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PREFACE

The five papers presented in this volume report on the results of heavy-mineral inves-
tigations in the inner continental shelf of Virginia. The investigations were conducted by the
Virginia Division of Mineral Resources (VDMR) and the Virginia Institute of Marine
Science (VIMS) for the period January, 1985 through December, 1989. The investigations
were accomplished in cooperation with the U.S. Department of Interior, Minerals Manage-
ment Service (MMS) who provided partial funding for the projects.

The cooperative efforts of VDMR/VIMS and MMS was accomplished through the
Association of American State Geologists (AASG). Through a cooperative agreement
between the Continental Margins Committee of the AASG and participating state geological
surveys, the states have conducted investigations related to petroleum resources and/or
strategic/critical mineral resources. The program is coordinated by the Texas Bureau of
Economic Geology, The University of Texas at Austin by subagreements with each of the
participating states.

The Continental Margins Program has given the states the opportunity to study resources
in their coastal areas, both onshore and in the nearshore and offshore areas. The investiga-
tions reported on in this volume represents the research conducted for Years 2,3, and 5 of
the cooperative agreement under agreements 14-12-0001-30115, 14-12-0001-30296, and
14-12-0001-30387.
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ABSTRACT paper presents a discussion of a portion of the sub-bottom

Side-scan sonography of the innermost continental shelf
between Cape Henry and the Virginia-North Carolina border
depicts a relatively typical inner shelf bottom generally char-
acterized by medium density, meso-scale roughness. Sub-
bottom acoustic profiles depict the stratigraphy as a Tertiary-
age basement separated from Quaternary-age deposits by a
regional, angular(?) unconformity. Holocene-age sediments
form a discontinuous layer above another unconformity. The
area’s topography appears to be a function of the presence of
the modern sediments.

INTRODUCTION

We collected approximately 534 km (276 n mi) of acous-
tic-survey line over the innermost continental shelf between
the mouth of Chesapeake Bay and the Virginia-North Caro-
lina boundary during July and August 1987 (Figure 1). This

profiles as well asa qualitative report on the side-scan sonogra-
phy obtained during that survey. Additionally, the paper
includes a discussion of the occurrence of heavy minerals in
relation to seismic stratigraphy.

The ficld work was a collaborative effort of two projects:
one a joint Virginia Institute of Marine Science (VIMS) and
Virginia Division of Mineral Resources (VDMR}) study of the
distribution of heavy minerals (Berquist and Hobbs, 1986,
1988a, 1988b), the other, a study by VIMS for the City of
Virginia Beach of offshore reserves of sand potentially avail-
able for nourishment of the city’s public beaches (Kimball
and Dame, 1989). As part of the overall combined study, we
also collected approximately two dozen vibracores across the
survey area (Figure 1).

The area of geophysical investigation generally is in-
shore of that discussed by Shideler and others (1972) and
Swift and others (1977) but does include the shoreface ridge
system at False Cape (Swift and others, 1972). The shallow,
sub-bottom profiles presented in this study add shallow detail

! Virginia Institute of Marine Science, School of Marine Science, College of William and Mary, Gloucester Point, Virginia
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2 VIRGINIA DIVISION OF MINERAL RESOURCES

to, and confirm, the earlier interpretations. Additionally, the
present work provides a shoreward extension of the existing
data,

As well as the work of Swift and others (1972, 1977),
Shideler and others (1972), and Kimball and Dame (1989),
there have been several other studies of the submarine geol-
ogy of the area. Meisburger (1972) reported on the sediments
and geomorphology in the immediate vicinity of the entrance
of Chesapeake Bay. Hobbs and others (1984) and Kimball
and others (1989) discussed resources of sand within the
southernmost portion of Chesapeake Bay. Berquist (1986),
Hobbs and others (1986), Colman and Hobbs (1987), and
Colman and others (1988) refined the understanding of the
geology of the bay mouth. Williams (1987) presented seismic
and core data for the area adjacent to, and northeast of, the area
of thispresent study. Bowen and Swean (1985) presented data
on the subsurface of a portion of the area associated with the
Cape Henry navigation channel.

