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HEAVY-MINERAL DATA FOR SELECTED VIBRACORES FROM THE SOUTHERN
INNER CONTINENTAL SHELF OF NORTH CAROLINA
by
John G. Nickerson, North Carolina Geological Survey
Wenfeng Li, North Carolina State University
Mary E. Watson, North Carolina Geological Survey

ABSTRACT

This paper provides a listing of mineralogical
data related to 193 samples from 67 vibracores
from the southern inner Continental Shelf of North
Carolina. A description of vibracore processing
for heavy-mineral (sp gr > 2.96) content is also
presented. The average total heavy-mineral (THM)
content, expressed as a weight percentage of the
bulk sample, is 0.56, with a range of <0.01 percent
to 3.69 percent, and a standard deviation of 0.48.
Economic heavy minerals (EHM) comprise an
average of 44.4 weight percent of the heavy-
mineral concentrates, in a range of 0.3 to 68.1, with
a standard deviation of 13.2. Ilmenite is the most
abundant mineral of the concentrates, and averages
26.07 weight percent. The potential for heavy-
mineral resources in this area appears to be poor,
and more work is needed to determine if there are
selected geographic locations or stratigraphic units
which may have favorable concentrations of heavy
minerals.

INTRODUCTION

This paper provides a tabulation of heavy-
mineral (sp gr > 2.96) data from 67 vibracores
obtained from the North Carolina inner Continental
Shelf, primarily from the Cape Fear cuspate
foreland area (Figures 1, 2, and 3), and a description
of vibracore processing. This work is part of a
multi-year project, designed to develop a
stratigraphic framework and to assess the potential
for heavy-mineral resources along the southern
portion of North Carolina’s inner Continental Shelf.
This interim report is the third report generated out
of this project and focuses on textural data, general
lithologic information, and mineralogy of heavy-
mineral concentrates from 193 samples

representing the 67 vibracores. Basic statistical
information is included for certain aspects of the
data set. The first report dealt with the geology
and mineral resources from 19 vibracores
(Hoffman and others, 1991). High-resolution,
shallow seismic data formed the basis for the
second report, which presented a working model
of the stratigraphic framework for the inner shelf
area from Mason Inlet to New Inlet, North Carolina
(Snyder and others, in press).

The vibracores used in the present study were
drilled by the U. S. Army Corps of Engineers
Coastal Engineering Research Center (CERC) in
1971 and 1972 along the southern North Carolina
inner Continental Shelf (Figures 1, 2, and 3). This
drilling effort was part 6f a CERC reconnaissance
study designed to locate and inventory suitable
sand resources and to accumulate geologic data
along the Atlantic Continental Shelf and was
known as the Inner Continental Shelf Sediment and

“Structure program (ICONS).

The North Carolina portion of the ICONS study
resulted in two companion reports (Meisburger,
1977, and 1979). The first report dealt exclusively
with sand nourishment resources from this area and
identified several borrow areas of acceptable-grade
quartz sand, which Meisburger defined in his report
as medium-grained to coarse-grained quartz sand
ranging from 0.25 mm to 1.0 mm (2.00 phi to 0.0
phi) in diameter. The follow-up report synthesized
the data to formulate a reconnaissance stratigraphic
framework. This second report presented
lithologic, textural, and limited biostratigraphic
data for the North Carolina ICONS study area.
Meisburger (1979) correlated cores chiefly on the
basis of his lithologic data, with limited
biostratigraphic work supporting his framework.
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Figure 1. Location map of study area, showing the distribution of vibracores within the Cape Fear Cuspate Foreland (Figure 2)

and northern Onslow Bay (Figure 3).
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Figure 3. Map showing location and USGS number for vibracores in the northeastern portion of the study area, northern Onslow Bay.



Larry Zarra (unpublished data, 1991) provided
more detailed foraminiferal work on 19 vibracores
that were opened as a part of Hoffman and others’
(1991) study and refined Meisburger’s age
determinations, primarily in the Pliocene to
Holocene deposits. Both of these workers’ results
are listed in Appendix B.

The U. S. Geological Survey (USGS)
inventoried and renumbered the ICONS vibracores
after obtaining custody of them. The USGS
numbering scheme for the vibracores is used here,
however, the CERC vibracore codes are also
provided for cross-reference purposes. An “R”
designation following the core number indicates a
replicate vibracore.

PREVIOUS HEAVY-MINERAL WORK

Meisburger, (1979) reported small quantities
of colored, translucent mineral grains in the cores,
and noted that their occurrence was mostly
restricted to the “surficial and near-surface
deposits”. He performed heavy-liquid separation
of a “few selected samples” in bromoform (sp gr=
2.87) which revealed most of these colored,
translucent mineral grains were heavier than quartz.
He also noted that most of these minerals were pink
to red, pale-yellow, or pale yellowish-green, and
attributed these grains to garnet, staurolite, and
epidote, respectively, based upon previous
mineralogical studies of the surficial shelf
sediments in the area (Moore and Gorsline, 1963;
Pilkey, 1963; Gorsline, 1963).

" Eighty-seven ocean floor grab-samples from
the North Carolina continental shelf were analyzed
for mineralogy, and texture (Grosz, Hoffman, and
others, 1990). Of the 87 samples, 54 were from
the area referred to in that report as “south of
Hatteras”, which approximately coincides with the
current study area. These samples averaged 1.04
weight percent heavy minerals with a standard
deviation of 0.71, in a range of 3.27 percent to 0.04
percent.

Weight percent heavy-mineral data were listed

for 19 of the 67 vibracores of this report in Hoffman
and others (1991). They presented stratigraphic
information based upon lithologic and
biostratigraphic data obtained from the vibracores.

LABORATORY PROCEDURES

Procedures used in vibracore processing are
closely aligned with those outlined by Grosz,
Berquist, and Fischler (1990). Vibracores of the
present study were captured in clear polyvinyl-
chloride (PVC) core tubes. They ranged in length
from 0.6 meters to 6.1 meters, and were 4 inches
in diameter (Figure 4). A static blade cutter was
used to open the vibracores longitudinally; this
device dictated the 1.6- meter maximum workable
length for all vibracores (Figures 4 and $5).
Vibracores with lengths greater than 1.6 m were
cross-cut in such a fashion so as to limit the amount
of PVC contamination. The samples were labeled
with their USGS code, followed by “.1”, to indicate
the uppermost section of the core, and successive
numbers were assigned to each interval with
increasing depth. Appendix A contains basic data
related to the vibracores. Because most of the
vibracore material would ultimately be processed
for heavy-mineral content, thereby generating a
considerable sample volume, approximate sample
length limits of two meters (maximum) and one
meter (minimum) were established. Sample
intervals generally coincided with lithologic
intervals. Where 2 lithologies had to be combined
in a given sample interval, the “short lithologic
description” field in Appendix B includes both
lithologies.

Subsampling followed the channel method, as
described by Folk (1974), and was done to provide
enough material (about one kilogram) for textural
and component analyses as well as to obtain an
archive sample. Next, the vibracores were
photographed (30 cm interval per frame on color
print film) with a 35mm tripod-mounted camera
(Figure 6), videotaped, and described. After this,
the vibracore samples were transferred into 20 liter
buckets, and bulk weights were obtained. Tap
water was added to the buckets to help disaggregate



Figure 4. Photograph of vibracore sampling area showing a vibracore used in
the study.

Figure 5. Photograph of static-
blade cutter used to open
the vibracores.
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Figure 6. Photographs of typical vibracore lithologies encountered. (A) Sample 719.2, 175-205 cm,
biosparite; (B) Sample 769.3, 360-390 cm, silty clay; (C) Sample 1161.1, 60-90 cm, clean, fine-
grained, shelly quartz sand.



the sediment. The gravel-size and coarser material
(coarser than 2.0 mm, 10 mesh, or -1.0 phi) from
each sample was screened out to determine the
gravel component of the samples. This was also
done to quantify this component of the sediment
and to remove material which would interfere with
further sample processing. This material was
labeled, weighed, described and archived.

SPIRAL CONCENTRATION

Preconcentration of the heavy-mineral fraction
was the next step. This was accomplished by
passing the remaining washed and screened
material (finer than 2.0 mm, or -1.0 phi) through a
spiral apparatus (Figure 7). By design, this spiral
apparatus mixes water with the sample at a constant
rate and thereby produces a slurry of water and
mineral grains. The denser mineral grains pass
along the inside of this three-turn spiral by
centrifugal force while relatively lighter material
passes along the outer portions of the spiral surface.
Normally, when the slurry had reached the second
turn of the spiral, an obvious separation of the
sediment grains was achieved; an inner dark band
(referred to as “spiral concentrate”) of sediment
consisting predominantly of heavy-mineral grains,
and an outer lighter band (the “spiral rejects”
sample) which mainly consisted of shell material
and lighter-weight mineral grains (quartz and
feldspar). A splitter device, located at the base of
the spiral, ultimately separated these bands of
sediment. This device served to channel sediment
grains passing down the spiral into two separate
collection chutes.

In an effort to increase the efficiency of the
spiraling operation, a relatively large “cut” of the
spiral’ concentrate was achieved on an initial
sediment pass through the spiral; a second pass of
the spiral concentrate sample through the spiral,
with a relatively smaller cut, produced the final
spiral concentrate sample (about 300 g dry weight).
Because of the large volume of spiral reject
material (several kilograms dry weight), this split
was homogenized and an aliquot of about 300 g
was taken. Both the spiral concentrate sample and

Figure 7. Photograph of three-turn spiral apparatus
used to preconcentrate heavy-minerals.

the spiral rejects aliquot were processed through
heavy liquid.

HEAVY-LIQUID SEPARATION

The spiral concentrate sample was saved in its
entirety for heavy-liquid separation through
Acetylene Tetrabromide (sp gr = 2.96). The dry
weight (g) of minerals settling through the heavy
liquid column, called SHTBS, provided a
determination of weight percent recovered heavy
minerals (RHM) in the bulk sample. The aliquot
from the spiral rejects was also processed through
heavy liquid. The amount of heavy minerals
obtained from this subsample was weighed and
labeled SLTBS.  The total amount of heavy




minerals present in the entire spiral rejects sample
was extrapolated from the aliquot result.

Summing the SHTBS sample and the
calculated heavy-mineral amount in the spiral
rejects provided a total weight (g) of heavy
minerals in the bulk sample. This total weight of
heavy minerals divided by the bulk sample weight
provides an approximation of the total heavy-
mineral content (THM) for the entire bulk sample
(Appendix A).

Ideally, a low heavy-mineral content in the
spiral rejects is desired. This would indicate an
efficient spiraling operation in that most of the
heavy minerals would be captured in the spiral
concentrate sample. Generally, spiral efficiency
was best for coarser samples and worst for finer-
grained samples.

TEXTURAL DATA

Standard sieve analysis techniques were used
to obtain grain-size data for all clastic samples.
Mean grain size and standard deviation were
calculated using the method of moments, as
reported by Folk (1974). A portion of the channel
sample was used for sieve analysis. Subsamples
were weighed and then wet-sieved to remove
material finer than 0.044 mm (silt and clay) and
material coarser than 2.0 mm (gravel). The

remaining sand-sized material was sieved,
weighed, and archived. For calculation purposes,
the minus 0.044 mm weight was factored back in
to obtain truer grain size data; because the plus 2.0
mm fraction contained mostly shell material and
no mineral grains, its weight was ignored in the
calculations.

Grain-size data on the 19 vibracores reported
in Hoffman and others (1991) were derived
differently. Subsamples from the spiral reject
material were used to obtain grain-size information.
These data were generated by the North Carolina
State University Minerals Research Laboratory
(MRL) in Asheville, North Carolina. The main
difference in the MRL data is that some silt and
clay material was lost because of elutriation during
the spiraling process. This prevented factoring the
silt and clay weights for the calculation process.
Because the silt and clay weights were typically
small, the difference between the two methods was
judged to be insignificant for the purposes of this
study.

A representative split of the channel sample
was used to determine carbonate content by acid
digestion. Samples with high carbonate content
typically have low THM values (Figure 8). Data
for weight percent carbonate and mean grain size
are listed in Appendix C.

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

WT. PERCENT THM

E R R R I I R

WEIGHT PERCENT CARBONATE

Figure 8. Plot of vibracore THM content versus weight percent carbonate.
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MAGNETIC SEPARATION

After the RHM amount was calculated, a 75
percent/25 percent volumetric sample split of the
RHM fraction was performed using a cone splitter.
The 75 percent portion was retained for optical
mineralogy, while the 25 percent portion was split
to obtain 2 approximately equal 12.5 percent
portions which were reserved for future analytical
work and for archival purposes.

Two electromagnetic devices were used to
separate minerals in the optical mineralogy fraction
based upon their magnetic susceptibilities (Figure
9). Amperage settings for the separations were
predetermined (Grosz, Berquist, and Fischler,
1990) to facilitate the identification and semi-
quantification of the minerals present in the heavy-
mineral fractions and to reduce the number of
mineral species in a given magnetic fraction.

The first device used, a Frantz Isodynamic
Magnetic Separator (FIMS) was used for an initial
(ferromagnetic) separation at 0.5 amperes (A). This
separation capitalized on a combination of gravity

WARNING

Figure . Photograp o ectrmnets used in separating minerals: Frantz anec Barrier Laboratory

and magnetic attraction to isolate the most
magnetic minerals within a sample. This was
accomplished by slowly introducing a steady
stream of the entire optical mineralogy fraction for
a given sample into an approximately vertical 1-
inch diameter glass tube, which was attached to
the poles of the magnet (Figure 9). Using this
equipment, the most magnetic minerals
(ferromagnetics) are attracted by the magnetic field
and are suspended within the glass tube. Less-
magnetic material falls through the tube into a
holding vessel, and is held for further processing.
The ferromagnetic fraction is recovered by placing
a clean vessel under the glass tube, and then
powering down the magnet — allowing the
ferromagnetic material to fall. This material was
weighed and labeled.

The remaining material, from the holding
vessel, was processed on a Frantz Magnetic Barrier
Laboratory Separator (MBLS). This separator
allows material to slowly pass through a magnetic-
field along an inclined course. This course is
normally inclined 25 to 30 degrees away from the

Separator (MBLS) shown on the left, and Frantz Isodynamic Separator (FIMS) is on the right.
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magnet, toward the observer, and approximately
10to 15 degrees laterally, toward collection vessels
(Figure 9). With each pass through this separator,
two samples are obtained — a magnetic one and a
less-magnetic one. Material attracted by the
magnetic field traverses close to the magnet poles,
and is channeled into a collection vessel. Relatively
non-magnetic material falls away from the magnet
and is channeled into a different collection vessel.
It is common for some grains to become directly
attached to the magnet. These grains are captured
when the magnet is powered down and are included
in the magnetic fraction for that sample run.

