics that
are in turn succeeded by a thick sequence of
marine carbonates. It is evident that, in the
western part of the basin (section 227, fig.
6B), the marginal and nonmarine Lower
Cretaceous(?) rocks are significantly thicker
than in the east and that the thickest
accumulation of Cretaceous deposits is located
somewhat north of the greatest thickness of
Tertiary strata. Marine clastics of the
Atkinson Formation grade into the marginal and
nommarine clastic beds of the Tuscaloosa
Formation updip along the northern margin of the
basin. Navarro-age strata are present
throughout the Southeast Georgia Embayment, but,
according to Applin and Applin (1967, pl. 64),
they are absent both from the Suwannee Saddle
area and also from a broad region in the
Southwest Georgia Embayment. In section ZZ7,
near the Suwannee Saddle, the Upper Cretaceous
is markedly thinner in wells 150, 481, 144, and
496 than to the north, and beds of Navarro age
are absent at well 144. Much of the thinning
occurs in Navarro-age strata that lie near the
transition between the marine carbonate facies
in the south and the marine clastics in the
north.

Synthesis of stratigraphy and structure

Beneath the Coastal Plain of WNorth and
South Carolina and central Georgia, the acoustic
basement dips southeastward and strikes parallel
to the Fall Line, a regional trend that is
interrupted in northern Florida and in the
coastal and offshore areas of the southeastern
Continental Margin (Popenoe and Zietz, 1977,
fig. 2) . The basement 1is depressed in
southeastern Georgia and beneath the Continental

Shelf, forming a basin~-the Southeast Georgia
Embayment--that opens seaward into an even
deeper basin beneath the Blake Plateau. The

Southeast Georgia FEmbayment is shallow beneath
the Georgia Coastal Plain (4,600-4,900 ft
(1,400-1,500 m) below sea level; fig. 5), but



deepens rapidly seaward to about 10,800 ft blocks beneath the shelf; farther offshore,
(3,300 m) beneath the outer part of the basement lies at a depth of at least 40,000 ft

Con

tinental Shelf at the COST No. GE-1 well (12 km) beneath the Blake Plateau Basin (Dillon,

(fig. 4). The basin is probably considerably Paull, DNahl, and Patterson, this volume). The
deeper locally in areas of down-faulted basement wide range of pre-Cretaceous rock types
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represented in the basement beneath the
Southeast Georgia Embayment suggests that this
surface has a complex developmental history
(Barnett, 1975; ©Popenoe and Zietz, 1977).
Cretaceous and younger strata have been
deposited on this eroded and, in part, block-
faulted surface that has subsided between two
relatively stable features, the Cape Fear Arch
on the northeast and the Peninsular Arch on the
southwest.

The basal sedimentary units beneath the
eastern Georgia Coastal Plain have not yet been
dated and are designated as Lower Cretaceous(?)
in figures 5 and 6. Lower Cretaceous(?) strata
are poorly represented in the Southeast Georgia
Embayment beneath the Coastal Plain; they are
apparently absent in northeastern Georgia, are
at most 330 ft (100 m) thick in eastern Georgia,
and are thickest (660 ft. (200 m or less)) in the
western shallowest part of the basin (fig. 63
Herrick and Vorhis, 1963; Cramer, 1974). These
beds are nonmarine, varicolored clastics that
have been assigned an Early Cretaceous(?) age on
the basis of correlations with dated rocks in
northern Florida that are inferred to be
stratigraphic equivalents (Herrick and Vorhis,
1963, p. 51). In South Carolina, near
Charleston, a deep core hole was recently
drilled by the U.S. Geological Survey (Hazel and
others, 1977; Gohn and others, 1977); and the
oldest sedimentary strata were found to be
Cenomanian in age. However, they overlie a
short interval (33 ft (10 m)) of unfossiliferous
strata that rest on weathered and geochemically
altered basalt (radiometric age of basalt
approximately 95~105t 4 m.y., a minimum age).
Gohn, Gottfried and others (1978) reported that
subsequent nearby core holes penetrated the
basalt (843 ft (257 m) thick; radiometric ages,
Late Triassic and Early Jurassic) and drilled
into underlying clastic red beds of unknown age
that resemble Triassic (or Jurassic) rocks
exposed in the Piedmont (Gohn and others,
1978). A recent study of a series of coastal
wells in South Carolina (Gohn and others, 1978)
indicates that Lower Cretaceous beds are
probably absent and that, therefore, a major
regional unconformity exists between the Upper
Cretaceous and underlying pre~Cretaceous
sedimentary rocks or crystalline basement
beneath the South Carolina Coastal Plain. Even
if true Lower Cretaceous is present beneath the
southeastern Coastal Plain, its thinness and
somewhat patchy occurrence represent the effect
of a major erosional episode prior to deposition
of Upper Cretaceous sediments.

Of fshore, as basement dips beneath the
Continental Shelf, the Lower Cretaceous becomes
much thicker. It is about 5,000 ft (1,500 m)

thick at GE~1 and may be even thicker in
adjacent, down~-faulted areas beneath the
shelf. At GE-1, the Lower Cretaceous consists

of nonmarine and marine clastic rocks succeeded
by shallow-water marine carbonate units that are
separated from overlying Upper Cretaceous shelf
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limestones of Turonian age by a short interval
of undated shallow~water strata. There is no
direct information regarding the nature of Lower
Cretaceous rocks seaward beneath the Blake
Plateau, but shallow~water carbonate bank and
reef deposits of Early Cretaceous age are
present at the outer edge of the Blake Plateau,
on the Blake Spur, where they are overlain by
Barremian~Albian pelagic oozes (Benson and
others, 1976; site 390).

In summary, during the Early Cretaceous,
the part of the present Southeast Georgia
Embayment that underlies the modern Continental
Shelf was a depositional area characterized in
part by a smooth volcanic basement of
Jurassic(?) age and also by block~faulted
Paleozoic basement containing numerous basins
filled with marine and nonmarine clastic
sedimentary rocks. Seaward, beneath the present
Blake Plateau, a shallow~water carbonate
platform developed that became a pelagic
province as the Continental Margin subsided
during Barremian-Albian time. At GE-1, this
subsidence 1is marked by the occurrence of
shallow~marine carbonates of Aptian-Albian
Age. Beneath the Coastal Plain, the western
part of the present basin experienced subsidence
on a much smaller scale during the ERarly
Cretaceous. The basement is much shallower than
it is offshore, and only a relatively thin
interval of nonmarine clastic beds of Early
Cretaceous(?) age 1is present. Certainly, no
basin deposits developed beneath the present
southeastern Georgia Coastal Plain, and the
Southeast Georgia Embayment did not exist
onshore; deposition was concentrated in the
subsiding region beneath the modern shelf and
seaward.

A comparison of the Coastal Plain cross
sections (figs. 4~6) reveals that the Upper
Cretaceous becomes thicker seaward and does not
vary radically in thickness along the regional
strike of the Continental Margin in the coastal
regions of northern Florida, Georgia, South
Carolina, and even over the Cape Fear Arch
(section YX’, fig. 5; Applin and Applin, 1967,
pl. 6B; Maher, 1971, pl. 17B; Brown and others,
1972, pl. 49; and Cramer, 1974, fig. 4). The
distributional nature of the Upper Cretaceous is
in marked contrast to that of Cenozoic deposits
which are concentrated in the Southeast Georgia
Embayment. It appears that the Upper Cretaceous
strata were deposited in a sedimentary wedge on
a regionally subsiding continental margin or in
a broad marginal basin. Local subsidence did
occur, however, northwest of the present
Southeast Georgia Embayment 1in west-central
Georgia, and the Upper Cretaceous is thicker
there than it is to the southeast. This
thickening can be observed at the northern end
of section 2Z° (fig. 6B, wells 508 and 472).
South of this area of subsidence, the margin was
apparently stable (or uplifted) over the
northern end of the present Peninsular Archj;
here, on the Suwannee Saddle, and to the west,



Navarro-age strata are absent (fig. 6B), and
their absence is attributed by Applin and Applin
(1967, figs. 3, 4, pl. 5C) to lack of deposition
on an area of regional uplift. Earlier studies
have called upon a slow rate of deposition in a

subsiding area (Hull, 1962; Chen, 1965) or on
post-Cretaceous erosion (Toulmin, 1955) to
explain the thinning and local absence of

Navarro-age strata in this region.