Terrestrial studies beginning with Oaks and Coch (1973),
proceeding through the various works of Johnson and others
(1982, 1985), and summarized by Peebles (1984) provide
further background data that can be extended offshore to
enhance the interpretations.

GEOPHYSICAL SURVEYS

The surveys were performed from the VIMS’s R/V Bay
Eagle using a Datasonics SBP-5000 sub-bottom profiling
system and an EG&G SMS-960 side-scan sonar system. (The
use of trade names is for descriptive purposes only and does
notimply endorsement of the products by either agency.) The
primary navigation system was the ship’s loran-c supple-
mented, at times, by a locally configured Del Norte system.
Location fixes were recorded at five minute intervals except
in some areas off Sandbridge and Rudee Inlet where the
interval was two minutes. The sub-bottom survey was de-
signed in two phases, one before and the other after coring.
This was done in order to provide guidance for placement of
the cores and then to derive the maximum information in those
areas suggested by preliminary interpretation of the combined
core and early seismic data.

The sub-bottom profiling system consisted of a Datason-
ics SBT-220 transceiver, a TTV-120 transducer vehicle, and
either or both an EPC-3200 or EPC-4800 graphics recorder.
The transceiver-transducer system is a dual frequency ar-
rangement with one frequency selectable at 3.5, 5, or 7 kHz,
the other preset at 200 kHz. Most of the profiling was done
using arecorder sweeprate of one-cighth of asecond (125 ms)
yielding a potential full-scale record of approximately 90 m,
assuming an acoustic velocity of 1500 ms™; the actual record
seldom exceeded 30 m. Most of the profiles were recorded si-
multaneously on the two graphics recorders.

The near planimetrically correct sonographs were re-
corded in real time on electrostatic paper. The data were not
recorded on magnetic media. The sea-floor mapping system
uses a 105 kHz EG&G Model 272 tow fish. Sea-floor
mapping was done ata 100 m half width (200 m full swath).

Side-scan sonography provides a suite of information
concerning the character of the bottom surface, By graphi-

cally depicting the return strength of a "fan-shaped", acoustic
signal transmitted perpendicular to the ship’s track, the sonogra-
phs provide a general indication of the condition of the bottom
(Williams, 1982; Duane, 1987; Duane and Stubblefield, 1988).
The system relies more upon energy reflected by grain faces
(backscattered) than directly reflected from the broad surface
of the sea floor. A strong (return) signal suggests a relatively
hard, coarse-grained bottom and a weak signal suggests a
softer, finer-grained, muddy bottom (Hobbs, 1986; Wright
and others, 1987). The sonographs also depict large-scale
elements of bottom roughness: bedforms, as a function of
variations in backscattered and reflected energy; and the
occurrence of acoustic shadow zones caused by topographic
highs. Side-scan sonographs also depict man-made bottom
features and artifacts. The side-scan survey was areconnais-
sance survey, a secondary objective to be run coincidentally
with the sub-bottom profiling and not as a site specific,
detailed study; thus the track lines were not spaced to allow
overlapping (really side-lapping) images. Thus it usually is
not possible to trace specific features from track line to track
line; it is possible, however, to correlate or trace trends or
groups of features.

Analysis of the sonographs is qualitative and subjective.
The analyst sketches observations and interpretations of the
images recorded on the sonographs onto a basemap contain-
ing the track lines and navigation fixes. The analyst looks for
correlation of features and observations on adjacent and
crossing lines as well as for broader patterns or trends. The
end products are an interpretative map of the bottom and a
discussion of general and, where possible, specific elements
depicted by the imagery. Although quantitative analysis of
some aspects, for example, height of some features above a
level sea floor, 1s possible, it neither was seen as necessary nor
undertaken for this project. No attempt was made to estimate
the sediment type as suggested by the sonographs on a broad
areal basis.

The cores were taken with a9 cm (3.5in) inside diameter
Vibracorer operated from the R/V Atlantic Twin. The maxi-
mum length of the cores is 6.1 m (20 ft); although in some
instances it was possible to approach that maximum only by
jetting and obtaining multiple sections. In the laboratory, the
split cores were analyzed only as to gross lithology (Berquist
and Hobbs, 1988b).