Four passes at successively increasing
amperage levels if 0.2A, 0.4A, 0.6A, and 1.8A
(each using the less magnetic fraction from the
previous step) produce the remaining magnetic
fractions. This process produces sample splits in
a declining order of magnetic susceptibility. The
final step yields 2 fractions, a magnetic one and a
non-magnetic one. In all, 6 magnetic fractions were
generated for each sample having an RHM weight
of 10 g or greater; RHM samples under 10 g were
separated only once on the MBLS at 0.5 A.

On average, the dominant mineral phases in
the separations were as follow: the ferromagnetics
included ilmenite, iron oxides, and trace amounts
of epidote, staurolite (with inclusions), zircon (with
inclusions), and pyroboles; ilmenite and garnet
were in the 0.2 A fraction; ilmenite, staurolite,
garnet, pyroboles (undifferentiated pyroxenes and
amphiboles) and epidote were in the 0.4 A fraction;
epidote, tourmaline, staurolite, and leucoxene
(altered ilmenite) were in the 0.6 A fraction;
leucoxene, aluminosilicates (undifferentiated
kyanite, andalusite, and sillimanite), epidote and
phosphate were in the 1.8 A fraction; and zircon,
aluminosilicates, and phosphate made up the non-
magnetic fraction at 1.8 A.

MINERALOGY
All magnetic fractions were examined under a
binocular microscope with both reflected-light and
transmitted-light capability. Mineral identification

11

was performed by observing the shape, color, and
optical properties of the mineral grains. Short-
wave and long-wave ultraviolet illumination aided
in the identification of monazite and zircon,
respectively. A petrographic microscope was used
to confirm mineral identities. Sixteen mineral
species were consistently categorized and these are
listed in Appendices D, and E. Visual estimation
of the relative mineral abundances in each magnetic
fraction was accomplished by comparing binocular
volumetric estimates to area percentage diagrams
(Terry and Chilingar, 1955). A one-grain-thick
layer was attempted in each magnetic fraction in
order to allow for mineral identification, and
optimal correlation with the area percentage charts.

Weight percent heavy minerals was calculated
by multiplying the volumetric estimate for a given
mineral species by the weight of that magnetic
fraction, and dividing this product by the bulk
sample weight. This is not a true weight percent
but is reported this way to be consistent with other
Atlantic continental shelf workers (Grosz, Berquist,
and Fischler, 1990). To arrive at a relative weight
percent, the difference in densities of the individual
minerals would need to be compensated for. The
difference between the mineral percentages
reported here and computed relative weight
percentages is insignificant for the purposes of this
reconnaissance study. To illustrate this point,
relative weight percentages were calculated for the
heavy minerals on representative samples 724.1
and 733.1 and the results are graphically depicted
in Figures 10A and 10B.

Because it is not feasible to determine absolute
specific gravities for each mineral grain, and the
specific gravity of a given mineral will vary
depending upon such factors as solid solution
substitution, and the presence of inclusions,
average specific gravities (*Klein and Hurlbut,
1977, p. 570-583) were used for these examples
and are listed in Figure 10. Summing mineral
species estimates across all magnetic fractions for
a given sample determined the final heavy-mineral
composition for that sample (Appendix D).
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RESULTS

Data requiring calculations were entered into
a computer spreadsheet, and the results are listed
in Appendices A, C, D, and E. The average THM
content is 0.56 weight percent, with a standard
deviation of 0.48. The maximum and minimum
values are 3.69 (sample 1159.1) and <0.01 (sample
792.2) percent, respectively. These data show that
the heavy-mineral content of the sediments is
variable, and that certain areas and or stratigraphic
units may have greater potential than others. The
economic heavy minerals (EHM) include ilmenite,
leucoxene, zircon, rutile, monazite, and the
aluminosilicates. The EHM of the heavy-mineral
concentrates averaged 44.35 weight percent of the
heavy-mineral fraction in a range of 0.27 to 68.1.

Ilmenite is by far the most abundant mineral
of the EHM, and comprises an average of 26.07
weight percent of the heavy-mineral concentrates.
The remainder of the average EHM content
contains rutile with 5.75 percent, zircon at 5.73
percent, leucoxene with 4.45 percent,
aluminosilicates at 3.54 percent and monazite with
0.36 percent. These values are similar to average
EHM values reported for other Atlantic
Continental Shelf (ACS) data sets (Uptegrove and
others, 1991; Berquist and others, 1991; Grosz,
Nocita, and others, 1989). Other minerals which

have lesser economic significance include
staurolite, tourmaline, and garnet with average
weight percentages of 11.56, 6.29, and 3.61
respectively.

The samples were grouped according to
lithology for a comparison with THM content. The
muddy/silty sands have an average weight percent

- heavy-mineral content of 0.74 (Figure 11) followed

closely by the clean sands with an average heavy-
mineral content of 0.68 weight percent. Mean grain
size for the sands and clays was determined to be
2.74 phi (0.150 mm - fine-grained sand), with a
range of 0.80 phi (0.57 mm) to 4.47 phi (0.045
mm) and a standard deviation of 0.72 phi (0.6 mm).
Grain size analyses indicate that sediments with
heavy-mineral content greater than or equal to 1
percent have mean grain sizes that fall between
the 2.0 phi (0.25 mm) and 4.0 phi (0.0625 mm)
size classes (Figure 12), which are classified as
fine-to very-fine sand, respectively. This trend of
increasing THM content with decreasing grain size
is also present in other ACS data sets (Berquist
and others, 1991; Grosz, Nocita, and others, 1989).

The average zircon-tourmaline-rutile (ZTR)
index (Hubert, 1962) for the quartz sands was
determined to be 30, with a range of 9 to 68.
Generally, samples with increasing depth have

E 0.80 0.68 0.74
0.70 7
[-l o
0.60 7 /
& 0.40
& 0.30
& 0.20 // 0.15 /
£ oo N vl B
CLEAN CARBONATE, MUDDY
QUARTZ (n=47) QUARTZ
SAND, (n=43) - SAND, (n=88)
GENERAL VIBRACORE LITHOLOGY

Figure 11. Histogram showing average THM content by general sediment type.
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Figure 12. Plot of the THM content versus mean grain size (phi).

higher ZTR values (Appendix C) which correlate
with relatively more mature sediments.

CONCLUSIONS

Heavy-mineral resource potential along the
southern inner Continental Shelf of North Carolina
based on this limited sampling, appears to be poor.
The average THM content for 193 samples from
67 vibracores is 0.56 weight percent and is well
below the 4 percent threshold generally considered
to be of interest for economic resource potential
(Garnar, 1978).

Average EHM of the heavy-mineral
concentrates is 44.4 weight percent, with a range
of 0.3 to 68.1 weight percent, and a standard
deviation of 13.2. Ilmenite is the most common
heavy mineral, averaging 26.07 weight percent of
the heavy-mineral concentrates. Grain size data
indicates that fine-grained sands have the greatest
potential for heavy-mineral content.

Further work is needed to outline the
relationship between the stratigraphic framework
and the distribution of heavy minerals along the
southern inner Continental Shelf of North Carolina.
Although the average THM content is not very
promising, there may be selected geographic sites
or stratigraphic units that have more favorable

concentrations of heavy minerals.
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APPENDIX A

Table showing sample number, CERC code, sample length (in cm), water depth of vibracores ( in
feet), bulk sample weight (in g), weight percent of the bulk sample greater than 10 mesh (2 mm)
(gravel), and weight percent total heavy minerals (THM).
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Appendix A

Sample Water Bulk Sample Water Bulk
Sample CERC Length Depth Weight WT'% WT % Sample CERC Length Depth Weight WT % WT %
Number Number _(cm) (ft) () +10mesh THM Number Number _(cm) (ft) () +10mesh THM
719.1 99 150 41 11,960 173 0.74
719.2 149 10,732 70.8 0.18 7531 31 64 43 4,475 28.8 0.28
7241 95 206 51 4,422 305 044 7541 32 210 45 15,950 13.8 042
724.2 177 2,596 39 0.64
724.3 157 2,155 0.8 1.00 754R.1 32 127 45 3,150 0.7 1.98
754R.2 126 7,350 03 0.90
726.1 6 205 57 8,746 0.6 048 754R.3 104 8,350 02 1.35
754R.4 86 4,750 0.1 094
726R.1 6 146 57 6,080 25 0.07
726R.2 134 4,853 33 0.12 755.1 19 176 46 4,634 04 0.09
726R.3 158 6,035 93 0.17 755.2 185 3,821 437 0.05
726R.4 141 6,744 9.6 0.69
756.1 17 177 N/A 12,857 38.1 0.10
727.1 7 167 60 6,650 0.5 0.18 756.2 146 N/A 13402 420 0.07
727.2 169 12,450 438 0.02
72713 . 120 8,950 0.7 0.52 7571 20 140 40 6,901 21.6 039
7274 149 11,850 0.0 023
761.1 38 146 38 9,950 18.7 043
761.2 153 11,450 16.6 0.26
7321 42 154 40 4,025 48.0 0.23
7322 154 2,871 58 0.21 764.1 45 218 32 6,112 13 0.82
7323 126 1,982 173 0.16 764.2 140 12,579 4.8 0.54
764.3 147 5,817 0.6 0.22

733.1 16 170 47 18,336 8.0 2.11
7671 21 201 58 17,541 0.7 1.03

7341 30 115 51 7,108 4.1 184 761.2 126 - 6,762 18 0.54
734.2 117 8,952 238 0.84 767.3 21 92 58 6,185 46.9 0.02
735.1 9 173 54 11,250 4.8 0.86 768.1 25 152 48 12,199 1.0 0.97
735.2 179 6,250 04 0.55 768.2 156 11,702 20 1.17
735.3 103 7,650 11.8 0.70 768.3 155 6,955 132 030
768.4 147 4,510 16.3 0.23
7361 14 148 53 11,550 94 095
736.2 138 11,950 2.7 098 769.1 26 160 41 11,750 0.8 131
769.2 125 8,950 59 039
7381 29 220 58 3,933 153 0.58 769.3 169 7,450 09 0.32
738.2 105 2,309 25 0.67 769.4 145 4,250 0.6 0.26
7383 156 3,099 0.0 0.83
738.4 130 2,523 0.0 0.62 770.1 24 149 31 9,817 0.6 0.20
770.2 151 11,313 18 0.13
740.1° 13 141 53 3,007 3.7 0.87 770.3 111 9,131 4.1 035
740.2 13 183 53 3,140 629 0.03
740.3 202 5,049 58.7 0.02 771.1 46 140 32 2,553 05 1.28
mmM.2 161 3,490 02 047
7421 12 150 53 17,037 8.6 0.46 771.3 152 3,157 0.7 0.65
742.2 251 20,757 - 0.7 0.85 771.4 170 3,798 3.1 0.37
7423 151 11,501 05 0.72 .
772.1 47 109 47 7,783 05 1.06
743.1 15 78 45 4,250 8.2 0.69 772.2 133 9,710 15 112
743.2 76 6,850 36.8 030 772.3 187 16,690 26 1.08
772.4 108 9,910 1.1 0.58

7501 5 220 51 17,050 3.8 0.55
7731 63 222 41 3477 05 044
7511 10 134 52 10250 137 0.74 773.2 99 1,297 53 035
751.2 244 17,150 7.0 1.10 773.3 123 2,165 12 1.09
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Sample Water Bulk
Sample CERC Length Depth  Weight
Number Number _(cm) () &)

774.1 55 260 63 11,244
774.2 224 12,935
774.3 93 6,256
775.1 56 111 75 6,550
775.2 179 9,050
775.3 144 9,750
776.1 57 218 58 12,650
776.2 130 6,350
776.3 176 8,050
7771 58 153 36 2,712
17712 155 2,829
7773 133 1,445
777.4 128 2,096
779.1 62 109 23 1,549
779.2 112 1,943
779.3 142 2,292
780.1 65 112 44 4,990
780.2 256 12,165
780.3 232 16,526
783.1 53 162 37 3,181
783.2 156 2,447
783.3 144 2,010
783.4 152 2,863
785.1 54 91 48 6,108
785.2 207 15,353
785.3 125 8,626
785.4 122 8,331
787.1 59 159 51 10,232
787.2 152 12,758
7873 159 13,708
787.4 145 11,130
792.1 7 149 57 3,573
7922 100 1,763
7923 145 2,936
7924 136 2,730
794.1 68 197 56 18,550
794.2 246 22,150
794.3 150 11,450
795.1 112 203 50 9,895
795.2 136 10,494
7953 124 8971
801.3 52 152 29 9,450
801.4 149 11,250

Appendix A

. Sample Water Bulk

WI% WT% Sample CERC Length Depth Weight WT % WT %
+10 mesh THM Number Number (cm) (ft) (@ +10mesh THM
204 0.53 805.1 70 131 43 1,949 38.6 0.05
1.1 0.28 805.2 130 2,216 5.1 0.01
40.4 0.14 805.3 163 3,095 525 0.02
805.4 135 2,479 88.0 0.01

2.1 0.67
03 0.40 1140.1 79 190 44 4,135 13 0.65
63 0.46 1140.2 122 2,361 9.1 0.44
1140.3 148 2,570 10.2 054

0.5 1.02
12.8 0.21 1143.2 111 76 62 6,237 489 0.52

8.2 042
1144.1 110 107 60 8,858 28.0 0.14
0.8 041 1144.2 97 8,525 13.0 0.17

19 0.53
0.8 042 1145.1 107 149 51 11,150 1.0 0.63
1.0 0.36 1145.2 156 12,150 0.0 1.19
1.0 0.38 1146.1 80 151 59 2,600 33 0.74
13 031 1146.2 148 2,554 51 0.50
0.6 0.26 1146.3 163 3,322 0.6 0.77
1146.4 152 4,065 0.0 0.81

1.0 0.84
0.2 0.27 1147.1 81 133 40 8,850 14.9 0.76
15.8 044 1147.2 172 14,850 50 0.26
55 0.62 1147R.1 81 144 40 10,950 9.8 0.47
34 0.65 1147R.2 150 - 10,750 149 0.78

64 0.77
236 0.34 1148.1 93 138 45 10,660 2.7 0.65
1148.2 160 11,330 49 0.61

7.8 041
153 0.48 1149.1 92 104 44 856 6.5 032
549 0.19 1149.2 162 3,827 8.4 0.29
55.8 0.16 1149.3 153 3,514 0.2 032
11494 156 3,803 0.0 0.26