In a broad sense, the Upper Cretaceous
deposits represent a transgressive sequence. In
Florida and Georgia, sections YY’ and ZZ° (fig.

6) illustrate the interfingering of the marine
clastic Atkinson Formation with the marginal and
nonmarine clastic Tuscaloosa Formation that lies
updip to the north and west. Marine clastics
are transgressed from the south and east by
shallow marine carbonate platform deposits of
Austin, Taylor, and Navarro age that extend from
Florida into southern and southeastern Georgia
(figs. 4-6). Offshore, carbonate shelf deposits
are represented throughout the Upper Cretaceous
sequence at GE-1 (fig. 4). Interpretations of
seismic-reflection profiles of the shelf and
Blake Plateau 1imply the presence of shelf
carbonates seaward beneath the Blake Plateau
(Dillon, Paull, Dahl, and Patterson, this
volume) that grade into pelagic oozes (Benson
and others, 1976, site 390) deposited in deeper
water resulting from subsidence of the margin.

The Upper Cretaceous Series, therefore, was
deposited on a broad continental margin and,
during the early part of the Late Cretaceous,
marine shelf clastics were deposited in northern
Florida and in the eastern regions of Georgia
and the Carolinas. A carbonate platform soon
became established in Florida and persisted
throughout the Late Cretaceous. Marine clastics
were transgressed by carbonates in southeastern
Georgia, but they remained dominant elsewhere
beneath the Georgia and South Carolina Coastal
Plain and northeastward over the present Cape
Fear Arch. Carbonate shelf sediments
accumulated beneath the present Continental
Shelf and somewhat seaward beneath the present
Blake Plateau, while pelagic carbonate oozes
collected in deeper water at the seaward edge of
the subsiding margin.

Cenozoic sedimentary rocks in the Southeast
Georgia Embayment are chiefly carbonates (figs.
4-6) . In northern Florida, on the Peninsular
Arch, these strata were deposited in shallow
water and represent the continued buildup of the
carbonate platform that developed in the Late
Cretaceous. To the north, in Georgia and the
Carolinas and also offshore Dbeneath the
Continental Shelf, shelf limestones predominate
and transgress Tertiary clastics updip on the
northern and western margins of the basin.
Miocene and Quaternary clastics, chiefly
calcareous quartz sands and sandy silts, occur
beneath the Georgia and South Carolina Coastal
Plains, but are less significant offshore
beneath the Continental Shelf. Tertiary and
Quaternary calcareous ocozes are present beneath
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the Blake Plateau (Bunce and others, 1965; Charm
and others, 1969, sites J3, J6; Benson and
others, 1976, site 390; Schlee, 1977).

The thickest accumulation of Cenozoic beds
occurs beneath the coast in southeastern Georgia
and offshore beneath the Continental Shelf; the
top of the Cretaceous dips very gently seaward
in this region, and the Cenozoic is 2,950-3,300
ft (900-1,000 m) thick (figs. 4, 5). The
section becomes somewhat thinner westward toward
the Suwannee Saddle (fig. 6). And, to the
south, Paleocene and Eocene strata remain rather
uniform in thickness over the Peninsular Arch,
whereas post-Eocene beds are considerably
thinner and in part eroded away. On the
northeastern margin of the basin, the Cenozoic
strata thin dramatically over the Cape Fear Arch
(fig. 5), and all the Tertiary units are to some
extent absent and overlapped by younger strata;
the stratigraphic relations are not unlike those
observed among Cretaceous and Cenozoic units at
the Fall Line to the west.

The
Platform

part of the Carolina
and Paull, this

Cape Fear Arch,
(Dillon, Kiltgord,
volume), is the dominant positive feature
beneath the southeastern Coastal Plain and
Continental Shelf. Maher (1971), and earlier
Siple (1959) and Bonini and Woollard (1960),
reviewed previous studies of the stratigraphy
and structural origin of the arch. Previous
authors treated the Cape Fear Arch as an
uplifted basement feature associated with
downwarping on the northeast and southwest; and
the complex stratigraphy of the area, involving
erosional hiatuses and the overlapping of
strata, has been interpreted as evidence for the
occurrence of mutiple movements of the basement,
chiefly in the Tertiary.

The present study is an evaluation of the
regional stratigraphy and structure of the
southeastern Continental Margin; and detailed
stratigraphic relationships, especially in the
Cape  Fear Arch area, are not treated.
Nevertheless, it appears that a somewhat
different view of the structural development of
the Southeast Georgia Embayment and the Cape
Fear Arch is justified, one that emphasizes
subsidence in the basin rather than uplift on
its margins.

It is clear from published maps portraying
the basement surface (Bonini and Woollard, 1960,
fig. 4; Maher, 1971, pl. 4; Popenoe and Zietz,
1977, fig. 2) that the basement bulges seaward
at the Cape Fear Arch and is recessed landward
in the Southeast Georgia Embayment. This
configuration is expressed in the overlying
units, including the Upper Cretaceous (fig. 3)
and the Paleocene (P. Valentine, unpublished
structure-contour map). The thickness of the
Upper Cretaceous in the Southeast Georgia
Embayment and over the Cape Fear Arch is more
uniform than that of the overlying Tertiary
(fig. 5). Upper Cretaceous beds thicken
somewhat in the Southeast Georgia Embayment, but
not markedly (fig. 5; Maher, 1971, pl. 17B), an



indication that during the ©Late Cretaceous
neither the embayment beneath the present
Coastal Plain nor the Cape Fear Arch was active
in opposing senses, but that the entire margin
subsided almost uniformly. The Paleocene does
thicken somewhat 1in the basin beneath the
Georgia coast (fig. 5) and may signal the ounset
of localized subsidence in this region.
However, the Paleocene is very thin offshore
(fig. 4), and 1interpretations of seismic
profiles show that it is thin throughout the
offshore region; like the Upper Cretaceous, it
evidently was deposited on a gently dipping
continental margin that preceded the formation
of the present Continental Shelf. As the result

of subsequent subsidence, the deposition of
younger rocks, and compaction, the Upper
Cretaceous and the Paleocene surfaces have

assumed the shape of the underlying basement
surface.

The Eocene, on the other hand, exhibits a
different configuration. This unit is very
thick in the Southeast Georgia Embayment beneath
the Coastal Plain (fig. 5) and even thicker
offshore at GE-1 (fig. 4). Herrick and Vorhis
(1963, p. 55) postulated a middle Eocene age for
the onset of local subsidence in the Southeast
Georgia Embayment, apparently because the middle
Eocene 1is the oldest unit exhibiting local
thickening in the embayment according to their
isopach maps (Herrick and Vorhis, 1963, fig.
9). Evidence from offshore drilling (Bunce and
others, 1965; Schlee, 1977) indicates that the
modern Continental Shelf became established
during the Eocene; and, in fact, the
progradational nature of this unit is visible in
seismic profiles across the shelf (Dillon,
Paull, Dahl, and Patterson, this volume).
Focene and younger rocks, therefore, were laid
down on a continental margin wupon which a
continental shelf was forming, and the deposits
became very thick in an actively subsiding
Southeast Georgia Embayment while remaining thin
on the Cape Fear Arch. The structure contours
on the top of the Eocene over the arch (fig. 3)
do not conform to the shape of the basement
surface; they cut across the structure-contour
trends of the older units (the Upper Cretaceous
in fig. 3) but parallel the general structural
trend of the modern shelf and retain the shape
of the original depositional surface. Oligocene
structure contours and post-0ligocene isopachs
(P. Valentine, unpublished maps) exhibit a
similar configuration.