243 0.46
32 1.10 1150.1 82 96 51 6,350 6.8 0.80
32 0.76 1150.2 82 151 51 9,350 7.1 0.19
0.5 0.36 1150.3 117 6,950 2.8 0.14
1150.4 102 6,050 13.5 0.16

3.6 0.04
18.0 <0.01 1151.1 83 160 51 8,750 35.6 0.05
64.9 0.01 1151.2 161 9,350 24.0 0.05
9.2 0.03 1151.3 150 10,450 30.6 0.10
11514 142 9,250 19.1 0.07

25 0.29
25 0.38 1152.1 91 216 56 13,950 1.0 0.70
1.2 0.20 1152.2 138 8,250 24 1.18
1152.3 153 8,350 0.6 0.61

69.2 0.02
59.2 0.01 1153.1 90 90 60 7,331 132 033
61.1 0.01 1153.2 166 14,240 44 1.08
1153.3 85 15,297 0.6 0.94
2.1 0.54 1153.4 161 11,283 04 0.83

89 1.05
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Sample CERC Length Depth
Number Number _(cm)

1154.1
1154.2
1154.3
1154.4

1155.1
1155.2

1158.1
1158.2
1158.3

1159.1
1159.2
1159.3
1159.4

1160.1
1160.2

106

87

85

84

86

Appendix A

Sample Water Bulk Sample Water Bulk
Weight WT% WT % Sample CERC Length Depth Weight WTI'% WT %
(ft) (8) +10mesh THM Number Number (ecm) _ (ft) (g) +10mesh THM
127 46 2,346 25 0.38 1161.1 105 87 45 7,150 239 0.65
140 2,738 55 043 1161.2 234 20,050 123 0.74
185 1,447 4.1 245 1161.3 194 15,650 11.9 0.53
156 2,662 0.1 1.40
11633 103 144 63 10,834 12 0.90
107 60 7,650 19.5 0.40 1163.4 143 12,850 28 0.96
207 14,950 8.1 0.51
2001R.1 73 203 40 1,586 339 1.12
160 50 11,250 387 0.14 2001R.2 149 3,001 584 0.02
153 10,950 45.8 0.08 2001R.3 145 2,695 63.7 0.03
89 6,750 199 0.17 2001R .4 93 1,759 837 0.01
151 55 1,363 0.3 3.69 20021 102 152 42 3,063 263 0.38
159 3,218 0.0 1.52 2002.2 © 155 3,010 134 041
152 3,203 0.2 1.52 20023 152 3,377 36.2 0.39
93 2,065 0.1 0.87 20024 146 3,956 26.0 047
169 37 10,450 11.1 0.85 AVERAGE VALUE: = 136 0.56
176 12,350 18.2 0.84 MAXIMUM VALUE: 88.0 3.69

MINIMUM VALUE: 00 <0.01
STANDARD DEVIATION:  18.7 0.48
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APPENDIX B

Table showing sample number, reported sediment ages from Meisburger (1979) and Zarra
(unpublished data, 1991), and a short lithologic description for samples in the study.
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Sample Age
Number  (Meisburger)

719.1 Oligocene

719.2 Oligocene

724.1 Miocene

7242 Miocene

7243 Miocene

726.1 Paleocene
726R.1 Paleocene
726R.2 Paleocene
726R.3 Paleocene
726R.4 Paleocene

727.1 Paleocene

727.2 Paleocene

7273 Paleocene

7274 Paleocene

732.1 Cretaceous

7322 Cretaceous

732.3 Cretaceous

733.1 Cretaceous

734.1 Paleocene

7342 Paleocene

735.1 Holocene & Pleistocene

735.2 Holocene & Pleistocene

7353 Paleocene

736.1 Holocene & Pleistocene

736.2 Paleocene

738.1 Holocene & Pleistocene

738.2 Holocene & Pleistocene

738.3 Holocene & Pleistocene

7384 Holocene & Pleistocene

740.1 Holocene & Pleistocene

740.2 Holocene & Pleistocene

740.3 Holocene & Pleistocene

742.1 Paleocene

742.2 Paleocene

Age
(Zarra)
not examined

not examined
Pliocene

Miocene (Pungo River Fm.)
Miocene (Pungo River Fm.)

not examined
not examined
not examined
not examined
not examined

- not examined

not examined
not examined
not examined
Cretaceous (Peedee Fm.)
Cretaceous (Peedee Fm.)
Cretaceous (Peedee Fm.)
not examined
not examined
not examined
not examined
not examined
not examined
not examined

" not examined

Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene .
Pliocene

Pliocene

Pliocene

not examined

not examined

Appendix B

Short Lithologic Description

biomicrudite

biosparite

muddy, sandy, shell hash

muddy, slightly shelly, poorly sorted, medium-grained phosphatic quartz sand

muddy, slightly shelly, poorly sorted, medium-grained phosphatic quartz sand

silty, fine-grained, slightly shelly clay

clay, with sulfer staining

clay, with sulfer staining

clay, with sulfer staining

silty clay, slightly shelly

clay with very fine grained quartz sand partings

bryozoan biosparrudite

muddy, very fine grained, well-sorted, quartz sand

muddy, very fine grained, well-sorted, quartz sand

muddy, poorly sorted, medium quartz sand with shelly and partially indurated zones

muddy, moderately sorted, medium quartz sand

muddy, moderately sorted, fine quartz sand

muddy, moderately well sorted, fine to-coarse-grained, shelly, quartz sand

muddy, fine-grained, shelly, moderately sorted, quartz sand

muddy, fine-grained, very shelly quartz sand / dense clayey silt

clean, well-sorted, fine-grained quartz sand, muddy at base

clay with very fine grained quartz sand partings

muddy, very fine grained quartz sand, glauconitic, calcareous

shelly, muddy, fine-grained, well-sorted, quartz sand

shelly, muddy, fine-grained, well sorted, quartz sand

shelly, muddy, medium quartz sand

slightly shelly, silty, fine quartz sand

silty fine quartz sand

silty fine quartz sand

muddy, moderately well sorted, shelly, medium quartz sand

biomicrudite

biomicrudite

muddy, fine-grained, shelly, moderately well sorted, quartz sand

shelly, fine to granular quartz sand /very fine grained, muddy, slightly shelly
calcareous quartz sand
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Sample Age
Number  (Meisburger)
742.3 Paleocene
743.1 Holocene & Pleistocene
743.2 Holocene & Pleistocene
750.1 Holocene & Pleistocene
7511 Holocene & Pleistocene
751.2 Paleocene
753.1 Eocene
754.1 Paleocene
754R.1 Paleocene
754R.2 Paleocene
754R.3 Paleocene
754R .4 Paleocene
755.1 Eocene
755.2 Eocene
756.1 Holocene & Pleistocene
756.2 Holocene & Pleistocene
757.1 Holocene & Pleistocene
761.1 Holocene & Pleistocene
761.2 Paleocene
764.1 Holocene & Pleistocene
764.2 Holocene & Pleistocene
7643 Holocene & Pleistocene
767.1 Eocene
767.2 Eocene
767.3 Eocene
768.1 Holocene & Pleistocene
768.2  Holocene & Pleistocene
768.3  Holocene & Pleistocene
768.4 Holocene & Pleistocene
769.1 Holocene & Pleistocene
769.2 Holocene & Pleistocene
769.3 Holocene & Pleistocene
769.4 Holocene & Pleistocene

1] ?

Age

(Zarra)

not examined
not examined
not examined
not examined
not examined
not examined

not examined
not examined
not examined
not examined
not examined
not examined

M. Eocene (Castle Hayne Fm.)
M. Eocene (Castle Hayne Fm.)

not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined

not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined

Appendix B

Short Lithologic Description

muddy, very fine grained, slightly shelly, well-sorted, calcareous quartz sand

shelly, muddy, fine to medium quartz sand

sandy biosparrudite

shelly, muddy, fine-to medium-grained, moderately well sorted, quartz sand

slightly muddy, fin-to coarse-grained, shelly quartz sand with carbonate stringers

muddy, well-sorted, fine-to medium-grained quartz sand / basal 30 cm is molluscan-
mold biosparrudite

slightly muddy, medium-to coarse-grained, shelly quartz sand / biomicrite

muddy, shelly, fine-grained quartz sand / basal 20 cm is a moldic biosparrudite

clean, fine-grained, slightly shelly, well-sorted, quartz sand

slightly muddy, fine-grained, slightly shelly, well-sorted, quartz sand

muddy, fine-grained, slightly shelly, well-sorted, quartz sand

slightly muddy, fine-grained, slightly shelly, well-sorted, quartz sand

bryozoan biomicrudite

bryozoan biomicrudite

biomicrite

biomicrite

sandy shell hash

muddy, fine-to coarse-grained, moderately well sorted, quartz sand

muddy, shelly, fine-to coarse-grained quartz sand

muddy, fine to very fine grained, moderately well sorted, quartz sand

muddy, medium-to coarse-grained, shelly, quartz sand

slighty shelly, slightly muddy, moderately sorted, medium-to coarse-grained, loose
quartz sand

muddy, fine-to medium-grained, slightly shelly, quartz sand

shelly, slightly muddy, medium-to coarse-grained, quartz sand

biosparrudite

slightly muddy, fine-grained, shelly, quartz sand

slightly muddy, fine-grained, shelly, quartz sand

silty clay

silty clay, shelly at base

muddy, slightly shelly, fine-to medium-grained, moderately well sorted quartz sand

muddy, slightly shelly, fine-to medium-grained, moderately well sorted quartz sand

silty clay

silty clay
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Sample Age

Number  (Meisburger)
770.1 Holocene & Pleistocene
770.2 Holocene & Pleistocene
770.3 Holocene & Pleistocene
771.1 Holocene & Pleistocene
771.2 Holocene & Pleistocene
771.3 Holocene & Pleistocene
7714 Holocene & Pleistocene
772.1 Holocene & Pleistocene
772.2 Holocene & Pleistocene
772.3 Holocene & Pleistocene
7724 Holocene & Pleistocene
773.1 Holocene & Pleistocene
773.2 Holocene & Pleistocene
773.3 Holocene & Pleistocene
774.1 Plio-Pleistocene
774.2 Plio-Pleistocene
7743 Plio-Pleistocene
775.1 Holocene & Pleistocene
775.2 Holocene & Pleistocene
775.3 Holocene & Pleistocene
776.1 Holocene & Pleistocene
776.2 Holocene & Pleistocene
776.3 Holocene & Pleistocene
777.1 Holocene & Pleistocene
7772 Holocene & Pleistocene
771.3 Holocene & Pleistocene
7774 Holocene & Pleistocene
779.1 Holocene & Pleistocene
779.2 Holocene & Pleistocene
779.3 Holocene & Pleistocene
780.1 Holocene & Pleistocene
780.2 Holocene & Pleistocene
780.3 Holocene & Pleistocene

Age
(Zarra)

not examined
not examined
not examined
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
not examined
not examined
not examined
not examined
Pliocene
Pliocene
Pliocene

not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined

not examined
Holo/Pleistocene
Holo/Pleistocene
Holo/Pleistocene
Holo/Pleistocene
Holo/Pleistocene
Holo/Pleistocene
Holo/Pleistocene
not examined
not examined
not examined

Appendix B

Short Lithologic Description

slightly shelly, medium-grained, very well sorted, loose, quartz sand

slightly shelly, medium-grained, well-sorted, loose, quartz sand

slightly shelly, medium-grained, well-sorted, loose, quartz sand

slightly shelly, loose, well-sorted, fine quartz sand

slightly shelly, loose, well-sorted, fine quartz sand

slightly shelly, loose, well-sorted, fine to medium quartz sand with clay lenses

slightly shelly, loose, well-sorted, medium quartz sand with clay lenses

slightly shelly, fine-to medium-grained, well-sorted, slightly muddy, quartz sand

slightly shelly, fine-to medium-grained, well-sorted, slightly muddy, quartz sand

slightly shelly, fine-to medium-grained, well-sorted, slightly muddy, quartz sand

slightly shelly, medium-to coarse-grained, quartz sand; slightly muddy towards base

slightly shelly, loose, well-sorted, fine quartz sand

shelly, well-sorted, loose, medium quartz sand; 4-cm-thick clay lens at 248-252 cm

muddy, slightly shelly, moderately well sorted, fine quartz sand

muddy, fine-grained, shelly quartz sand / silty clay

muddy, medium-to coarse-grained, shelly quartz sand

sparse biomicrite

shelly, loose, medium-to coarse-grained, well-sorted, quartz sand

silty clay with peat

muddy, shelly, fine-to coarse-grained quartz sand with scattered biomicrite cobbles

well-sorted, very-fine to fine-grained quartz sand, muddy in lower part

shelly, fine-to coarse-grained, loose, moderately well sorted, quartz sand; very shelly
at base '

muddy, shelly, fine-grained quartz sand

shelly, loose, well-sorted, medium quartz sand

shelly, loose, well-sorted, medium quartz sand

shelly, loose, well-sorted, medium quartz sand

shelly, loose, well-sorted, medium quartz sand

shelly, loose, well-sorted, medium to coarse quartz sand

shelly, loose, well-sorted, medium to coarse quartz sand

shelly, loose, well-sorted, medium to coarse quartz sand

slightly muddy, fine-grained, well-sorted, shelly, quartz sand

silty clay, slightly shelly

muddy, fine-to medium-grained, shelly, quartz sand
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Sample Age
Number (Meisburger)
783.1 Holocene & Pleistocene
783.2 Holocene & Pleistocene
783.3 Holocene & Pleistocene
7834 Holocene & Pleistocene
785.1 Plio-Pleistocene
785.2 Plio-Pleistocene
785.3 Plio-Pleistocene
785.4 Plio-Pleistocene
787.1 Oligocene
7872 Oligocene
7873 Oligocene
7874 Oligocene
792.1 Plio-Pleistocene
7922 Plio-Pleistocene
792.3 Plio-Pleistocene
7924 Plio-Pleistocene
794.1 Plio-Pleistocene
7942 Oligocene
794.3 Oligocene
795.1 Plio-Pleistocene
795.2 Plio-Pleistocene
795.3 Plio-Pleistocene
801.3 Holocene & Pleistocene
8014 Holocene & Pleistocene
805.1 Plio-Pleistocene
805.2 Plio-Pleistocene
805.3 Plio-Pleistocene
8054 Plio-Pleistocene
1140.1 Oligocene
1140.2 Oligocene
1140.3 Oligocene

1143.2

Plio-Pleistocene

Age
(Zarra)

Pliocene
Pliocene
Pliocene

Pliocene
not examined

not examined
not examined
not examined
not examined
not examined
not examined
not examined
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
not examined
not examined
not examined