If the Cape Fear Arch had been uplifted
numerous times during the Tertiary, the
configuration of the Upper Cretaceous and
Cenozoic beds over the arch would have been
affected similarly; structure contours of these
strata on the arch would have been displaced
seaward, and south of the arch their angle of
incidence to the coast would have increased. As
shown in figure 3, Eocene structure contours are
oriented subparallel to the Fall Line, the
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coast, and the shelf edge; they exhibit no
seaward bulge attributable to uplift of the
arch. Subsidence during the Tertiary has
occurred mainly in the Southeast Georgia

Embayment while the Cape Fear Arch has remained
relatively stable, and the shape of the Upper
Cretaceous surface (fig. 3) is the result of
this differential downwarping. When further
subsidence, deposition, and compaction occur in
the area, the structure contours of the Eocene
and younger beds will conform to those of the
underlying older units in that region. The
thinness of Tertiary beds on the arch and the
erosional hiatuses within them are chiefly the
result of repeated oceanic transgressions and
regressions over a basement feature that is
basically stable, although minor isostatic
adjustments undoubtedly occurred due to sediment
loading and continual upward adjustment of the
Appalachian Mountains.

Offshore, the
southeastern Continental
investigated by many workers. Most recently,
Schlee (1977) studied the lithology of six
offshore core holes in this region (Bunce and
others, 1965); he also reviewed the work of
previous authors and elucidated the Cenozoic
geologic development of the Southeast Georgia
Embayment and the Blake Plateau Basin. The
present study supports the previous findings in
most respects. The dip reversal on the Eocene
surface beneath the Georgia coast and inner
shelf, noted by Schlee (1977, fig. 8), is also
evident in the structure-contour map in figure
3; and a similar dip reversal in the same area
is present on the Oligocene surface (P.
Valentine, unpublished map). The structural low
on the Eocene (fig. 3) is overlain by only about
165 ft (50 m) of Oligocene beds. The Oligocene
is very thin beneath the Georgia Coastal Plain
(Herrick and Vorhis, 1963, fig. 4; Cramer, 1974,
fig. 9) and, unlike both older and younger
strata, no depocenter is discernible. This lack
is the result of extensive erosion during an
oceanic regression, probably in the early
Miocene. The Miocene depocenter is located over
the structural low on the Eocene surface (fig.
3; Cramer, 1974, fig. 10). Miocene strata thin
seaward but subsequently thicken beneath the
outer shelf at GE-l.

The occurrence of pelagic carbonate oozes
throughout the Cenozoic section beneath the
Blake Plateau indicates that subsidence of this
region, initiated in the Early Cretaceous at the
present Blake Escarpment, has continued to the

Cenozoic strata of the
Margin have been

present. The Cenozoic development of the
Southeast Georgia Embayment and the Continental
Shelf resulted from the deposition  and

progradation of Eocene and younger sediments.
These sediments were laid down at a much higher
rate here than they were seaward beneath the
Blake Plateau, where, during this time,
submarine currents inhibited deposition of
sediments and even caused extensive erosion of
the thin Cenozoic beds now found there.



DATA SUMMARY AND PETROLEUM POTENTIAL

Peter A.

The COST No. GE-1 well penetrated 13,039 ft
(3,974 m) of Cenozoic to Paleozoic section.
Lithologic, biostratigraphic, and palecenviron-
mental studies, summarized in figure 7 and table
1, indicate that the section to a depth of about
3,300 ft (1,000 m) consists primarily of Eocene
and Oligocene chalks deposited in middle-shelf
to upper-slope environments. The Oligocene and
Miocene portions of the section were deposited
in the deepest waters, probably in upper-
continental-slope conditions. The depth
interval from 3,300 to 4,600 ft (1,000-1,400 m)
consists of Upper Cretaceous, Paleocene, and
lower Eocene calcareous shales and subordinate
limestones. Estimates of depositional environ-
ments for these beds range from middle shelf to
upper slope. From 4,600 to 7,200 ft (1,400-
2,200 m), limestones and dolomites with inter-
bedded sandstones and shales predominate. The
section is Albian to Senonian in age, and
estimates of depositional environments range
from inner to outer shelf. Between 7,200 and
11,000 ft (2,200-3,350 m), interbedded sand-
stones and shales predominate, although in-
dividual beds of limestone, dolomite, anhydrite,
and, in the lower part of the section, coal are
common. These units, deposited in inner-shelf
to terrestrial environments, are largely barren
of fossils. They have been tentatively dated as
Early Cretaceous, however. Below 11,000 ft
(3,350 m) to the bottom of the well, the section

is composed of green and gray-green, very fine
grained, highly indurated to weakly wmetamor-
phosed, pelitic sedimentary rocks, with in-

trusive and (or) extrusive meta-igneous rocks
especially abundant in the lower part of this
interval. Dating of several samples of meta—
morphosed igneous rocks from this interval
(Simonis, this volume) yielded values around 355
million years before present (m.y.B.P). This
may vreflect a thermal event in the Upper
Devonian and puts a minimum age on the meta-
sedimentary section.

Detailed biostratigraphic data on the GE-~1
well is shown 1in table 1. Reasonably good

agreement exists between the three studies
shown. The greatest disagreement occurs in the
placement of the boundaries of the Upper

Cretaceous stages; even there, however, the zone
of disagreement rarely exceeds 100 ft (30 m).
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Scholle

Biostratigraphic dating of the
section below 9,000 ft (2,700 m), it should be
emphasized again, is very wuncertain. The
section down to the metasediments at 11,000 ft
(3,350 ft) is probably entirely Lower
Cretaceous, but it may extend into the
Jurassic. To date, no age-definitive fauna has
been recovered from the 9,000~ 11,000-ft (2,700~
to 3,350-m) interval.

Sedimentation rates of various strati-
graphic units are discussed by Poag and Hall
(this volume). The highest rates of sedimenta-
tion occurred during the Albian to Senonian
interval, the middle and late Eocene, and the
middle Miocene. The lowest depositional rates
prevailed in the Late Cretaceous (Campanian and
Maestrichtian), the Oligocene, and the
Pleistocene. The overall range of sedimentation
rates is not great, however. Maximum rates are
about 2.5 in. (6.4 cm) per 1,000 years; minimum
rates are about 0.5 in. (1.3 cm) per 1,000
years.

The porosity and permeability relations of
conventional and sidewall core samples from the
GE-1 well are shown in figure 8. Very high
porosites,in the 25-to 40-percent range, are
encountered in the chalks im the 1,000- to
3,000-ft (300~ to 900-m)-depth range. Corre-
sponding permeabilities for these fine-grained
limestones are, however, predictably low.
Nevertheless, both o0il and gas production are
known from chalks of comparable petrophysical
character from areas such as the North Sea, the
U.S. Gulf Coast, and the U.S. Western Interior
(Scholle, 1977c). Significant gas shows and
potential future gas production have also been
found in lithologically comparable, though
older, chalks on the AOCS in the Scotian Shelf
area of Canada (Scholle, 1977c). 1In areas where
overpressuring and (or) fracturing have affected
the chalks, even better reservoir character may
be expected. Loss of fluid circulation in the
chalk and calcareous shale interval from 2,800
to 4,900 ft (850-1,500 m) during the drilling of
the GE-1 well indicates that fracturing may be
significant in that part of the section.

In the interval from 5,700 to 7,200 ft
(1,750-2,200 m), porosity values in the mixed
assemblage of limestones, dolomites, and
sandstones are varied and unsystematic. The

sedimentary
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limestones contain both primary and secondary
(leached) porosity; the dolomites are mostly
finely crystalline and nonporous. In some
carbonate units, considerable amounts of primary
and secondary pore space have been obliterated
by anhydrite cement.

Arkosic sandstones and siltstones provide
possible reservoirs in the red-bed sequence
below 7,200 ft (2,200 m). The original porosity
of these rocks has been reduced by compaction,
pressure solution, and cementation by silica,
calcite, and anhydrite (Halley, this volume).
Despite these factors, porosities in the 15- to
30-percent range are common in the 7,200~ to
10,000-ft (2,200- to 3,050-m)-depth range.
Corresponding permeabilities are mostly in the
1- to 100-millidarcies (md) range, although a
few of the coarser sandstones have
permeabilities as high as 4,100 md (averaged in
with other values in fig. 8). ©Porosities and
permeabilities of the sandstones between 10,000

and 11,000 ft (3,050-3,350 m) have been greatly
reduced by diagenetic factors and no reservoir
units are likely to be found in that interval.
Likewise, in the slightly metamorphosed section
below 11,000 ft (3,350 m), diagenetic alteration
has obliterated all significant porosity and no
reservoir rocks are expected.

Impermeable beds, which could act as seals
for hydrocarbon entrapment, are present
throughout the section. The thick shales and
calcareous shales between 3,600 and 5,700 ft
(1,100-1,750 m), as well as thinner shales and
anhydrite beds in the deeper parts of the
section, are the best potential seals.

The COST No. GE~1 well has a low geothermal
gradient today (0.89°F/100 ft (16.2°C/km)), and
geochemical indicators apparently show that the
gradient has been that low or lower throughout
Cretaceous to Holocene time. Data on color
alteration of kerogen, temperature of maximum
pyrolysis yield, carbon preference index, and



primary vitrinite reflectance are summarized in
figure 9.

In general, organic geochemical studies
have shown that the section in the COST No. GE-1
well down to about 3,600 ft (1,100 m) contains
small amounts of organic carbon. Furthermore,
the interval shows very low concentrations of
indigenous hydrocarbons, indicating a lack of
significant biogenic or thermogenic generation
of hydrocarbons. Vitrinite-~reflectance values
average about 0.2 throughout the interval and,
coupled with visual~kerogen-alteration values of
1 to 1+, indicate thermal immaturity. Inter-
pretation of CIS+ extractable hydrocarbons in
the lower part of this Tertiary interval is
greatly hampered, however, by contamination from
drilling additives.

The underlying interval of Upper Cretaceous
shales (3,570-5,950 £t (1,090-1,810 m)) has the
highest organic carbon content of any section in
the GE-1 well. Organic carbon averages 1.24
percent (by weight) through this interval, with
individual beds containing in excess of 14
percent organic carbon. Visual-kerogen analyses
have shown that much of this organic matter
consists of hydrogen-rich, "oil-prone" kerogen
types. The shales in this interval also have
the Thighest total extractables, paraffin-
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Figure 8.--Porosities and permeabilities meas-

ured on conventional and sidewall cores

from the GE-1 well as a function of depth

(data from Amato and Bebout, 1978). Where

numerous conventional core measurements
were available for short depth intervals,
plotted values are averages.
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napthenes, aromatics, and Nitrogen-Sulfur-Oxygen
compounds (NSO’s) present in the well. Although
the upper half of this interval still shows
signs of contamination by drilling additives,
there 1is considerable indication that the
extractable Cjg+ hydrocarbons in this interval
are, at least partly, indigenous and are derived

from the abundant amorphous marine kerogen
present in this section. However, vitrinite-
reflectance values of 0.35 and a kerogen-

maturation rank of 2~ strongly imply thermal
immaturity for this interval. In general,
vitrinite~reflectance values of 0.45 to 0.5 and
kerogen-maturation values of 2 to 2+ are taken

to mark the earliest onset of significant
thermogenic liquid~hydrocarbon generation
(Bartenstein and Teichmflller, 1974; Hood and
others, 1975; Vassoyevich and others, 1970).

Such values are not encountered in the GE~1 well
until depths in excess of 8,500 ft (2,600 m).
The peak rate of liquid-hydrocarbon generation
is apparently marked by vitrinite-reflectance
values in the range of 0.6 to 0.7 (kerogen-
maturation values of 2+ to 3), and such values
only occur below 9,000 ft (2,750-m) in the COST
No. GE-1 well.

The portion of the Lower Cretaceous section
from 5,950 to 8,900 ft (1,810-2,700 m) has a

considerably lower average organic carbon
content than the overlying section. The kerogen
in this section also appears to consist

primarily of the hydrogen-deficient, 'gas~prone"
types. This corresponds with the low-pyrolitic-
hydrocarbon~to-organic-carbon ratios found in
this interval and indicates a very poor source
for liquid-petroleum hydrocarbons. The deepest
part of this interval, from 8,500 to 8,900 ft

(2,600-2,700 m), does, however, show thermal
maturity.
The Lower Cretaceous(?) and Devonian(?)

sedimentary rocks in the COST No. GE-1 well
below 8,900 ft (2,700 m) are largely nommarine
to coastal; and, although they are thermally
mature, they must be viewed as having little or
no potential as petroleum source rocks because
of their very low organic carbon contents.
Essentially five major factors are involved
in the origin and entrapment of hydrocarbons:
(1) source rocks, (2) temperatures sufficient to
generate liquid or gaseous hydrocarbons, (3)
porous reservoir rocks, (4) impermeable seals,
and (5) structural and (or) stratigraphic
traps. Indications from the GE~1 well are that
rocks of high organic carbon content and "oil-
prone" kerogen types are present in the 3,570-
to 5,950-ft (1,090- to 1,810-m) interval. Rocks
between 5,950 and 8,900 £t (1,810-2,700 m) have
a poor source potential because of low contents
of organic carbon and the more terrestrial
hydrogen—deficient nature of the kerogen in this
interval. Sedimentary units below 8,900 ft
(2,700 m) are virtually barren of organic matter
and have essentially no source~rock potential.
Temperatures appear to have been sufficient

for 1liquid-hydrocarbon generation at depths
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below about 8,500 ft (2,600 m), although some
indications of incipient generation are present
at higher levels in the well. Unfortunately the
source-rock potential is low in the intervals
that have the optimum thermal-maturation and
reservoir-rock characteristics. If the Upper
Cretaceous shaly interval 1is encountered in
areas of higher thermal gradient or deeper
burial, however, it could be an excellent source
rock; and this interval must be considered as
the one with the highest source potential for
the Southeast Georgia Embayment.

Potential reservoir rocks are available in
two sections. Very low permeability (but high
porosity) chalks are present in the 1,000~ to
3,500-ft (330-to 1,050-m) interval. Where
fractured or overpressured these could act as

reservoir units, especially because of their
association with the directly underlying
potential-source sections. More traditional

sandstone and limestone reservoirs with high
porosity and permeability are present throughout
the Lower Cretaceous part of the section from
5,700 ft (1,750 m) down to about 10,000 ft
(3,050 m). Individual sandstone beds reach 90
ft (28 m) in thickness, and permeabilities in

the hundreds of millidarcies are common. If
thermally mature marine shales interfinger with
these sandstones in a down-dip direction, the
potential exists for excellent oil and gas
reservoirs within the 5,700~ to 10,000-ft
(1,750- to 3,050-m) interval. Although
sandstones are present below 10,000 ft (3,050
m), they are tightly cemented and, in spite of
some gas shows in GE-1, must be considered as

non-reservoir units in offshore hydrocarbon
exploratione.
Seals, in the form of shales, are present

throughout the GE-1 section. In addition,
anhydrite beds, which would act as seals, are
present below about 6,000 £t (1,800 m).

Although the availability of structures for
hydrocarbon trapping cannot be evaluated from a
single well that was intentionally drilled off-
structure, regional geophysical studies do not
show abundant structures with significant
closure in the area of the COST No. GE~1 well.
Thus, stratigraphic trapping through lateral
facies changes may be of greater exploration
interest in this area than in other basins along
the Atlantic offshore margin.



LITHOLOGIC DESCRIPTIONS

E. C. Rhodehamel

The lithologic log for the COST No. GE-1
well, shown in figure 10, is compiled from low-
powered microscopic examination in reflected
light of all available samples (drill cuttings)
of the stratigraphic test; results of this
examination, in general, are supported by
interpretations from the electrical~induction,
spontaneous—-potential, natural-gamma~ray, sonic,
density, and neutron geophysical logs. Avail-
able samples representing 30~ft (9-m) sections
were taken at 90-ft (27-m) intervals from 420 to
4,020 £t (128-1,225 m); and below that depth to
13,240 ft (4,036 m), 10~-ft (3~m) sample sections
were taken at 30-ft (9~m) intervals to within 14
ft (4 m) of the total depth of the hole. Sup-
plemental x~ray powder diffraction data on three
samples between 12,540 and 12,670 ft (3,822-

3,862 m) were supplied by Mary Mrose, USGS,
Reston, Va. Charles Milton, USGS, Reston, Va.,
(written commun., 1978) made a petrographic

examination of the altered trachyte rock noted
from 12,780 to 12,790 ft (3,895-3,898 m), and
the trachyte noted from 13,230 to 13,240 ft

(4,033~4,036 m) was determined by Halley (this
volume).