-not examined

not examined
not examined
not examined
not examined
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
Plio-Pleistocene
Pliocene
Oligocene
Oligocene

not examined

“Appendix B

Short Lithologic Description

slightly shelly, muddy, pebbly, poorly sorted fine quartz sand

slightly shelly, muddy, pebbly, poorly sorted fine quartz sand

muddy, shelly, poorly sorted, fine to medium quartz sand; thin interbeds of clay and
coarse quartz sand

muddy, sandy, poorly sorted shell hash

slightly muddy, medium to granular, poorly sorted, shelly, quartz sand; pebble lag at
base

silty, shelly, clay

biomicirte

biomicirte

muddy, fine-to coarse-grained, shelly sand / fossiliferous micrite

muddy, well-sorted, fine-grained, calcareous sand

muddy, well-sorted, fine-grained, calcareous sand

muddy, well-sorted, fine-grained, calcareous sand

biosparrudite

biosparrudite

biosparrudite

biosparrudite

sandy micrite

sandy calcarenite

sandy calcarenite

biomicrudite

biomicrudite

biomicrudite

muddy, fine-to coarse-grained, slightly shelly, quartz sand

muddy, fine-grained, moderately well sorted, shelly quartz sand

biomicrudite

biomicrudite

biomicrudite

biomicrudite

shelly, loose, well-sorted, fine to medium quartz sand

well sorted, carbonate-cemented, very-fine to fine quartz sand

well sorted, carbonate-cemented, very-fine to fine quartz sand

biomicrite
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Sample Age
Number  (Meisburger)
1144.1 Plio-Pleistocene
1144.2 Plio-Pleistocene
1145.1 Oligocene
1145.2 Oligocene
1146.1 Oligocene
1146.2 Oligocene
1146.3 Oligocene
1146.4 Oligocene
1147.1 Oligocene
1147.2 Oligocene
1147R.1 Oligocene
1147R.2 Oligocene
1148.1 Oligocene
1148.2 Oligocene
1149.1 Oligocene
1149.2 Oligocene
1149.3 Oligocene
11494 Oligocene
1150.1 Holocene & Pleistocene
1150.2 Holocene & Pleistocene
1150.3 Holocene & Pleistocene
1150.4 Holocene & Pleistocene
1151.1 Plio-Pleistocene
1151.2 Plio-Pleistocene
11513 Plio-Pleistocene
11514 Plio-Pleistocene
1152.1 Holocene & Pleistocene
1152.2 Holocene & Pleistocene
11523 Holocene & Pleistocene
1153.1 Oligocene
1153.2 Oligocene
1153.3. Oligocene
11534 Oligocene

Age

(Zarra)

not examined
not examined
not examined
not examined
Oligocene
Oligocene
Oligocene
Oligocene
not examined
not examined
not examined

not examined
not examined

not examined
Pleistocene
Oligocene
Oligocene
Oligocene
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined
not examined

Appendix B

Short Lithologic Description

_ calcarenite
sandy calcarenite
muddy, shelly, fine-to medium-grained, well-sorted, quartz sand
muddy, fine-to medium-grained quartz sand :
silty, shelly, well-sorted, fine to medium quartz sand
silty, shelly, well-sorted, fine to medium quartz sand
silty, shelly, well-sorted, fine to medium quartz sand
silty, shelly, well-sorted, fine quartz sand
muddy, fine-to coarse-grained, shelly sand
clean, fine-to coarse-grained quartz sand
slightly muddy, coarse-grained, poorly sorted, shelly quartz sand; dense calc.
siltstone stringers
slightly muddy, coarse-grained, shelly quartz sand; dense calcareous silstone stringers
shelly, fine-to medium-grained, moderately well sorted, slightly muddy, loose quartz
sand
muddy, fine to very fine grained, shelly quartz sand
shelly, loose, moderately well-sorted, medium to coarse quartz sand
shelly, silty, well-sorted, medium quartz sand with carbonate cement
shelly, silty, well-sorted, medium quartz sand with carbonate cement
shelly, silty, well-sorted medium quartz sand with carbonate cement
muddy, shelly, fine-to coarse-grained, moderately well sorted, quartz sand
bryozoan biomicrudite
bryozoan biomicrudite
bryozoan biomicrudite
sparse biomicrite
sparse biomicrite
biomicrite
biomicrite
muddy, shelly, fine-grained, well-sorted, quartz sand
muddy, slightly shelly, fine-grained, well-sorted, quartz sand
very fine grained, sandy clay
shelly, medium to very coarse grained, poorly sorted, loose, quartz sand
muddy, fine-to medium-grained, well-sorted, slightly shelly, quartz sand
muddy, fine to very fine grained, well-sorted, calcareous quartz sand
muddy, fine to very fine grained, well-sorted, calcareous quartz sand
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Appendix B

Sample Age Age _

Number (Meisburger) (Zarra) Short Lithologic Description

1154.1 Oligocene Pliocene shelly, loose, well-sorted, fine quartz sand

1154.2 Oligocene Pliocene shelly, pebbly, muddy, poorly sorted, fine to medium quartz sand
11543 Oligocene Oligocene shelly, muddy, poorly sorted, fine to medium quartz sand

1154.4 Oligocene Oligocene shelly, muddy, poorly sorted, fine to medium quartz sand

1155.1 Holocene & Pleistocene not examined muddy, shelly, fine to pebbly, poorly sorted, quartz sand
1155.2 Holocene & Pleistocene not examined muddy, shelly, fine to pebbly, poorly sorted, quartz sand / calcareous siltstone
stringers
1158.1 Plio-Pleistocene not examined fossiliferous micrite
1158.2 Plio-Pleistocene not examined fossiliferous micrite / bryozoan biomicrudite
1158.3 Oligocene not examined bryozoan biomicrudite / muddy,very fine grained, well-sorted, quartz sand
1159.1 Oligocene Oligocene slightly shelly, silty, well-sorted, fine quartz sand
1159.2 Oligocene Oligocene slightly shelly, silty, well-sorted, fine quartz sand
1159.3 Oligocene Oligocene slightly shelly, silty, well-sorted, fine quartz sand
1159.4 Oligocene Oligocene slightly shelly, silty, well-sorted, fine quartz sand
1160.1 Holocene & Pleistocene not examined muddy, fine-grained, moderately well sorted, shelly, quartz sand
1160.2 Plio-Pleistocene not examined biomicrudite / muddy, very fine grained, well-sorted, quartz sand
1161.1 Holocene & Pleistocene not examined clean, fine-grained, well-sorted, quartz sand
1161.2 Holocene & Pleistocene not examined muddy, fine-grained, shelly, moderately well sorted, quartz sand
1161.3 Holocene & Pleistocene not examined muddy, fine-grained, moderately well sorted, shelly, quartz sand
1163.3 Oligocene not examined slightly muddy, fine-grained, calcareous, quartz sand
1163.4 Oligocene not examined slightly muddy, fine-grained, calcareous, quartz sand
2001R.1 Plio-Pleistocene Plio-Pleistocene muddy, poorly sorted, shelly, fine to medium quartz sand; whole shells
2001R.2 Plio-Pleistocene Plio-Pleistocene biosparrudite
2001R.3 Plio-Pleistocene Plio-Pleistocene biosparrudite
2001R A4 Plio-Pleistocene Plio-Pleistocene biosparite
2002.1 Oligocene Oligocene sandy, molluscan-mold biosparrudite
2002.2 Oligocene Oligocene sandy, molluscan-mold biosparrudite
2002.3 Oligocene Oligocene sandy, molluscan-mold biosparrudite
2002.4 Oligocene sandy, molluscan-mold biosparrudite

Oligocene

o) uy ~ 8

vy
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APPENDIX C

- Table showing sample number, THM content, zircon-tourmaline-rutile index (ZTR) for the quartz
sand samples, mean grain size (in phi units) for all clastic samples, and weight percent carbonate.
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Sample Wt %
Number THM
719.1 0.74
719.2 0.18
724.1 0.44
724.2 0.64
724.3 1.00
726.1 048
726R.1 0.07
T26R.2 0.12
726R.3 0.17
726R .4 0.69
7271 0.18
727.2 0.02
727.3 0.52
7274 0.23
732.1 0.23
732.2 0.21
732.3 0.16
733.1 2.11
734.1 1.84
734.2 0.84
735.1 0.86
735.2 0.55
735.3 0.70
736.1 0.95
736.2 0.98
738.1 0.58
738.2 0.67
738.3 0.83
7384 0.62
740.1 0.87
740.2 0.03
740.3 0.02
742.1 0.46
742.2 0.85
742.3 0.72
743.1 0.69
743.2 0.30
750.1 0.55
7511 0.74
751.2 1.10
753.1 0.28
754.1 042
754R.1 1.98
754R.2 0.90
754R.3 1.35
754R .4 0.94
755.1 0.09
755.2 0.05
756.1 0.10
756.2 0.07
7571 0.39
761.1 043
761.2 0.26
764.1 0.82

Appendix C

. Mean
ZTR Grain CaCo, Sample
Index Size(@) Wt % Number
—_ — 51.3 7642
764.3
—_ — 64.2
767.1
— — 504 2672
2.16 283 7 67.3
24 231 249 ’
768.1
— 420 154
768.2
— 447 18.0 7683
—_ 4.44 234 )
768.4
— — 20.4 269.1
— 355 134 ’
769.2
— 445 18.8
769.3
_ —_ 96.1 760.4
68 3.80 11.1 770'1
55 4.07 8.5 7 0' 2
25 2.60 65.5 7 0‘ 3
28 2.68 69.1 771'1
30 2.70 54.5 771' 2
30 2.26 238 2 1'3
33 2.40 12.0 771'4
36 2.80 34.8 77 2'1
29 3.05 15.1 :
772.2
— 444 13.8 7723
33 2.80 45.0 772‘ 4
25 2.66 133 773' )
28 2.84 171 773‘2
38 1.90 423 773’3
28 2.68 17.6 7 4' ]
26 3.21 19.3 774'2
29 3.20 17.5 7 4'3
27 253 174 ’
775.1
— — 89.7
775.2
—_ — 79.8 775.3
31 222 204 7 6. 1
43 2.88 18.2 7 6. 2
53 3.06 18.7 7 6.3
19 2.63 278 ’
7771
— — 57.0 7772
31 2.30 17.5 777'3
23 291 319 777'4
46 391 443 :
779.1
—_ — 84.6 7792
43 1.83 28.8 779'3
- 10 2.89 4.0 78 0‘ ]
9 243 38 78 0'2
12 247 3.1 78 0‘3
18 2.58 19 )
783.1
— — 93.6
783.2
— — 97.1
783.3
— — 98.7
783.4
— — 99.0
785.1
— —_ 48.5 785.2
32 1.51 425 785.3
33 1.78 278 78 5‘ "
32 296 145 )

— indicates data not determined
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Mean
Wt % ZTR Grain CaCo,
THM Index Size(@) Wt%
0.54 41 242 21.2
0.22 37 1.70 2.7
1.03 35 248 12.1
0.54 34 1.74 5.0
0.02 — —_ 98.4
0.97 27 2.79 10.2
1.17 31 2.73 114
. 030 — 434 17.5
0.23 —_ 4.40 16.7
1.31 21 2.63 13.7
0.39 18 2.29 28.6
0.32 —_ 430 17.1
0.26 — 4.22 13.1
0.20 36 1.78 37
0.13 35 1.49 79
0.35 29 2.13 109
1.28 25 2.76 6.5
047 32 2.73 8.1
0.65 36 1.93 133
0.37 30 241 112
1.06 19 2.81 129
1.12 34 2.60 9.7
1.08 31 2.84 99
0.58 28 1.97 50
0.44 37 2.75 11.7
0.35 26 2.88 204
1.09 28 2.36 133
0.53 21 4.11 124
0.28 35 2.08 204
0.14 — —_ 86.2
0.67 37 248 179
0.40 —_ 3.17 37
0.46 41 2.11 40.2
1.02 32 2.79 14.1
0.21 43 2.29 154
0.42 28 3.65 19.3
041 30 2.15 9.1
0.53 29 2.19 9.9
042 23 236 11.0
0.36 22 2.55 11.7
0.38 45 1.39 15.6
0.31 37 1.49 179
0.26 29 1.72 13.0
0.84 29 2.64 6.6
0.27 —_ 422 16.6
0.44 35 242 33.0
0.62 20 243 9.1
0.65 25 - 3.06 213
0.77 27 212 15.2
0.34 —_ —_ 527
041 34 1.64 9.9
048 —_ 240 342
0.19 —_ —_ 727
0.16 — — 69.2

9y
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Appendix C

Mean Mean

Sample Wt % ZTR Grain CaCO, Sample Wt % ZTR Grain  CaCO,
Number THM Index Size(@) Wt % Number THM Index Size(@) Wt %
787.1 0.46 30 2.30 60.6 1150.2 0.19 — —_ 76.5
787.2 1.10 40 3.31 36.5 1150.3 0.14 —_ — 75.7
787.3 0.76 32 3.27 45.8 1150.4 0.16 L — —_ 72.6
787.4 0.36 22 344 37.8 1151.1 0.05 —_ — '85.5
792.1 0.04 —_ — 94.5 1151.2 0.05 —_ —_ 83.7
792.2 <0.01 — — 97.5 1151.3 0.10 — — 80.8
792.3 0.01 — — 97.3 1151.4 0.07 — — 87.3
7924 0.03 —_ —_ 96.9 1152.1 0.70 37 3.29 13.1
794.1 0.29 — —_ - 68.0 1152.2 1.18 35 341 13.6
794.2 0.38 — —_ 344 1152.3 0.61 —_ 393 172
794.3 0.20 _ —_ 35.7 1153.1 0.33 43 0.80 12.6
795.1 0.02 — — 99.3 1153.2 1.08 30 2.70 17.2
795.2 0.01 _— —_ 99.3 1153.3 0.94 26 3.01 214
795.3 0.01 —_ _ 99.3 1153.4 0.83 23 3.21 252
801.3 0.54 27 3.48 13.6 1154.1 0.38 28 2.64 9.1
801.4 1.05 34 2.69 13.8 1154.2 0.43 25 2.50 94
805.1 0.05 —_ —_ 94.4 1154.3 245 22 293 11.5
805.2 0.01 —_ —_ 92.2 11544 1.40 19 3.14 8.2
805.3 0.02 _ —_ 92.0 1155.1 0.40 29 2.04 42.0
805.4 0.01 —_ — 94.5 1155.2 0.51 20 235 38.2
1140.1 0.65 29 240 12.5 1158.1 0.14 —_— —_ 82.0
1140.2 0.44 31 3.37 41.6 1158.2 0.08 —_ —_ 84.2
1140.3 0.54 31 3.62 404 1158.3 0.17 - —_ —_ 70.1
1143.2 0.52 —_— -— 725 1159.1 3.69 18 3.20 124
1144.1 0.14 —_ — 75.4 1159.2 1.52 12 3.18 11.7
1144.2 0.17 —_ —_ 69.4 1159.3 1.52 26 3.21 10.9
1145.1 0.63 34 3.07 24.8 1159.4 087 - 24 3.29 123
1145.2 1.19 28 3.20 29.0 1160.1 0.85 32 2.69 42.0
1146.1 0.74 29 3.03 344 1160.2 0.84 — —_ 59.2
1146.2 0.50 26 3.24 37.5 1161.1 0.65 38 2.30 30.8
1146.3 0.77 29 3.13 40.6 1161.2 0.74 31 2.21 29.2
1146.4 0.81 27 3.09 24.6 1161.3 0.53 31 2.07 17.5
11471 0.76 42 2.11 274 1163.3 0.90 17 2.28 7.8
1147.2 0.26 36 1.57 34 1163.4 0.96 27 2.38 18.5
1147R.1 0.47 30 2.1 315 2001R.1 1.12 28 2.57 37.2
1147R.2 0.78 27 2.18 333 2001R.2 0.02 — — 974
1148.1 0.65 16 224 16.2 2001R.3 ] 0.03 — —_ 96.3
1148.2 0.61 25 2.78 23.5 2001R.4 0.01 —_ —_ 91.0
1149.1 0.32 40 2.10 24.0 2002.1 0.38 —_ —_ 46.0
1149.2 0.29 30 2.70 38.3 2002.2 041 —_ —_ 26.9
1149.3 0.32 31 2.67 343 2002.3 0.39 —_ —_ 46.4
11494 0.26 30 2.76 28.1 20024 0.47 —_ — 319