Standard USGS rock~type abbreviations,
shale (sh.), siltstone (sts.), sandstone (ss.),
conglomerate (cgl.), limestone (1s), dolomite
(dol.), and quartzite (qtz.) are used throughout
the descriptive material. Standard rock-color
chart (National Research Council, 1948) colors
are used. Their associated color numberings are
not supplied in the 1lithologic description in
order to reduce the description to manageable
size and to facilitate readability.

Both lithologic percentages and rock-
porosity evaluations are estimated from the
sample material. The lithology presented is, at

best, an estimate of the lithology encountered
and does not truly represent a "bed-by-bed"
section. As such, a brief written description
of the natural 1lithologic units, largely

interpreted from geophysical logs, 1is provided
and is considered a valuable adjunct to the
graphic lithologic log shown in figure 10.
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Breccia
Rock fragments
Coal seam

Hornfels

Argillite
Quartzite
Volcanic rock

Abbreviations used in text

Limonite(ic) + iron stain{(ing)

Siderite
Chlorite(itic)
Carbonaceous
Lignite

Coal fragments
Epidote

Hematite fragments
Aragonite

Gypsum crystals
Mica, micaceous
Abundant microfossils
Shell fragments
Phosphate(ic)
Pyrite
Glauconite(ic)

Cgl. Conglomerate
Dol. dolomite

Ls.
Qtz
Sh.
Ss.
Sts

Figure 10.-~-Lithologic log, COST No. GE-1 well:
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limestone

.quartzite

shale
sandstone

.siltstone

Explanation.



DEPTH IN FEET

PERCENT OF SAMPLE

DESCRIPTION
Q 25 50 75 100
1
3]
DO [=S]
= <)
~
e 2 "'~ 420-600 Shell hash, loose, waterworn, brecciated; quartz sand, clear,
. .
== =~ T frosted, loose, angular to subrounded, fine to very coarse grains
= :f"‘\~:‘ &2, ranging to granule size, Oolite pellets, white to gray, loose;
’::‘ ::' - : e oomicrite, gray; biomicrite; sparite; calcareous mud; glauconite,
AN A bAoA green to brown; and phosphate pellets, brown. Sedimentary and
oAt ol volcanic rock fragments,
~ e~ A~ %2
-~
500420 L AT
- O~
A -
~ o~
~w oA
AN A
“ o~
el R
600 O YNV ] 600-690 Shell hash, loose, waterworn, brecciated; biomicrite; many
So e ¥4y loose ooids, fine- to coarse-grained; quartz grains, some euhedral,
Eeh .o ranging to pebble size (40-mm diam.). Ss., clear to frosted, poorly
At LA gorted, fine-grained, ranging to sts., gray, dense, noncalcareous,
e :./A\ and cherty. Glauconite, green and brown; phosphate nodules and
pellets.
690-780 A variegated, colored breccia of shells; chert, banded, milky;
700— micrite; biomicrite, gray, sandy; oolitic micrite, white, gray;
pelmicrite, gray; ls., gray, sucrosic, hard, low porosity; and dol.,
olive gray. Quartz sand, clear, subangular to rounded, fine to very
coarse-grained (to pebble size). Ooids, gray, small, loose; green
tX2 glauconite; brown phosphate pellets and nodules; heavy minerals and
."_o‘_",‘:‘_': _f._‘”;‘_“_’v’:l_ o.‘;o"fg metamorphic rock fragments.,
eeat . ven L u % e
800——-" T :L‘—y'-L'.uf-‘-L"_:iz 780-1050 Micrite, gray with shell hash and loose ooilds. Biomicrite;
J_—"-_-L-LL' - -&_Lr‘—._‘_—‘- Y pelmicrite; phosphate pellets; glauconite, and hematite fragments.
I S T Fup G Euhedral and broken quartz crystals, clear to frosted, fine-grained
B R R S e (3 to granule size (2.5-mm diam.). Gypsum, white, occasional twinned
B S Sty pseudomorphs.
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—1050-1140 Mostly casing cement, with a white, sandy, and brown,
siliceous, angular, nonfossiliferous fragment (chert?}.
1100 —
—1140-1230 Lithology like at 1050 ft; casing cement with some chert and
argillaceous micrite (chalk) and (or) white to gray lime mud.
1200 —
S AL ZZTT~a ~ 72 .
_,_'-J:‘L L~ 4 = o mf 1| 1230-1590 Biomicrite, fossil fraghents (foraminifers), gray, moderately
:;LE -~ 4~ ~ i soft, moderate to abundant intergranular porosity. Dol., brown
-
2% 2o o °,_° ’\Z:E to gray, crypto- to microcrystalline, dense, conchoidally fractured.
_‘—J._:: J__‘_ZEA_ -~ z3 Occasional beds of calcareous dol. with ooids and eroded and broken
P - - - = micrite (chalky, earthy-textured material).
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Figure 10.~-Lithologic log, COST No. GE-1 well:
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DEPTH IN FEET

PERCENT OF SAMPLE

9 25 50 75 100
- I L J
1500 — 1500-1590 Lithology like at 1230 ft.
~ L ZZT "~ N
L~ 1 of
-~ L
e 0o0eZ 7T T}
W 72
.5 o~ 7X| 1590-1625 Lithology like at 1230 to 1590 ft, but with some sand,
~
8 - quartzose, milky, smokey, clear, fine- to medium-grained, subangular
°e o ZZ 1]
1600— ~ - to subrounded.
R T~
Pt
T= 1= L 1625-1680 Biomicrite, gray, mostly chalky textured, some oolitic,
mf | ~_| oL microcrystalline, or argillaceous. Some fragmental sparry 1s.,
: oL Lole L~L and thin chert beds, gray, very dense, cryptocrystalline,
D S S e e e slightly dolomitic, with little intergranular porosity, and earthy
= —"-,-:;r—-._"t—-’_]_ luster. Trace of fine-grained, detrital, coaly fragments.
& &= 3 “azza ige
1700 L~ L7 a1 £° 0
e T e T Ty Ty ~T
et et
i TN
4o~ L 4 L
T T LT N e
At e
AITZ A & & & 1g 8aTZD
8 e Lo . g TN
1800 — A - —_ & L 2o
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oA, s - = 4 - Tl 1860-2220 Biomicrite, like at 1680 ft, but less fossiliferous. Some
° o PP cocy s
--a :L—L_‘—_L _‘__I__L_:_—LJ.A micrite and sparite at 2130 ft. Chert, increasing with depth,
"..l_*.L'LA_L'L :L'L_'T_'L_: 4 gray, dense, cryptocrystalline, carbonaceous, nondolomitic,
]300__0 SR e iR _‘_“ with little porosity, becoming more argillaceous with depth.
e . iy Some loose sand, clear, and very coarse grained at 1950 ft, but
= 1 no quartz present at 2040 ft.
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I~ 2220-2490 Biomicrite and micrite, argillaceous, slightly indurated,
very porous, fine-grained biogenic fragments.
brownish-gray, translucent, dense, very low porosity, nodular,

with conchoidal fracture and, at 2310 ft, finer textured than at
Some ss. with very fine grained pellets.
at 2310 ft, but quartz sand, clear, crystalline, and very coarse.

Chert, gray to

No macrofossils

— 2490-2850 Lithology like at 2220 ft, with more chert and less micrite.
Some gray and white pellets; seed pods, resinous, brown (0.5-mm
diam.); calcarenite, fine-grained; and fine bituminous particles.
Claystone and sts. very fine grained, dense, thin-bedded (less
than 1/2-mm thick), and with conchoidal fracture.
black and hematite staining; quartz sand, clear, medium-grained.

Some glauconite,

Less quartz sand at

Spontaneous Regjgtivity
potential 2
Ohms m“/m

Millivolts
0.2 1.0 10 100

20
-H+ —r—
¢ 457

475

- 500

F525

Tsso

+575
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625
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675

700

+725

750

F775

800

Lg2s

1,500-2,700 ft (457-823 m).
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DEPTH IN FEET

Spontaneous Resistivity
potential
Millivolts  Ohms m’/m
PERCENT OF SAMPLE 20 0.21.0 10 100
0 25 50 75 100 “Hy  ——
L i A 1 i)
2700 —f NN 825
A A A A
A A A A
S-S SN
A AN A A
A A AL -850
2800 —1%. 7. A A A A
| & & & 4]|2850~2900 Calcarenite, fine- to medium-grained, somewhat sparry,
AL A A nonfossiliferous, and some glauconite, green, very fine grained.
A A Muscovite, large (3-mm diam.) flakes with smaller mica flakes of
.I. 1 brass and gold color; some as inclusions in the calcarenite.
eI :EJTLr“é Some milky quartz sand and chert, Walnut hull contamination. LB75
2900 LT T-1T T-T°T
_ 2900-~3030 Micrite and fine calcarenite, gray, argillaceous, chalky,
microcrystalline, some sparry, with moderate to abundant moldic
E + + +F F F F to interparticle porosity, slightly microfossiliferous, some crogs- 900
:+il}i_F+—_‘_‘%r‘*fl'+¥$+ bedding, and very micaceous, like at 2850 ft. Some quartz sand,
Sils
= 4?-%]% ++-|:*_-|:'_-|:{_+ —+] clear, broken, angular to subangular grains, and microfossils.
1000 o g e _J__.E:;*:f‘_*_ T ¥ x Walnut hull contamination,

F+F+ +F - FF -+ F F

FE++ £ + +F F+ F+ F F

F —nuﬁi:f—:-l_'-[ 3030-3060 Micrite to fine calcarenite, gray, becoming increasingly 925

= ...*.__L_":—_I_ "_J_ =T argillaceous, more dense, and with some black lignite. Mica,

[ =~mf—  Tg,. —e—e| like at 2850 and 2970 ft. Some quartz sand, clear, broken, angular

4 T=, ;:_L— —_‘_—-‘_—j to subangular graims, and microfossils, Walnut hull contamination.

o - — T

3100 o T T T T T
_I___:__“___L o= Y T30e0-3210 Micrite, light-gray; becoming very argillaceous with depthj l9so
b e -— — -+ =+ limy sh. at 3300 ft, thin (less than 0.2-mm), horizontally bedded,
— my
| = = e A e e microcrystalline, soft to moderately dense, moderate to low
[ e S porosity, blocky; minute mica flakes; some very fine calcarenite.

S e — Sh., light-gray, very calcareous, with wavy bedding at 3390 ftr.

— ., — =T Walnut hull contamination.

I T L Lo7s

3200 - - 4 - — ]
F———————_~ = _ " }-3210-3390 Lithology like at 3060 ft. Some chert, gray to brownish=-
_t:l el _-‘—__“—_‘—__—': gray, dense, with conchoidal fracturing beginning at 3300 ft;
M T T T some green glauconite in small fractures amnd sparse mica.
[N R,
St S it U T TS

g — — | e -

b o | e e e 1000 2

—_ | -

I [ SU T 5
-
=

1025 a
[ 3390-3480 Lithology like at 3060 ft, except some calcareous sh.
1050
—— {— 3480-3600 Sh., calcareous, as above at 3390 ft., Micrite, very
argillaceous, with thin horizontal bedding (like at 3120 ft), and
moderate to scarce intraparticle porosity, mica (both large and small L1075
flakes, like at 2850 ft) some brown pellets and ooids at 3570 fr,
and chert. Some quartz sand, clear, as much as 4-mm diam., and
angular. Sparry ls. and large particles of lignite.
+— 3600~ 3660 Argillaceous ls., soft, and calcarenite. 1100

3660-3750 Sh., gray, very calcareous, biomicrite, gray, and argillaceous
1s., slightly oil stained. Glauconite, brown, some green, 1
0.5-mm-diam. pellets, weathered; and mica, two types like at 2850 ft. 125
Walnut hull contamination.

3750-4010 Sts., gray, very fine grained, moderately indurated, fair |
porosity, calcareous, and microfossiliferous. Some quartz sand, 1150
clear, and angular-grained; glass beads, clear, perfectly spherical;
pyroclastic grains(?), mica, two colors like at 2850 ft and iron
staining. Sts., more calcareous, coarser, slightly micaceous,
lignitic, and fossiliferous at the base.

r1175
L
Figure 10.--Lithologic log, COST No. GE-1 well: 2,700-3,900 ft (823-1,189 m).
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DEPTH IN FEET

PERCENT OF SAMPLE
75 100
1 —

2
i

5

50
n

4000 —

4010-4130 Micrite, argillaceous, and intercalated sh., calcareous,

very fine (0.2-mm thick) horizontal, distinct bedding; with
quartz grains, clear (to 4-mm diam.), and angular to subrounded.
Small pelecypod shells, foraminifer, and broken fossils. Some
chert, gray, and iron stained. Glass spheroids, numerous (like
at 3750 ft). Gray sh. fragments like at 4020 ft. Quartz sand,
medium-grained.

4300 —

FRETEF )

I'to b

b FOF )
po e
Fiksh
H

)
of

B

o F
b

300
yE)k
Py

hr

F
)
F

4130-4280 Micrite and biomicrite, gray; partly argillaceous
calcilutite; white pellets, foraminifers, macrofossils, and
calcite(?) plates. Quartz sand, loose, yellow, clear, medium-
grained to as much as 2-mm diam,, and angular. More biomicrite,
micrite, and iron staining with less foraminifers and glauconite
than at 4010 ft. Glass spheroids, like at 3750 ft. Gray sh.,
soft, calcareous, fossiliferous, and argillaceous, Some calcite,
pinkish-gray. No loose quartz at 4230 ft. At 4200 and 4230 ft,
more white calcareous pellets and calcite crystals.

—.|— 4280-4395 Biomicrite, white, argillaceous, cryptocrystalline, soft,

low to moderate interparticle porosity. Some loose glass
spheroids, calcareous sand, pellets, and ooids. More clay and

4400 —

4500—

E
o

F
>

kel
5y

ul-
FH

4600—

4700 —

4800 ——

4900 —

5000 —

sh. at 4380 ft. Micrite; calcarenite and biomicrite, clayey,
fossiliferous, and iron stained. Clay, gray. Some calcite
crystals, quartz sand, loose, and coarse-grained.

| 4395-4580 Micrite; biomicrite; very fine calcarenite, argillaceous,
white, moderate to low porosity, and fossiliferous. Sh.,

gray, fossiliferous, moderately hard to soft, calcareous, some
open partings, and moderate inter-particle porosity. Some quartz
sand, medium-grained, angular to subrounded, and glass

spheroids as above. At 4410 ft, micrite with fewer fossils,

iron oxide, and aragonite. More sh., increasing with depth,
calcareous, and silty, and loose calcarenite, Some calcite
crystals. No quartz sand. Some pyritized foraminifers at

4470 fr. At 4500 ft, some fossiliferous gray sh,

I— 4580-4940 Sh., gray, moderately hard to soft, easily lost by sample
washing, very fine bedding (0.05-mm thick), moderate to low
interparticle and intergranular porosity, megafossils, calcareous,
and silty. Calcarenite, and biocalcarenite, fine- to medium-
grained fossiliferous; micrite and biomicrite, white to yellowish-
gray, silty, very fine grained, argillaceous, and poorly
consolidated. Some glass spheroids, calcite crystals, but no
quartz grains. Some manganese and iron-oxide stain at 4710 ft.
At 4860 ftr, lithologies are especially soft and wash out easily.