1150.1 0.80 48 2.11 13.6
AVERAGE: 0.56 30 274  36.2
MAXIMUM: 3.69 68 4.47 99.3
MINIMUM: <0.01 9 0.80 1.9
STAN.DEV.: 0.48 9 0.72 298

— indicates data not determined
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APPENDIX D

Table showing sample number, THM content, weight percent EHM of the heavy-mineral
concentrates, and weight percentages for the sixteen minerals categorized in this study. The mineral
abundances are expressed as weight percentages of the heavy-mineral concentrates. "ND" means not
detected; trace amounts of minerals are reported as <0.01 weight percent. Mineral species abbreviations
are: MAG=magnetite, [LM=ilmenite, GAR=garnet, STA=staurolite, EPI=epidote, PYR=pyroboles
(undifferentiated pyroxenes and amphiboles), SIK=aluminosilicates (undifferentiated kyanite, sillimanite
and andalusite), TOU=tourmaline, LEU=leucoxene (altered ilmenite), RUT=rutile, ZIR=zircon,
MON=monazite, PHO=phosphate, GLA=glauconite, SUL=sulfides (framboidal pyrite/marcasite),

CAR=carbonate material (generally sulfide-filled foraminiferal tests), and OTH=unidentified mineral
grains.

Summary statistics for the data set are given at the end of the table. "COUNT" in summary statistics
refers to number of samples used in calculations.
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SAMPLE WT% WT% MAG ILM

719.1
719.2
724.1
7242
7243
726.1
T26R.1
T26R.2
726R.3
726R .4
7271
7212
7273
7274
732.1
7322
7323
733.1
734.1
734.2
735.1
735.2
7353
736.1
736.2
738.1
738.2
7383
7384
740.1
740.2
740.3
742.1
7422
7423
743.1
743.2
750.1
751.1
751.2
753.1

0.74
0.18
0.44
0.64
1.00
0.48
0.70
0.12
0.17
0.69
0.18
0.20
0.52
0.23
0.23
0.21
0.16
2.11
1.84
0.84
0.86
0.55
0.70
0.95
0.98
0.58
0.67
0.83
0.62
0.87
0.30
0.20
0.46
0.85
0.72
0.69
0.30
0.55
0.74
1.10
0.28

40.0
485
60.1
639
599
259
20.0
19.2
20.7
412
439
310
122
364
62.2
68.1
519
503
49.7
56.7
39.6
319
21.1
353
474
59.1
57.7
51.2
588
55.1
62.9
21.0
453
594
64.7
34.1
40.2
535
488
51.6
28.8

0.10
0.70
0.10
<0.01
<0.01
0.10
ND
ND
ND
0.42
5.03
3.10
0.56
0.17
ND
0.10
ND
0.20
0.10
0.20
0.30
0.25
0.27
0.60
0.30
ND
ND
ND
ND
ND
ND
ND
<0.01
0.20
0.30
0.60
0.17
0.70
0.70
0.28
0.49

21.02
3249
43.79
46.97
39.10
12.51
ND
ND
ND
3043
9.97
15.08
5.14
14.64
36.72
46.68
28.44
34.20
3248
36.56
25.18
0.15
7.78
19.04
36.84
34.59
37.70
32.85
39.48
35.89
28.22
14.27
28.48
40.68
42.39
19.99
15.29
31.10
31.88
3533
18.83

Appendix D
GAR STA EPI PYR SIK TOU LEU RUT
351 1841 2340 020 216 686 150 561
363 932 2141 020 08 511 228 507
433 665 1370 205 628 177 115 17
529 1738 359 037 58 357 351 263
408 1092 1549 214 552 1.8 525 207
035 268 3220 3454 353 279 268 3.6
ND ND 4708 2536 488 100 580 532
ND ND 4044 3233 722 262 377 434
ND 084 3590 3347 745 418 331 582
541 1095 2007 3.8 310 9.03 270 229
994 994 1992 301 298 696 1.03 2497
199 099 011 099 101 500 ND 99
292 194 250 028 194 1514 ND 5.4
631 356 809 197 066 58 134 336
448 1239 903 209 612 078 868 3.06
219 1344 454 ND 579 320 879 171
498 1777 213 ND 867 1066 7.60 145
1273 1508 404 ND 189 572 567 5.7
202 983 2248 332 295 1053 462 588
1.73 9.5 1524 228 140 323 4389 6.68
069 546 3227 745 329 1150 215 670
1.04 297 2990 2000 201 995 990 1490
502 533 778 ND 28 060 087 433
212 470 2775 1916 152 716 338  6.10
122 1026 792 ND 290 264 140 393
316 11.09 1292 364 229 468 595 591
406 862 1716 ND 624 522 483 467
504 552 1583 575 665 7134 543 336
279 843 1398 198 663 3.19 233 243
1.63 1255 2148 191 195 319 593 235
371 11.14 743 ND 1680 223 629 0.77
1.65 1143 165 ND 316 3.00 135 225
134 915 2712 309 191 1029 562 526
249 1131 1025 ND 237 621 278 9.77
174 826 949 054 124 630 292 789
311 941 1393 2891 228 691 512 115
995 497 1492 994 199 498 099 19.89
214 1489 1963 308 101 368 655 6.01
247 528 1932 1451 155 258 484 485
318 663 930 207 198 991 475 573
1.23 1041 1202 245 331 1175 204 2.4

ZIR MON PHO GLA SUL CAR OTH
NUMBER IHM EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

9.76
7.82
6.56
492
7.85
3.55
3.20
3.84
4.08
2n
5.00
497
ND
16.41
7.39
5.12
5.78
3.35
3.74
7.21
229
495
5.28
5.31
2.30
9.90
4.09
293
7.92
9.00
10.30
ND
4.03
3.83
10.22
5.55
1.99
8.82
5713
3.78
235

ND
ND
0.61
0.80
0.80
ND
0.84
ND
ND
ND
ND
ND
ND
ND
0.26
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.46
0.19
ND
ND
ND
0.51
ND

'ND

ND
ND
ND
ND
ND

" ND

ND
ND

3n
7.23
1.89
4.63
5.19
0.50
ND
ND
ND
4.14
ND
ND
ND
4.05
3.06
5.53
7.23
8.90
1.57
3.69
1.81
1.98
17.66
2417
9.10
242
4.19
7.81
7.00
1.52
423
5.90
1.16
5.08
5.63
2.93
9.94
2.28
1.59
2.58
0.97

ND
ND
ND
0.80
ND
ND
ND
ND
ND
0.50
ND
ND
ND
ND
1.39
ND
213
0.70
ND
ND
ND
ND
10.97
ND
2.60
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.30
ND
ND
ND
ND
ND
ND

0.89

3.30 .

420
0.38
ND
ND
ND
ND
ND
1.90
ND
31.82
63.19
29.54
243
ND
0.87
1.13
ND
6.99
0.11
0.99
29.68
0.80
15.81
0.80
2.10
0.52
0.60
0.46
8.12
29.02
ND
3.03
0.70
0.50
497
ND
2.717
10.70
22.04

1.75
0.77
1.61
0.80
ND
ND
ND
ND
ND
0.16
ND
19.89
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.99
ND
ND
ND
ND
ND
ND
ND
ND
ND
2222
ND
ND
ND
ND
ND
ND
ND
ND
7.64

1.40
0.62
3.70
0.69
0.42
1.49
6.52
5.45
4.96
2.82
1.27
5.10
1.25
4.07
213
3.00
229
1.40
0.56
0.91
1.07
0.20
1.61
1.15
3.06
2.19
0.93
0.98
3.4
2.14
0.26
4.10
2.57
2.18
2.62
0.61

ND
0.73
2.58
3.78
2.21
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Appendix D

SAMPLE WT% WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER IHM EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

754.1 042 548 040 3093 456 795 11.79 5.81 398 846 3.08 740 945 ND 043 052 301 020 257
754R.1 198 387 122 3139 788 232 2662 2044 166 254 144 046 324 046 ND ND ND ND 032
754R.2 090 445 085 3538 677 226 21.73 2073 316 263 238 075 237 050 ND ND 020 ND 047
754R3 135 559 060 4493 643 1.07 1635 1794 234 147 406 1.41 3.18 ND ND ND ND ND 021
754R 4 094 585 325 4498 3.76 1.78 1432 1593 286 212 436 328 296 050 ND ND ND ND 035

755.1 090 60.5 ND 2294 172 1160 1434 115 1706 287 471 853 597 128 ND ND ND 512 272

7552 050 632 ND 2705 451 128 966 193 641 064 5.71 854 1424 129 1.07 ND 107 071 429

756.1 0.10 507 ND 24.03 ND 228 3661 228 239 243 548 1500 358 024 148 ND ND 072 348

756.2 0.70 04 013 036 ND 050 040 ND ND 0.20 ND ND ND ND 098 ND 6864 2973 0.50

757.1 039 488 0.10 2898 2.83 2048 11.04 072 240 1428 453 696 5.89 ND 126 ND ND ND 0.1

761.1 043 555 030 31.84 645 1227 1810 245 426 329 241 1022 6.73 ND 0.8 ND 104 010 0.73

761.2 026 474 0.0 2242 429 1194 2028 563 416 676 522 1061 5.00 ND 076 056 1.69 ND 064

764.1 082 456 010 2870 156 615 2683 576 1.04 952 626 465 498 ND 233 ND ND ND 221

764.2 054 499 <001 30.18 189 939 2246 0.1 297 1300 392 724 553 ND 031 ND ND ND 299

764.3 022 494 <001 2264 379 1346 1748 336 283 11.65 1146 750 484 0.16 ND ND ND ND 083

767.1 1.03 499 0.10 2584 073 7.04 2296 685 440 1147 856 759 3.49 ND 015 ND ND ND 090

767.2 054 537 <001 3002 142 7.04 2275 662 369 844 707 606 682 ND ND ND ND ND 040

7673 020 432 ND 9.87 ND 987 1487 329 342 987 342 1829 821 ND 1171 ND 5.13 171 034

768.1 097 490 090 2953 267 726 2324 891 226 672 749 465 5.04 ND 034 ND ND ND 179

768.2 117 473 010 2731 158 699 2654 597 137 7.09 655 555 6.47 ND 0.64 ND ND ND 394

7683 030 591 020 3028 202 6.68 2524 285 241 3.60 1045 643 949 050 ND ND ND ND 046

768.4 023 544 090 2797 190 9.17 2193 186 382 723 777 6.05 880 040 ND ND 050 ND 332

769.1 131 416 030 2691 1.73 547 34351 540 291 678 542 259 375 ND 322 ND ND ND 126

769.2 039 557 020 3748 1289 280 1841 553 577 338 620 38 245 ND 034 ND ND ND 092

769.3 032 370 010 1500 500 699 3398 7.02 200 5.02 ND 1998  0.10 ND ND ND 49 ND ND

769.4 026 396 050 17.63 1.25 191 3454 1612 247 327 495 987 402 064 ND ND 018 060 3.05

770.1 020 414 010 1500 1.70 1497 2441 228 358 1389 1020 1048 212 060 0.1 ND ND ND 1.08

770.2 0.13 464 <0.01 21.84 1.19 1381 2243 342 385 1080 722 1086 2.64 ND 064 ND ND ND 128

7703 035 482 010 2820 178 699 2746 447 195 7.06 796 530 4381 ND 235 ND ND ND 1.66

771.1 1.28 487 ND 3179 270 11.01 1421 1137 3.03 539 512 3.01 5.1 ND 5.4 ND ND ND 152

771.2 047 555 ND 3295 253 1164 1049 864 688 872 58 396 5.8 ND 145 ND ND . ND 107

7713 0.65 563 ND 3255 257 11.05 8.89 5.81 618 7.85 597 355 8.01 ND 1.03 ND ND ND 6.5

7714 037 580 010 3447 4.08 1147 16.21 192 496 372 491 416 892 061 1.14 ND ND ND 343

7721 1.06 443 0.10 3054 067 984 2958 6.04 1.61 3.69 453 438 327 ND 330 ND ND ND 253

7722 1.12 497 <001 3143 080 922 21.01 580 244 953 552 535 5.00 ND 120 ND ND ND 270

7723 1.08 513 010 33.65 1.05 591 2058 860 219 629 405 671 464 030 062 ND ND ND 5.66

7724 058 545 <001 3592 236 9.07 2611 064 199 474 558 526 565 . 090 031 ND 0.28 ND 201

773.1 044 540 ND 3094 072 906 1656 3.13 596 921 535 344 827 ND 3.06 ND ND ND 430

773.2 035 477 ND 2590 258 892 2350 590 650 784 649 425 452 ND 199 ND ND 090 152

7733 1.09 510 ND 2665 221 1334 1195 844 857 722 610 3.65 6.00 ND 453 ND ND ND 134

774.1 053 408 010 2130 107 728 3241 1141 362 493 498 661 374 056 030 ND ND ND 178
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Appendix D