4940-5150 Lithology like from 4860 to 4940 ft, except more biomicrite

8
53

ARAARAA

El-lgrlk%l:

o]

> |>"} l'i)|

5100—

Figure 10.--Lithologic log, COST No. GE-1 well:

and sh., as above, but more calcareous. Some large, calcite
fragments; quartz sand, medium-grained; and glass spheroids.
Sh., gray, soft, poor to fair porosity, silty, calcareous;
biomicrite, semi-indurated, with fair porosity, and a bio-
calcarenite of foraminifers, aragonite crystals, and broken
calcareous shell fragments. Thin soft ls. at about 5140 ft.
Soft sh. as above, probably underlogged between 4370 to 5030 ft.
Calcareous clay increasing; some biocalcarenite, largely of
pyritized foraminifers, and iron oxide like at 4980 ft.
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Spontaneous Resistivity
potential

Millivolts Ohms m’/m
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3,900-5,100 ft (1,189-1,554 m).
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DEPTH IN FEET

e

PERCENT OF SAMPLE
25
I

50
1

75
L

5100

5200 —

5300 —

"TPIP R ETE KUE P F O
FIPEBC B R R P By

5

[_5150—5600 Sh., various shades ot gray, some pyritic, soft to

5400 —

DR

5500 —

5600

L2245 Tkl SRR ihEhb

moderately soft, more indurated below 5430 ft, low to moderate
porosity; high porosity between 5500 and 5576 and especially low
porosity from 5575 to 5765 ft; fossiliferous, silty, calcareous,
with siderite cement at 5550 ft; grading to micrite and
biomicrite, yellowish-grav, lignitic, silty, fine-grained,
moderate porosity; biocalcarenite of broken fossils, ooids,
pellets, and foraminiferal tests; becoming pvritized like at
5100 ft. (becoming less so with depth). Some sucrosic ls.;

and white and pink calcite fragments, large, broken, angular;
and more glass spheroids like at 3750 ft, but markedly less
near the base of unit, where some have small, glassy, globular
volcanic(?) tails at 5580 ft. Quartz sand, clear, medium- to
coarsé-grained, angular to rounded, and euhedral bassanite
(gypsum) crystals, especially between 5340 and 5380 ft. Ls.
bed at 5440 ft.

F600—5720 Sh., gray, more fissile, brittle, dense, low porosity,

with calcareous cement, much vervy fine to medium silt, but
gradually changing to more white and gray biomicrite like at
5580 fr. Calcarenite, loose, like at 5610 ft. Some amber-
colored organic shreds.

[(5720-5765 Biomicrite like at 5580 ft, and sparry calcite. Sh., like
at 5670 to 5700 ft. Calcarenite and biocalcarenite, fine-
grained, with pyrite. Quartz sand, clear, coarse, and angular;
and quartzose silt, clear, fine to coarse, angular, and loose.
Some ss., gray, with fine, angular grains, tightly consolidated,
low porosity; much calcareous cement. Some clear to white
calcite, megacrystalline (as much as 1/2-cm diam.), some stained
red, and some glass spheroids.

5765-5870 Ss., subarkose to subgraywacke, gray, calcite-cemented,
moderate to high porosity, poorly sorted; pyritized lignite;
bedded and detrital coal and gray rock fragments. Quartzose
silt, coarse, angular to subangular grains; and quartz sand,
coarse to very coarse, clear, milky, some euhedral. Sh.,
gray like at 5670 ft, increasing with depth; and micrite, like
at 5370 ft. Some ss., grayish-green, very fine grained,
calcareous; and dark brown dol. At 5810 ft, lithology like at
5790 ft, except ss.is subarkosic, gray to yellowish-gray; and
an orthoquartzite, white, fine- to coarse-grained, calcite-
cemented, poorly sorted, very angular to angular, fossiliferous.
Also a biomicrite, yellowish-gray, silty, at 5855 ft; and a thin
1s. bed at 5865 ft. Some loose sand. From 5850 to 6300 ft,
sh. and sts. are either calcareous, gray, or noncalcareous,
greenish~-gray.

[75870-5900 Sh., gray, silty, calcareous, lignitic, micaceous, and
dark noncalcareous sts., fine-grained, micaceous, and carbonaceous.
Calcite, white, yellow, gray, some stained pink, large (2.6-mm)
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Figure 10.--Lithologic log, COST No. GE-1 well:

pic fragments, partly fossiliferous; and 1s., white,
sucrosic to sparry. Ss., orthoquartzite, subarkose to sub-
graywacke, white, gray, very fine- to fine-grained, dense, low
porosity, poorly sorted, calcareous, angular to subangular, and
nonfossiliferous.

5900-5990 Lithology similar to 5870 ft, except some biomicrite and
calcite present. Much more sh., green, and noncalcareous. Ss.,
with coal; graywacke sts.; and a ls. bed at 5930 to 5940 ft.
More sh. and sts. with increasing depth, and bassanite crystals
at 5970 ft.

5990-6080 Lithology similar to 5970 ft. More sh., gray, slightly
calcareous, carbonaceous, fossiliferous, micaceous; and claystone,
green to greenish-gray, soft, noncalcarecus. Ss., partly
subarkosic to orthoquartzitic, grayv, dense, very fine-grained
to fine-grained, calcareous, low porosity; and thin-bedded,
calcareous, green, carbonaceous, very fine to very coarse
subgraywacke; and sts. with very poor porosity, poorly sorted,
and angular to subrounded shapes. Micrite, gray; calcite,
sparry, fossiliferous; and ls., white, vellowish-gray, mega-
crystalline to microecrystalline. Some yellow amber, soft,
resinous masses; and loose quartz sand, clear, medium-grained,
angular to subrounded.

6080-6320 Ls., yellowish-gray, with coarse to medium crystals;
sparite; biosparite; pelsparite; and oosparite; sucrosic, dense,
poor to tair interparticle porosity, oolitic and fossil ghosts,
verv vuggy, with secondarv calcite growths, and weathered
glauconite. Micrite; biomicrite; calcite crystals; and fossil
fragments, orange colored, and stained (less at the base).

Sh., gray and greenish gray like at 5940 ft; very fine sts.,
with calcareous to noncalcareous cement, fossiliferous, and
thin-bedded; and intercalated claystone. Ss., subarkosic,
subgraywacke to graywacke, gray, very fine-grained to fine-
grained, calcareously cemented, poorly sorted, and having low
to moderate porosity. Some loose quartz sand, clear, fine
grained to very coarse grained, euhedral, and angular to
subrounded.

30

Spontaneous
potential

Millivolts

Resistivity

)
Ohms m”/m

20 0.2 1.0 10 100
—_—

-+

1555

r1575

1600

1625

1650

F1675

r1700

r1725

1750

1775

F1800

F1825

1850

1875

1900

5,100-6,300 ft (1,554-1,920 m).
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i 6320-6500 Ls., micrite, partly sandy; biomicrite; blosparite; oosparite;

pelmicrite; and volitic and pelsparite packstone; mottled yellowish-
gray, gray, and pink, with orange-colored stain; becoming more
altered (weathered) below 6500 ft and less porousat6540to6610 ft,hard

very dense; low to high intraparticle, interparticle, and inter-
crystalline porosity, with sucrosic to megacrystalline texture, and
calcite recrystallization in micrite. Sh., gray, greenish-gray, dense
silty, hard, somewhat calcareous to noncalcareous, micaceous,
carbonaceous, low porosity; pyritized fossil plants; intercalated

6600

6700

6800

6900

7000

sts. becoming dominant at 6410 to 6440 ft; fossiliferous at 6470 to
6500 ft, and dolomitic and calcitic below 6620 ft. Some ss.
(subgraywacke to subarkose), and gray, fine- to coarse-grained,
calcareous sts., Ss. is gray, very fine grained, silty, noncalcareous
to calcareous, dense with low to high porosity, angular to subrounded
grains, very carbonaceous; interbedded with sh. and with ls. at

6360 to 6370 ft, and 6390 to 6400 ft. Quartz sand, clear, very
coarse (l.3-mm diam.), well-rounded, and iron-stained. Anhydrite\,
white, ‘massive, non porous; and crystalline rosettes and gypsum
crystals occurring in oolitic 1s. vugs. Dol., below 6500 ft, gray,
vuggy, dense, sucrosic, conchoidally fractured; high intraparticle,

interparticle, and intercrystalline porositv. Some white, mega-

crystalline calcite, and amber and tar plate’=2ts below 6620 ft.
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v r—6650-6800 Ls. like at 6540 to 6610 ft, altered, with fair to excellent

vuggy, interparticle, porosity; some dense, with low porosity, and

more fossiliferous, Sh. and sts., gray, fine- to medium-grained,

like at 6630 ft. Anhydrite and gypsum In crystals, stained, white,
massive, fractured; and dense forms like between 6540 to 6610 ft.