SAMPLE WT% WT% MAG ILM GAR STA EMI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER TIHM EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%
7742 028 395 <001 2088 462 1877 2055 060 160 1238 364 705 575 057 ND ND ND ND 357
7743 0.14 452 ND 1686 2.02 1349 1500 3.37 163 707 488 1337 846 ND 853 ND 100 365 065
775.1 067 588 020 37.68 163 997 1642 243 366 785 508 693 546 ND ND ND ND ND 2585
775.2 040 590 020 2499 200 1000 15.01 699 200 7.01 500 2498 2.00 ND ND ND ND ND ND
775.3 046 545 010 3472 2.63 11.06 11.56 136 393 754 236 378 9.67 ND 0.78 ND 508 022 5.28
776.1 1.02 525 020 31.17 125 554 2276 873 3.01 622 520 1751 5.56 ND 0.77 ND ND ND 224
776.2 021 470 020 1503 300 999 1999 999 300 999 500 2298 1.00 ND ND ND ND ND 0.10
776.3 042 485 030 27.64 191 7.83 2308 1065 357 612 527 7271 473 ND ND ND 050 ND 183
7771 041 438 ND 2484 266 1829 1648 587 3.07 835 459 384 747 ND 220 ND ND ND 233
7712 053 508 ND 3092 359 1461 2090 027 331 722 523 343 728 065 240 ND ND ND 0.17
7713 042 488 ND 2578 241 1654 1662 5.01 773 638 749 279 5.01 ND 323 ND ND ND 101
7774 036 609 ND 3730 3.02 1222 1183 441 897 437 171 220 4.76 ND 2.06 ND ND ND 115
779.1 038 49.6 ND 2407 661 1928 - 7.15 1.71 1.86 933 342 536 1493 ND 3.78 ND ND ND 250
779.2 031 587 ND 3790 486 1805 9.83 1.27 1.05 487 427 441 11.10 ND 185 ND ND ND 054
7793 026 548 ND 3236 533 1749 1081 253 758 7.69 483 314 691 ND 1.15 ND ND ND 0.19
780.1 0.84 431 <0.01 2255 144 688 3173 6.57 3.83 8.21 390 831 4.56 ND 1.19 ND ND ND 083
780.2 027 540 010 2953 136 9.08 2566 4.16 206 456 6.62 9.01 6.81 ND 0.85 ND ND ND 028
780.3 044 529 020 3339 2.01 850 2097 5.68 172 7.05 430 627 7.8 ND 106 <0.01 133 080 046
783.1 062 352 <001 1384 528 656 2680 1432 623 449 454 248 813 ND 438 ND 185 ND 111
7832 065 372 010 1639 096 4.11 2860 1649 524 773 484 260 8.16 ND 130 ND 198 055 1.03
7833 0.77 422 ND 2159 594 1033 2092 7.16 430 68 437 366 771 052 295 ND 078 017 271
7834 034 410 ND 2012 543 1021 1640 1212 459 364 674 317 642 ND 7.63 ND 172 047 133
785.1 041 450 <001 2373 9.08 928 2269 298 222 1053 579 413 9.09 ND ND ND 046 ND 0.10
785.2 048 482 <001 3376 292 9.67 2128 484 081 805 268 479 6.16 ND 0.18 ND 072 102 3.11
7853 0.19 320 <001 1939 385 1644 17.09 ND 174 8.68 178 282  6.27 ND 1039 020 465 578 1.11
785.4 0.16 336 0.10 2058 246 1821 17.14 ND 1.7 674 262 3.51 5.21 ND 17.10 ND 106 329 038
787.1 046 323 0.10 1855 11.53 1507 1620 1.76 172 9.29 1.51 175 879 ND 359 030 816 090 1.15
787.2 1.10 624 030 4766 232 557 1115 0.12 139 373  3.65 206 7.62 ND 343 ND 747 ND 3.80
7873 0.76 515 <0.01 3372 255 9.00 1844 0.14 0.82 5.81 8.10 143 741 ND 331 ND 5.29 ND 3.96
7874 036 294 010 1528 5.10 1899 29.12 046 1.9 7.68 5.74 1.84 549 ND 4.06 ND 349 ND 1.65
792.1 040 626 ND 3039 276 1382 3.87 ND 0.89 1.66 134 6.71 2326 ND 6.13 ND 134 671 1.11
7922 <001 180 ND 7.00 1.00 8.00 ND ND 500 200 1.00 5.00 ND ND 5.00 ND 5000 1000 6.00
7923 0.10 170 ND 500 200 1000 ND ND 500 3.00 3.00 200 200 ND 3.00 ND 4500 1500 5.00
7924 030 220 5.00 15.00 1.00 5.00 1.00 ND 5.00 ND 1.00 ND 1.00 ND 3.00 ND 2000 28.00 15.00
794.1 029 49.1 0.10 2868 518 1637 1405 080 320 324 438 680 6.04 ND 357 ND 219 1.16  5.06
794.2 038 294 040 1346 436 1440 2187 0.14 194 1029 390 449 5.59 ND 1.03 ND 1326 052 472
794.3 020 429 037 1315 496 1988 0.8 ND 201 1000 691 1982 099 ND 9.88 ND 9.88 1.98 ND
795.1 0.20 7.2 ND 419 034 252 252 050 0.50 1.68 ND 252 ND ND 217 017 7341 9.50 ND
795.2 0.10 03 ND ND ND ND 0.27 ND ND- ND ND 027 ND ND 3.00 ND 69.65 2535 146
795.3 0.10 33 ND 226 ND 0.15 0.30 ND ND ND ND 1.06 ND ND ND ND 4896 4198 5.28
801.3 054 400 020 2196 3.53 8.17 2243 11.09 238 637 431 494 645 ND 145 ND 315 041 335
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Appendix D

SAMPLE WT% WT% MAG ILM GAR STA EPMI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER IHM EHM WI% WI% WI% WI% WI% WI% WI% WI%k WI% WI% WI% WI% WI% WI% WI% WI% WI%

8014 1.05 413 040 2452 336 548 2298 1.77 1.66 828 168 699 643 ND 350 ND 272 032 428
805.1 050 562 ND 3091 503 1797 503 719 7.03 359 281 562 9.84 ND ND ND 281 ND 216
805.2 0.10 520 ND 2700 300 1000 300 7.00 500 300 700 300 1000 ND 7.00 ND 500 500 5.00
8053 020 430 ND 2413 326 9.78 326 3.26 848 457 174 174 696 ND 8.04 ND 1500 804 174
8054 0.10 280 ND 1000 3.00 S5.00 3.00 ND ND 500 500 1000 3.00 ND 5.00 ND 2000 2600 5.00.
1140.1 065 416 ND 2056 333 1962 954 591 431 946 846 238 5.85 ND  6.66 ND ND ND 394
1140.2 044 523 ND 3359 627 1491 47 1.10 596 578 366 330 584 ND 1327 ND ND ND 1.61
1140.3 054 605 ND 3416 4.08 1534 504 ND 1166 524 420 393 6.56 ND 837 ND ND ND 140
1143.2 052 447 0.0 2224 1194 1949 1252 020 3.02 698 2.1 503 1230 ND 376 ND ND ND 057
1144.1 014 322 010 1986 342 19.03 2286 ND 124 690 323 187  6.05 ND 5.86 ND 328 3.02 336
11442 017 266 030 1884 312 18.10 2381 010 096 639 096 149 440 ND 6.53 ND 734 391 414
1145.1 063 274 020 1299 410 1673 1019 0.6 239 866 320 411 468 070 678 <0.01 20.11 ND 5.80
1145.2 1.19 425 020 2591 4.63 2123 1243 <0.01 282 588 38 570 424 ND 680 020 1.05 ND 543
1146.1 0.74 543 ND 3313 7.15 1451 17.67 ND 627 477 523 302 6.70 ND 8.78 ND ND ND 278
1146.2 050 442 ND 2499 540 1630 11.50 ND 474 644 779 37 2.95 ND 1310 0.70 ND ND 3.01
1146.3 077 516 ND 3086 7.05 1690 8.71 ND 436 533 678 310 653 ND 999 025 ND ND 0.4
1146.4 0.81 538 ND 3778 648 1424 9.68 020 390 538 475 274 4.68 ND 1012 0.60 ND ND <0.01
1147.1 076 518 010 1353 7.14 1836 1069 2.23 637 590 543 1648 995 020 237 ND ND ND 153
1147.2 026 449 020 1514 813 830 1798 1097 432 675 452 1421 668 070 0.55 ND 0.21 ND 216
1147R.1 047 411 010 2540 291 2132 1561 030 2.8 787 273 591 419 060 284 ND 493 033 3.02
1147R.2 078 43.1 0.10 2854 533 2060 1515 010 393 7.19 129 508 421 010 462 ND 09 014 291
1148.1 0.65 494 010 3660 1.85 1264 2459 064 287 28 445 213 338 010 7.86 ND ND ND 090
1148.2 061 417 <0.01 29.67 1.03 1229 2836 0.20 120 670 295 317 465 010 403 0.0 ND 233 357
1149.1 032 556 ND 3923 4.00 1601 11.9 ND 399 801 440 299 399 100 440 ND ND ND ND
1149.2 029 495 ND 3050 4.19 1626 6.23 ND 760 7.8 464 175 5.02 ND 1424 080 136 ND 029
11493 032 518 ND 3392 281 1079 5.89 ND 6.87 549 486 305 3.2 ND 2033 030 246 ND 090
1149.4 026 444 ND 2957 374 1323 643 1.01 554 670 2.8 3.05 3.36 ND 2399 048 ND ND <0.01
1150.1 080 603 040 3384 578 5.6 1150 2.60 348 1072 753 910 634 ND 112 ND ND ND 280
1150.2 019 250 020 1000 200 999 7.00 ND 3.00 999 1.00 999 1.00 ND 1998 ND 999 1599 040
11503 014 240 020 1000 200 3198 5.01 0.10 2.01 10.00 ND 999 2.00 ND 1998 ND 500 200 0.10
1150.4 016 260 010 - 500 200 3498 201 <0.01 3.00 1001 1.00 1499 2.00 ND 1999 ND 5.00 ND 010
1151.1 050 267 019 9.87 197 987 1481 099 099 29 099 987 494 ND 494 ND 2666 -9.87 1.08
1151.2 050 260 0.10 15.05 1.00 995 2789 299 100 697 010 995 ND ND 995 ND 1010 499 070
11513 010 379 012 2002 1.00 499 2697 2.03 1.00 498 1.99 1494 ND ND 697 ND 996 5.00 020
11514 070 109 033 496 496 1488 9.92 ND ND 1488 099 496 ND ND 992 ND 2876 496 050
1152.1 070 494 040 2459 371 989 2193 1.23 281 504 384 891 927 ND 136 ND ND <0.01 737
1152.2 1.18 511 030 3044 377 653 2238 228 236 480 271 7.07 8.50 ND 260 043 ND ND 6.10
11523 061 493 020 2984 352 509 2558 1.73 221 534 38 133 609 ND 282 ND ND ND 658
1153.1 033 583 <0.01 3690 378 1540 1190 020 1.02 7.07 339 532 1170 ND 281 ND ND ND  0.69
1153.2 1.08 578 010 3932 1.05 1215 17.15 <0.01 271 373 559 461 5.53 ND 3.17 ND 1.89 ND 3.03
1153.3 094 586 0.10 4392 022 912 1946 <0.01 140 373 6.66 381 281 ND 5.15 ND 1.66 ND 207
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Appendix D

SAMPLE WT% WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER IHM EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

11534 083 534 010 3947 076 1031 2498 060 082 360 571 411 331 ND 3.03 ND 1.60 ND 169
1154.1 038 513 ND 3360 246 1459 19.05 157 324 1751 612 368 4.68 ND 324 ND ND ND 0.26
11542 043 586 ND 3713 358 668 1816 495 566 395 649 347 59 ND 34 ND 037 ND 021
11543 245 451 ND 3046 344 1706 1732 207 336 589 48 211 432 ND 6.85 ND 221 ND 030
11544 140 424 ND 2791 287 1389 2156 497 408 462 410 2381 3.49 ND 555 ND 395 ND 0.20
1155.1 040 519 0.10 3201 672 1126 1325 296 590 6.17 391 6.77 332 ND 225 055 201 020 287
1155.2 051 540 0.0 41.14 804 17.08 946 ND 471 487 3.01 125 392 ND 330 ND 1.06 ND 214
1158.1 014 340 020 1999 5.00 2298 1500 <0.01 1.00 999 1.00 999 2.00 ND 99 ND 100 200 040
1158.2 080 330 010 1999 5.00 1799 1001 ND 100 1001 ND 999 200 ND 999 ND 899 5.00 020
1158.3 017 181 070 206 299 498 3.06 0.10 1.02 507 050 995 498 ND 995 199 3384 1990 ND
1159.1 3.69 460 ND 3179 500 1580 1991 199 3.08 425 535 218 3.59 ND 48 0.1 185 020 0.80
1159.2 152 529 ND 4374 416 1597 1536 232 375 294 270 181 0.91 ND 322 ND 1.56 ND 155
1159.3 152 532 ND 4364 416 1338 16.03 ND 084 619 311 3.0 251 ND 583 ND 0.8 ND 025
1159.4 087 49. ND 3351 040 1374 2224 206 249 595 627 328 359 ND 484 ND 139 ND 023
1160.1 085 511 020 2821 399 1528 1708 269 366 515 418 571 9.30 ND 1.10 ND ND ND 3.4
1160.2 084 428 010 2255 254 1254 1259 ND 293 520 280 562 885 ND 220 063 1685 024 4.4
1161.1 065 375 020 1718 354 1911 1589 0.71 456 1421 340 369 872 ND 741 ND ND ND 156
1161.2 074 464 060 2552 444 2645 1061 0.68 3.91 712 311 483 9.01 ND 203 ND 0.0 ND 218
1161.3 053 503 010 3020 4.14 2634 932 050 385 646 259 417 944 ND 129 ND ND ND 214
1163.3 090 411 <001 2749 239 2790 1639 010 235 468 598 235 295 ND  6.05 ND ND ND 146
1163.4 096 393 020 2506 264 2375 1615 030 063 767 501 370 490 ND 783 ND ND ND 261
2001R.1 1.12 363 ND 1295 7.88 8.11 1782 13.08 224 441 649 460 10.05 ND 531 ND 471 206 0.28
2001R.2 020 320 ND 700 300 7.00 1000 300 500 300 7.00 1000 3.00 ND 7.00 ND 2500 10.00 ND
2001R.3 030 156 ND 568 414 1722 397 284 216 5.68 130 432 216 ND 7.00 ND 2216 1911 227
2001R 4 010 170 ND 7.00 1.00 7.00 _5.00 ND ND 500 300 7.00 ND ND 15.00 ND 1500 2800 7.00
2002.1 038 427 ND 3054 497 2099 1274 ND 218 727 435 193 375 ND 10.88 ND ND ND 041
2002.2 041 472 ND 3019 659 2146 9.65 ND 244 637 726 244 491 ND 641 ND 228 ND <0.01
20023 039 446 ND 2710 732 1728 1472 ND 375 1767 637 283 4.60 ND 640 ND 195 ND 0.10
2002.4 047 49.6 ND 3281 512 17.27 14.67 ND 395 829 376 293 6.15 ND 498 ND ND ND 0.80

COUNT (n): 193 193 124 189 185 190 191 154 187 190 184 191 182 34 168 28 113 65 18
AVERAGE: 0.56 444 024 2607 361 11.56 1628 535 354 629 445 575 573 036 491 093 958 669 215
MAXIMUM: 369 681 5.03 4766 1289 3498 4708 3454 17.06 1514 1146 2498 2326 1.29 2399 1097 7341 4198 1500
MINIMUM: <0.01 03 <001 015 022 050 040 010 0S50 020 010 027 010 010 050 o010 020 010 0.10
STAN.DEV.: 048 132 08 104 24 6.0 88 6.7 24 3.0 22 44 3.0 04 4.5 22 156 9.4 20



APPENDIX E

Table showing sample number, weight percent EHM of the bulk sample, and weight percentages
for the sixteen minerals categorized in this study. The mineral abundances are expressed as weight
percentages of the bulk sample. "ND" means not detected; trace amounts of minerals are reported as
<0.01 weight percent. Mineral species abbreviations are: MAG=magnetite, [LM=ilmenite, GAR=garnet,
STA=staurolite, EPI=epidote, PYR=pyroboles (undifferentiated pyroxenes and amphiboles),
SIK=aluminosilicates (undifferentiated kyanite, sillimanite and andalusite), TOU=tourmaline,
LEU=leucoxene (altered ilmenite), RUT=rutile, ZIR=zircon, MON=monazite, PHO=phosphate,
GLA=glauconite, SUL=sulfides (framboidal pyrite/marcasite), CAR=carbonate material (generally
sulfide-filled foraminiferal tests), and OTH=unidentified mineral grains.

Summary statistics for the data set are given at the end of the table. "COUNT" in summary statistics
refers to number of samples used in calculations.
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Appendix E

SAMPLE WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER EHM WI% WI% WI% WI% WI% WI% WI%WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

-719.1 030 <001 015 030 014 017 <001 020 050 010 040 070 ND 030 ND 010 0.0 010
719.2 090 <001 060 010 020 040 <001 <001 010 <001 010 010 ND 0.10 ND 010 <0.01 <001

T724.1 027 <001 019 020 030 060 010 030 010 010 010 030 <001 0.10 ND 020 0.0 020
7242 041 <001 030 030 011 020 <001 040 020 020 020 030 <001 030 <001 <001 <001 <001
7243 060 <001 039 040 0.11 015 020 050 020 050 020 080 <001 050 ND ND ND <001
726.1 012 <001 060 <001 010 015 017 020 010 010 020 020 ND <0.01 ND ND ND 0.10
T26R.1 0.10 ND ND ND ND 030 020 <001 <001 <001 <001 <001 <001 ND ND ND ND <0.01
726R.2 0.20 ND ND ND ND 050 040 0.0 <001 <001 0.0 <0.01 ND ND ND ND ND 0.10
726R.3 0.30 ND ND ND <0.01 060 060 010 010 010 010 0.10 ND ND. ND ND ND 0.10
726R.4 028 <001 021 040 080 014 030 020 060 020 020 020 ND 030 <001 010 <001 020
7271 0.70 010 020 020 020 030 010 <001 010 <001 040 0.10 ND ND ND ND ND <001
7212 010 <001 <001 <001 <001 <001 <001 <001 <0.01 ND <001 <0.01 ND ND ND 010 <001 <001
7213 060 <001 030 020 010 010 <001 0.0 080 ND 030 ND ND ND ND 033 ND 0.10
7274 080 <001 030 010 010 020 <001 <001 010 <001 010 040 ND 0.10 ND 0.70 ND 0.10
732.1 0.14 ND 080 010 030 020 <001 010 <001 020 010 020 <001 010 <001 0.10 ND <0.01
7322 014 <001 010 <001 030 0.0 ND 010 010 020 <001 0.10 ND 0.10 ND ND ND 0.10
7323 0.10 ND 050 010 030 <0.01 ND 030 020 010 <001 0.10 ND 010 <001 <001 ND <0.01
733.1 106 <001 072 027 032 090 ND 040 012 012 011 070 ND 0.19 0.10 020 ND 030
7341 092 <001 060 040 0.8 041 060 050 019 090 011 070 ND 030 ND ND ND 0.10
7342 048 <001 031 010 o080 013 020 010 030 040 060 0.60 ND 030 ND 0.60 ND 0.10
735.1 034 <001 021 010 050 028 060 030 010 020 060 020 ND 020 ND <0.01 ND 0.10
735.2 0.17 <0.01 <0.01 010 020 016 011 010 050 050 080 030 ND 0.10 ND 0.0 0.10 <001
7353 015 <001 050 040 040 050 ND 020 <001 010 030 040 ND 0.2 080 021 ND 010
736.1 034 <001 0.8 020 040 026 018 010 070 030 060 050 ND 0.20 ND <0.01 ND 0.0
736.2 046 <001 036 010 010 0.80 ND 030 030 010 040 020 ND 090 030 0.15 ND 030
738.1 034 ND 020 020 060 070 020 0.0 030 030 030 060 <0.01 0.10 ND <001 ND 0.10
7382 0.38 ND 025 030 0.60 0.11 ND 040 030 030 030 030 <001 030 ND 0.10 ND 0.10
7383 0.42 ND 027 040 050 013 050 050 060 040 030 020 ND 0.60 ND <0.01 ND 0.10
7384 0.36 ND 024 020 050 090 010 040 020 010 010 050 ND 040 ND <0.01 ND 020
740.1 048 ND 031 0.10 0.11 019 020 020 030 050 020 080 ND 0.10 ND <0.01 ND 020
740.2 0.20 ND 010 <001 <0.01 <0.01 ND <001 <001 <001 <001 <001 <001 <001 ND <0.01 ND <0.01
740.3 0.10 ND <001 <001 <0.01 <0.01 ND <001 <001 <001 <0.01 ND ND <0.01 ND <001 <001 <001
742.1 021 <001 013 010 040 013 010 010 050 030 020 0.20 ND 0.10 ND ND ND 0.10
742.2 051 <001 035 020 010 090 ND 020 050 020 080 030 ND 040 ND 030 ND 020
7423 046 <001 030 010 060 070 <001 010 050 020 060 0.70 ND 040 <001 0.10 ND 020
743.1 023 <001 014 020 060 010 020 020 050 040 0.10 040 ND 0.20 ND <001 ND <0.01
7432 012 <001 050 030 010 040 030 010 010 <001 060 0.10 ND 030 ND 0.10 ND ND
750.1 029 <001 017 010 0.80 011 020 010 020 040 030 050 ND 0.10 ND ND ND <0.01
7511 036 <001 0.23 020 040 014 011 010 020 040 040 040 ND 0.10 ND 0.20 ND 020
751.2 057 <001 039 030 070 010 020 020 011 050 0.60 040 ND 030 ND 0.12 ND 040
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Appendix E

SAMPLE WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

753.1 080 <001 050 <001 030 030 010 010 030 010 010 010 ND <0.01 ND 060 020 0.10
754.1 023 <001 013 020 030 050 020 020 040 010 030 040 ND <001 <001 010 <001 0.10
754R.1 0.76 020 062 016 050 053 040 030 050 030 010 060 010 ND ND ND ND 0.10
754R.2 0.40 010 032 060 020 020 019 030 020 020 010 020 <001 ND ND <0.01 ND <001
754R.3 0.76 010 0.61 090 0.0 022 024 030 020 050 020 040 ND ND ND ND ND <001
754R4 0.55 030 042 040 020 013 015 030 020 040 030 030 <001 ND ND ND ND <001
755.1 0.40 ND 020 <001 010 010 <001 010 <001 <001 010 010 <001 ND ND ND <0.01 <0.01
755.2 030 ND 0.0 <001 0.10 <001 <001 <001 <001 <001 <001 0.10 <001 <0.01 ND <001 <0.01 <0.01
756.1 0.50 ND 0.20 ND <0.01 040 <001 <001 <001 010 010 <001 <001 <001 ND ND <001 <0.01
756.2 <001 <001 <0.01 ND <001 <0.01 ND ND <0.01 ND ND ND ND <0.01 ND 050 020 <0.01
757.1 019 <001 O.11 010 080 040 <001 010 060 020 030 020 ND <0.01 ND ND ND <001
761.1 024 <001 0.4 030 050 080 010 020 010 010 040 030 ND <0.01 ND <001 <0.01 <0.01
761.2 012 <001 060 010 030 050 010 010 020 010 030 0.0 ND <001 <001 <0.01 ND <0.01
764.1 038 <001 024 010 050 022 050 010 080 050 040 040 ND 0.20 ND ND ND 020
764.2 027 <001 0.6 010 050 012 <001 020 070 020 040 030 ND <0.01 ND ND ND 020
764.3 011 <001 050 010 030 040 010 010 030 030 020 010 <001 ND ND ND ND <0.01
767.1 051 <001 027 010 070 024 070 050 012 090 080 040 ND <0.01 ND ND ND 0.10
767.2 029 <001 0.16 010 040 012 040 020 050 040 030 040 ND ND ND ND ND. <0.01
767.3 0.10 ND <0.01 ND <001 <001 <001 <001 <001 <001 <001 <001 ND <0.01 ND <001 <0.01 <0.01
768.1 047 <001 029 030 070 022 090 020 060 070 040 050 ND <0.01 ND ND ND 020
768.2 055 <001 032 020 08 031 070 020 080 080 060 080 ND 0.10 ND ND ND 050
768.3 017 <001 09 010 020 070 010 010 010 030 020 030 <001 ND ND ND ND <001
768.4 013 <001 060 <001 020 050 <001 010 020 020 010 020 <001 ND ND <001 ND 0.10
769.1 054 <001 035 020 070 045 070 040 090 070 030 050 ND 040 ND ND ND 020
769.2 022 <001 014 050 010 070 020 020 010 020 010 0.10 ND <0.01 ND ND ND <001
769.3 012 <001 050 020 020 011 020 010 020 ND 0.60 <0.01 ND ND ND 020 ND ND
769.4 010 <001 050 <001 <0.01 090 040 010 010 010 030 010 <001 ND ND <001 <001 0.10
770.1 080 <001 030 <001 030 050 <001 010 030 020 020 <001 <001 <0.01 ND ND ND <0.01
770.2 060 <001 030 <001 020 030 <001 <001 010 010 0.10 <001 ND <0.01 ND ND ND <0.01
770.3 017 <001 010 010 020 010 020 0.0 020 030 020 020 ND 0.10 ND ND ND 0.10
ma 0.62 ND 040 030 014 0.8 014 040 070 070 040 070 ND 0.70 ND ND ND 020
m.2 0.26 ND 0.15 010 050 050 040 030 040 030 020 030 ND 0.10 ND ND ND <0.01
m.a3 0.36 ND 021 020 070 060 040 040 050 040 020 050 ND 0.10 ND ND ND 040
771.4 021 <001 013 010 040 060 0.0 020 010 020 020 030 <001 <001 ND ND ND 0.10
7721 047 <001 032 010 010 031 060 020 040 050 050 030 ND 040 ND ND ND 030
772.2 056 <001 035 010 010 024 070 030 0.11 060 060 0.60 ND 0.10 ND ND ND 030
772.3 056 <0.01 036 010 060 022 09 020 070 040 070 050 <001 0.10 ND ND ND 0.60
7724 031 <001 021 010 050 015 <001 010 030 030 030 030 <001 <001 ND <001 ND 0.10
773.1 0.24 ND 014 <001 040 070 010 030 040 020 020 040 ND 0.0 ND ND ND 020
773.2 0.16 ND 090 010 030 080 020 020 030 020 010 020 ND 0.10 ND ND <001 0.10
773.3 055 ND 029 020 014 013 090 090 080 070 040 0.60 ND 050 ND ND ND 0.10

)
.
v
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Appendix E

SAMPLE WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
NUMBER EHM WI% WI% WI% WI% WI% WI% WI%WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