Some ss., very fine grained, calcite, clear to milky, recrystallized

and megacrystalline, some tar(?) and amber.

[C6800-6890 Ls., gray, mottled by pellets, biosparite, oosparite, pelsparite;
pink and white micrite, microcrystalline to megacrystalline; recrystallized,

white calcite, gray oomicrite, biomicrosparite; and pelmicrosparite, dense,
low to high vuggy and intraparticle porosity. Where altered, ls. is more
porous. Sh., gray, very fine grained, soft to hard, nonmicaceous to

micaceous, noncalcareous to calcareous. Greenish-gray sh., and some

calcareous greenish-gray claystone, Ss., gray, very fine grained, and
noncalcareous; and a very fine grained calcareously cemented sts. Most
sh. and sts. are soft, have moderately low porosity, and have some

brownish-gray sh. Anhydrite, like at 6750 ft intercalated with micro-
crystalline and sucrosic, brown, dense dol.

[~ 6890-7020 Dol., yellowish-gray, finely crystalline to sucrosic to dolomicritie,
dense, with moderate porosity. Ls., increasing with depth, oolitic, gray,
mottled; some biosparite, biomicrite, calcarenite, oosparite, and micrite.
Sh. and sts., like at 6870 ft, very fine grained, micaceous, gray, and
greenish-gray, very to slightly calcareous. Anhydrite, like at 6870 ft,

and coarsely crystalline dol. Some loose quartz.

[ 7020-7070 Ls., yellowish-gray, fossiliferous, biosparite with intra-

granular porosity; biomicrite, oosparite with vuggy porosity; and

oomicrite, pelsparite, and much micrite, with calcite, large crystals,

recrystallized, and dolomitic. Dol., calcareous, finely crystalline,

sucrosic, dense to porous, interparticle porosity, dull and sparry.
Sh. and sts., gray, very fine grained, little to much calcareous
cement, and some green claystone and sh. Ss. (subgravwacke), gray,
mottled with bronze mica, very fine grained, some noncalcareous
cement, fair to good porosity, with quartz. Some white, massive
anhydrite, coal and dark greenish-gray sh. Walnut hull contamination.

»
e

7070-7160 Sh. and sts., very fine grained, gray, greemish-gray, mottled, little

to much calcareous cement, and hard to soft. Ls., oosparite, oomicrite,
pelsparite, biosparite, biomicrite, micrite, and recrystallized calcite. Ss.,
very fine grained to fine grained; and sts. (subgraywacke), fair to good

porosity, poor to fair sorting, angular to well-rounded grains,snd nonfossil-
iferous. Some white, massive, and greasy-looking anhydrite, microcrystalline
to cryptocrystalline, dense partings; interbedded with gray sh. Walnut hull
contamination. Lithology more immature than at 7050 ft.

7160-7200 Sh. and sts., gray, greenish-gray, and gray silty sh., with little to
much calcareous cement. Ls., white to gray, some dolomitic, dense, vosparite,
oomicrite, biosparite, and micrite, fossiliferous, with moderate to low
porosity. Dol., gray, dense, low porosity, cryptocrystalline to coarsely-
crystalline, sucrosic. Ss. (subgraywacke), gray, mottled, very fine-grained
to fine-grained dolomitic, high porosity, clean to silty, moderate sorting,
and nonfossiliferous. Anhydrite, white, pink, and dense, like at 7110 ft.

Ls. and sh., thin beds, like at 7170 ft. Walnut hull contamination.

7200-7400 Sh., gray, some brown to greenish-gray; trace of gravish-red, partly
silty, nonmicaceous to micaceous, and noncalcareous and calcareous, horizontal
bedding i-mm thick, ls., gray, mottled with pellets of biosparite, oosparite,
biomicrite, oomicrite, micrite; vellow stained at 7380 ft, vuggv porosity,
fossiliferous to nonfossiliferous. Fine- to medium-grained crystalline, dense,
gray dol., sucrosic to cryptocrystalline, with low porosity. Ss. and sts.,
subgraywacke, orthoquartzite, to subarkose, white, gray, some mottled,
greenish-gray, fine grained to very fine grained, well to moderatelv sorted,
nonfossiliferous, calcareocus to dolomitic, some silty and high porosity.

Ss. grades to low maturity sts. Anhydrite, white, pink, dense, massive, in

."'[_ sh. and dol. Walnut hull contamination.

red and brownish-gray toward the base. Increasing dol., cryptocrystalline to
coarsely crystalline to 7460 ft; less ss. and sts. to 7430 ft, and then
increased with depth. Some micrite, limy grainstone, and comicritic
wackestone. More coal to 7470 ft, but less at the base. Clavstone, sh.,
and sts., with very fine grained, thin horizontal-bedded ss. intercalated.

7400-74%0 Lithology like at 7380 ft, with decreasing sh. to 7460 ft, and more %

Notable amounts of anhydrite.

Figure 10.--Lithologic log, COST No. GE-1 well: 6,300-7,500 ft (1,920-2,286
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7490-7910 Sh. and very fine-grained to fine-grained sts., grayish-red,
brown, and grav, faintly ralcareous; and sh., gray, noncalcareous
and silty. Ss. and coarse-grained sts., like at 7530 ft. A little 2300
biomicrite and dol., gray, dense, like at 7560 ft; some mega- g
crystalline and recrystallized. Much loose, quartz sand with red
clayey coatings. Walnut hull contamination.
TZBZS
L:zso
F2375
2400
’;110-8330 Sh., and very fine grained, shaley sts., brownish-gray,
greenish-gray, to grayish-red, moderately soft to moderately hard,

somewhat calcareous; and sh. and sts., very fine grained, gray, i
partly sandy, like at 7440 ft, with sume claystone. Ss., yellowish- 2425
gray to gray; and coarse-grained sts., like at 7530 ft. S8s., well-
sorted, angular to subangular grains, nonfossiliferous, very fine-

to medium-grained, very silty, dolomitic, calcareous to noncalcareous,
dense, and with moderate to low porosity. Much loose, fine to coarse
grained quartz sand. Much coal from 8040 to 8050 ft. Some coal;

gray biomicrite; oomicrite, micrite, with poor porosity. Traces of 2450
pink and white anhydrite, sandy dolomicrite, and dol., gray, demse,
sucrosic, and cryptocrystalline to megacrystalline. Little to much
walnut hull contamination.
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8330-8450 Sh., grayish-red and gray, soft to hard, slightly calcareous

to noncalcareous, partly micaceous; and very fine grained sts.,
fossiliferous, very calcareous, grading to a shaley, sandv, and silty
micrite, like at 8220 ftr, fossiliferous; some soft, slightly calcareous,
brownish-gray sh. Ss., gray (subarkose), clean, carbonate-cemented;
micaceous ss. with less sts.; and grayish-red graywacke, fine- to
coarse-grained, very silty, angular, very poorly sorted to moderately 2550
well sorted, partly indurated, with moderate to high porosity, and

with iron oxide and some calcareous cement. Some calcite cement
recrystallized to microcrystals to megacrystals. Loose quartz grains P
are angular to well rounded in finer grained sizes

8450-8690 Sh., grayish-red, some mottled gray; with pink and gray 2575
anhydrite, silty; silty to sandy, yellowish-gray biomicrite at 8640 ft;
and very fine grained to coarse-grained sts., a slightly micaceous,

and calcareous, soft, and nonfossiliferous. Sh. and very fine grained
sts,, gray, hard, and some calcareous cement. Ss., subgraywacke,

brown grayish-red to pale-red, and gray at the base, fine- to medium-
grained, very angular to rounded grains, poor to well sorted, with 2600
visible moderate to high porosity, being more dense with depth, very
clayey to moderately clean, poor to failr induration, and nonfossil-
iferous. Some megacrystalline and calcareous dol.; brown, and gray,
megacrystalline and dense dol., with more at the base; and much iron
oxide cement. Some dirty reddish-brown claystone; white and gray,
silty, micrite and pelmicrite; and loose, iron-oxide-stained quartz F2625
grains, clear, milky, pitted, very angular to subangular, with poor

to fair sorting, nonfossiliferous, and little to no auxiliary minerals.
Ss., quartzose (orthoquartz<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>