7741 022 <0.01 0.1 010 040 017 060 020 030 030 040 020 <001 <0.01 ND ND ND 0.10
774.2 011 <001 060 010 050 060 <001 <001 030 010 020 020 <001 ND - ND ND ND 0.10
774.3 0.60 ND 020 <001 020 020 <0.01 <001 010 010 020 0.0 ND 0.10 ND <0.01 <0.01 <0.01
775.1 039 <001 025 010 0.70 011 020 020 050 030 050 040 ND ND ND ND ND 020
775.2 024 <001 010 010 040 060 030 010 030 020 010 010 ND ND ND ND ND ND
7753 025 <001 016 010 050 050 010 020 030 010 020 040 ND <0.01 ND 020 <0.01 020
776.1 053 <0.01 031 010 060 023 090 030 060 050 080 0.60 ND 0.10 ND ND ND 020
776.2 010 <001 030 010 020 040 020 <001 020 010 050 <0.01 ND ND ND ND ND <0.01
776.3 020 <0.01 0.1 010 030 010 040 010 030 020 030 020 ND ND ND <0.01 ND 0.0
777.1 0.18 ND 010 010 070 070 020 010 030 020 020 030 ND 0.10 ND ND ND 0.10
777.2 0.27 ND 016 020 0.80 011 <001 020 040 030 020 040 <001 0.10 ND ND ND <0.01
7713 020 ND o.11 010 070 070 020 030 030 030 010 020 ND 0.10 ND ND ND <0.01
7774 0.22 ND 0.13 010 040 040 020 030 020 030 010 020 ND 0.10 ND ND ND <0.01
779.1 0.19 ND 090 020 070 030 010 010 040 010 020 060 ND 0.10 ND ND ND 0.10
779.2 0.18 ND 012 020 060 030 <001 <001 020 010 010 030 ND 0.10 ND ND ND <0.01
779.3 0.14 ND 080 010 050 030 010 020 020 010 010 020 ND <0.01 ND ND ND <0.01
780.1 036 <001 019 010 060 027 060 030 070 030 070 040 ND 0.10 ND ND ND 0.10
780.2 015 <001 080 <001 020 070 010 010 010 020 020 020 ND <0.01 ND ND ND <0.01
780.3 023 <0.01 0.15 010 040 090 020 010 030 020 030 030 ND <0.01 <001 0.0 <001 <0.01
783.1 022 <001 090 030 040 017 090 040 030 030 020 050 ND 030 ND 0.10 ND 0.10
783.2 024 <0.01 011 010 030 019 011 030 050 030 020 050 ND 0.10 ND 010 <001 0.10
783.3 032 ND 017 050 080 016 060 030 050 030 030 060 <001 020 ND 010 <0.01 020
783.4 0.14 ND 070 020 030 060 040 020 010 020 010 020 ND 030 ND 010 <001 <0.01
785.1 018 <001 010 040 040 090 010 010 040 020 020 040 ND ND ND <0.01 ND <0.01
785.2 023 <00 016 010 050 010 020 <001 040 010 020 030 ND <0.01 ND <001 <0.01 0.10
785.3 060 <001 040 010 030 030 ND <001 020 <001 010 0.0 ND 020 <001 010 0.10 <001
785.4 060 <001 030 <001 030 030 ND <001 010 <001 010 0.10 ND 030 ND <0.01 0.10 <0.01
787.1 015 <001 08 050 070 070 0.0 010 040 010 010 040 ND 020 <001 040 <001 0.10
787.2 069 <001 053 030 060 012 <0.01 020 040 040 020 030 ND 040 ND 0.80 ND 040
7873 039 <001 026 020 070 014 <001 010 040 060 010 0.0 ND 030 ND 040 ND 030
787.4 011 <001 060 020 0.70 0.1 <001 <001 030 020 010 020 ND 0.10 ND 0.10 ND 0.10
792.1 030 ND 010 <001 010 <0.01 ND <001 <001 <001 <001 010 ND <0.01 ND <001 <0.01 <0.01
792.2 <0.01 ND <0.01 <0.01 <0.01 ND ND <001 <001 <0.01 <0.01 ND ND <0.01 ND <0.01 <0.01 <0.01
7923 <0.01 ND <0.01 <0.01 <0.01 ND ND <0.01 <001 <001 <001 <0.01 ND <0.01 ND <0.01 <0.01 <0.01
792.4 010 <0.01 <0.01 <001 <0.01 <0.01 ND <0.01 ND <0.01 ND <0.01 ND <0.01 ND 010 0.10 <0.01
794.1 014 <001 080 010 050 040 <001 0.10 010 010 020 020 ND 0.10 ND 010 <001 0.10
794.2 011 <001 050 020 060 080 <001 010 040 010 020 020 ND <0.01 ND 050 <001 020
794.3 090 <0.00 030 010 040 <0.01 ND 010 020 010 040 000 ND 0.20 ND 020 <001 ND
795.1 <0.01 ND <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 ND <0.01 ND ND <001 <001 010 <001 ND
795.2 <0.01 ND ND ND ND <0.01 ND ND ND ND <001 ND ND <0.01 ND 010 <001 <0.01
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Appendix E

SAMPLE WT% MAG ILM GAR STA EPI PYR SIK TOU LEU RUT .ZIR MON PHO GLA SUL CAR OTH
NUMBER EHM WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

7953 <0.01 ND <001 ND <001 <001 ND ND ND ND <001 ND ND ND ND 010 0.0 <0.01
801.3 021 <001 012 020 040 012 060 0.10 030 020 030 030 ND 0.10 ND 020 <001 020
801.4 043 <001 026 040 060 024 080 020 09 020 070 070 ND 040 ND 030 <001 040
805.1 0.30 ND 020 <001 010 <001 <001 <001 <001 <001 <001 0.10 ND ND ND <0.01 ND <001
805.2 <0.01 ND <001 <001 <001 <001 <001 <001 <001 <001 <001 <0.01 ND <0.01 ND <001 <001 <0.01
805.3 0.10 ND 0.0 <001 <001 <001 <001 <001 <001 <001 <001 <001 ND <001 ND <001 <001 <001
805.4 <0.01 ND <001 <001 <001 <001 ND ND <001 <001 <0.01 <0.01 ND <001 ND <001 <001 <001
1140.1 0.27 ND 013 020 013 060 040 030 060 060 020 040 ND 040 ND ND ND 030
1140.2 0.23 ND 014 030 060 020 <001 030 020 020 010 030 ND 0.60 ND ND ND 0.0
1140.3 033 ND 018 020 08 030 ND 060 030 020 020 040 ND 050 ND ND ND 0.10
1143.2 023 <001 011 060 010 060 <001 020 040 010 030 060 ND 020 ND ND ND <0.01
1144.1 040 <001 030 <001 030 030 ND <001 010 <001 <001 0.0 ND 0.10 ND <001 <001 <0.01
1144.2 050 <001 030 010 030 040 <001 <001 0.10 <001 <001 0.0 ND 0.10 ND 010 010 0.10
1145.1 017 <001 080 030 010 060 <001 010 050 020 030 030 <001 040 <001 012 ND 040
1145.2 050 <0.01 031 050 025 015 <001 030 070 050 070 050 ND 080 <001 0.10 ND 0.60
1146.1 0.40 ND 024 050 0.11 060 ND 050 040 040 020 050 ND 0.60 ND ND ND 0.20
1146.2 0.22 ND 012 030 08 060 ND 020 030 040 020 010 ND 060 <001 ND ND 0.10
1146.3 0.40 ND 024 050 013 070 ND. 030 040 050 020 050 ND 080 <001 ND ND <001
1146.4 0.44 ND 031 050 012 080 <001 030 040 040 020 040 ND 080 <001 ND ND <0.01
1147.1 039 <001 010 050 014 080 020 050 040 040 013 080 <001 020 ND ND ND 0.10
1147.2 012 <001 040 020 020 050 030 010 020 010 040 020 <001 <001 ND <0.01 ND 0.10
1147R.1 019 <001 012 010 010 070 <001 010 040 010 030 020 <001 0.10 ND 020 <001 0.10
1147R.2 033 <001 022 040 016 012 <001 030 060 0.10 040 030 <001 040 ND 010 <001 020
1148.1 032 <001 024 010 080 016 <001 020 020 030 010 020 <001 050 ND ND ND <0.01
1148.2 025 <001 0.8 010 070 017 <001 010 040 020 020 030 <001 020 <001 ND 010 020
1149.1 0.18 ND 012 010 050 040 ND 020 030 010 010 010 <001 010 ND ND ND ND
1149.2 0.14 ND 090 0610 050 020 ND 020 020 010 010 010 ND 040 <001 <001 ND <0.01
1149.3 0.16 ND 0.1 010 030 020 ND 020 020 020 010 0.10 ND 060 <001 0.10 ND <0.01
1149.4 0.12 ND 080 010 030 020 <001 010 020 010 0.10 0.10 ND 060 <001 ND ND <0.01
1150.1 048 <001 027 050 040 090 020 030 090 060 070 050 ND 0.10 ND ND ND 020
1150.2 040 <001 020 <001 020 010 ND <001 020 <001 020 <0.01 ND 040 ND 020 030 <0.01
1150.3 040 <001 010 <001 050 0.0 <001 <001 010 ND 010 <001 ND 030 ND 010 <001 <001
1150.4 040 <001 0.10 <001 060 <001 <001 <001 020 <001 020 <001 ND 030 ND 0.10 ND <001
1151.1 010 <001 <001 <001 <0.01 010 <001 <001 <001 <001 <001 <0.01 ND <001 ND 010 <001 <001
1151.2 0.10 <001 010 <001 0.10 010 <001 <001 <001 <001 010 ND ND 0.10 ND 010 <001 <0.01
1151.3 040 <001 020 <001 <001 030 <001 <001 <001 <001 010 ND ND 0.10 ND 010 <001 <001
11514 010 <001 <001 <001 010 010 ND ND 010 <0.01 <0.01 ND ND 0.0 ND 020 <001 <001
1152.1 034 <001 017 030 070 015 0.0 020 030 030 060 0.60 ND 0.10 ND ND <001 050
1152.2 060 <001 036 040 080 026 030 030 060 030 080 0.10 ND 030 010 ND ND 0.70
11523 029 <001 018 020 030 015 010 010 030 020 040 040 ND 020 ND ND ND 040
1153.1 019 <001 012 010 050 040 <001 <001 020 010 020 040 ND 0.10 ND ND ND <001
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SAMPLE WT%

NUMBER EHM
11532 062
11533 055
11534 044
11541 020
11542 025
11543 111
11544 060
1551 021
11552 027
11581 050
11582 030
11583 030
1159.1 1.70
11592 080
11593 081
11594 043
11601 043
11602 035
1161.1 0.24
11612 034
11613 027
11633 037
11634 038

2001R.1 0.41

2001R.2 0.10
2001R.3 <0.01
2001R4 <0.01

2002.1 0.16
2002.2 0.19
20023 0.18
20024 0.23

COUNT (n): 193
AVERAGE: 0.26
MAXIMUM: 170
MINIMUM: <0.01
STAN.DEV.: 0.4

MAG ILM GAR
<001 042 0.10
<001 041 <0.01
<001 033 0.10

ND 013 0.10
ND 0.16 0.20
ND 0.75 0.80
ND 0.39 0.40
<001 0.13 0.30
<001 021 0.40
<001 030 0.10
<001 020 <001
<001 <001 0.10
ND 117 0.18
ND 0.66 0.60
ND 0.66 0.60
ND 029 <0.01
<001 024 0.30
<001 0.19 0.20
<001 0.11 0.20
<0.01 019 0.30
<001 0.16 0.20
<0.01 025 0.20
<001 024 0.30
ND 014 0.90
ND <0.01 <0.01
ND <0.01 <0.01
ND <001 <0.01
ND 0.2 0.20
ND 012 0.30
ND 0.1 0.30
ND 0.15 0.20
124 189 185
<001 0.17 0.20
030 117 0.27
<001 <0.01 <0.01
<0.01 0.17 0.30

STA EPI PYR

0.13
0.90

0.18
0.18
0.21
0.70
0.80
0.43
0.30
0.50
0.50
0.20
0.10
0.10
0.74
0.23
0.24
0.19
0.14
0.10
0.10
0.80
0.50
0.15
0.15
0.20
<0.01
<0.01
<0.01
0.50
0.40
0.60
0.70

191
0.10
0.74

<0.01
0.10

<0.01
<0.01
0.10
0.10
0.20
0.50
0.70
0.10
ND
<0.01
ND
<0.01
0.70
0.40
ND
0.20
0.20
ND
<0.01
0.10
<0.01
<0.01
<0.01
0.15
<0.01
<0.01
ND
ND
ND
ND
ND

154
0.30
0.40

<0.01
0.50

Appendix E

SIK TOU LEU RUT ZIR MON PHO GLA SUL CAR OTH
WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI% WI%

0.30
0.10
0.10
0.10
0.20
0.80
0.60
0.20
0.20
<0.01
<0.01
<0.01
0.11
0.60
0.10
0.20
0.30
0.20
0.30
0.30
0.20
0.20
0.10
0.20
<0.01
<0.01
ND
0.10
0.10
0.10
0.20

187
0.20
0.11

<0.01
0.20

0.40
0.40
0.30
0.30
0.20
0.14
0.60
0.20
0.20
0.10
0.10
0.10
0.16
0.40
0.90
0.50
0.40
0.40
0.90
0.50
0.30
0.40
0.70
0.50
<0.01
<0.01
<0.01
0.30
0.30
0.30
0.40

190
0.30
0.19

<0.01
0.30

0.60
0.60
0.50
0.20
0.30
0.12
0.60
0.20
0.20
<0.01
ND
<0.01
0.20
0.40
0.50
0.50
0.40
0.20
0.20
0.20
0.10
0.50
0.50
0.70
<0.01
<0.01
<0.01
0.20
0.30
0.20
0.20

184
0.30
0.20

<0.01

0.50
0.40
0.30
0.10
0.10
0.50
0.40
0.30
0.10
0.10
0.10
0.20
0.80
0.30
0.50
0.30
0.50
0.50
0.20
0.40
0.20
0.20
0.40
0.50
<0.01
<0.01
<0.01
0.10
0.10
0.10
0.10

191
030
0.13

<0.01

0.60
0.30
0.30
0.20
0.30
0.11
0.50
0.10
0.20
<0.01
<0.01
0.10
0.13
0.10
0.40
0.30
0.80
0.70
0.60
0.70
0.50
0.30
0.50
0.11
<0.01
<0.01
ND
0.10
0.20
0.20
0.30

182
0.30
0.13

<0.01
0.20

Z22ZZZ
(ARl

ND

§585585885855555883

0.30
0.50
0.30
0.10
0.10
0.17
0.80
0.10
0.20
0.10
0.10
0.20
0.18
0.50
0.90
0.40
0.10
0.20
0.50
0.10
0.10
0.50
0.70
0.60
<0.01
<0.01
<0.01
0.40
0.30
0.30
0.20

168
0.20
0.19

<0.01
0.30

33323535333

s

CEEE:

(=]
—
(=]

CEEEEEEEEEEEEE

0.20
0.20
0.10
ND
<0.01
0.50
0.60
0.10
0.10
<0.01
0.10
0.60
0.70
0.20
0.10
0.10
ND
0.14
ND
<0.01
ND
ND
ND
0.50
<0.01
0.10
<0.01

0.10
0.10

13
0.20
0.33

<0.01
0.40

0.30
0.20
0.10
<0.01
<0.01
<0.01
<0.01
0.10
0.10
<0.01
<0.01
ND
<0.01
0.20
<0.01
<0.01
0.30
0.40
0.10
0.20
0.10
0.10
0.20
<0.01
ND
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

185
0.10
0.70

<0.01
0.10



The Geological Survey Section examines, surveys, and maps the geology,
mineral resources, and topography of the state to encourage the wise
conservation and use of these resources by industry, commerce, agriculture, and
government agencies for the general welfare of the citizens of North Carolina.

The Section conducts basic and applied research projects in environmental
geology, mineral resource exploration, and systematic geologic mapping.
Services include identifying rock and mineral samples submitted by citizens and
providing consulting services and specially prepared reports to agencies that
need geological information.

The Geological Survey Section publishes Bulletins, Economic Papers,
Information Circulars, Educational Series and Geologic maps. For a list of
publications or more information about the Section, contact the Geological Survey
Section, Division of Land Resources, at Post Office Box 27687, Raleigh, North
Carolina 27611-7687 or call (919) 733-2423.

Jeffrey C. Reid
Chief Geologist