RESULTS AND DISCUSSION

Side-scan sonography: Side-scan sonography is of inter-
est in two aspects of the study of offshore heavy-minerals.
Knowledge of the bottom grain-size characteristics and pres-
ence or absence of bedforms can provide information con-
cerning the occurrence of heavy minerals. The minerals
might be concentrated in sediments of a particular texture or
the processes that created and maintain the bedforms might be
responsible for concentrating particular suites of minerals.
Knowledge of bedforms as indicators of a potentially active
bottom would be important to those parties concerned with
dredging or otherwise working the bottom should heavy
minerals of economic interest be present. Additionally,
should there be evidence of use of the bottom by man, it would




PUBLICATION 103 3

36°55'

AREA SHOWN IN FIGURE 4

. 36°50"

’; 36°45'

.. AREA SHOWN

—~+—— TRACKLINE WITH
TICS AT FIX POINTS

IN FIGURE 5
0 2 4
= 1 = 1 T 1 1 T T
0 1 2 3| 4n. mi .
SCALE | .
| ~
- I 3 36°35'
LEGEND | FALSE .
e CORE |
[
!
|

76700
75°45

Figure 1. Location map indicating the general location of the study area and specific location of the geophysical track lines and
core holes. Highlighted lines are depicted in other figures. The geological interpretation primarily is concerned with the area south
of 36955




4 VIRGINIA DIVISION OF MINERAL RESOURCES

have to be considered in any plans for dredging or mining.

Figures 2 and 3 are interpretive sketch maps depicting the
features on the sonographs of the study area. Because of the
greater line-density in the northern portion of the area (Figure
2) and the generally subjective nature of the analysis, it is
difficult to assess the differences between the two regions. It
appears that there may be a greater density of bottom features
in the northern portion of the area, and definitely a greater
number of anthropogenic features. Paramount among these is
an clongate area of drag marks (Figure 4). If these are drags
caused by commercial fishing gear, this would be a strong
indication of a relatively intense use of the bottom, which in
turn might necessitate an assessment of both the area’s ben-
thic resources and the potential impacts of dredging on other
uses of the area. Alternatively the drag marks could result
from anchor drags indicating another use of the bottom.

Throughout the study area there are rhythmic, light to
dark changes in the base tone of the sonographs. These
alternations are related to the bottom topography and might
indicate changes in grain size or packing across the ridges.
Generally the darker areas are associated with the sides of the
troughs or between-ridge swales. The tonal variations proba-
bly are actual evidence of changes in the sediment and are not
artifacts of the sea-floor mapping system as it operates over a
nonplanar bottom (S. Kimball, oral communication, 1989; D.
Swift, oral communication, 1989).

Whether or not the apparent decrease in bottom features
toward the south is real, a function of the less closely spaced
track lines, or variation in the analyst’s interpretations, or a
combination of the three is difficult to assess. If this is a real
phenomenon, it probably is the result of increasing distance
from the mouth of Chesapeake Bay and its more dynamic
current regime (Ludwick, 1978).

The study area fits into Wright and other’s (1987) classi-
fication as Inner Shelf Shoreface (Type Ia) or Inner Shelf
Ridge Field (Type Ib) bottom types. The type section for the
Inner Shelf Shoreface environment is adjacent to Dam Neck,
Virginia and is within the present study area. Both the
shoreface and ridge field environments are characterized by:
low biogenic roughness at any scale, the presence of small-
scale (heights 1 to 10 cm, wavelengths 1 to 50 cm) wave- and
current-inducedroughness, and usually, the presence of meso-
scale (heights of 0.1 to 2.0 m, wavelengths of 0.5 to 50 m),
current-induced roughness.

Sub-bottom profiles: This paper is concerned primarily
with the sub-bottom profiles in the southern third of the study
area (Figure 1). The remaining portions being the subjects of
other studies (Williams, 1987; Kimball and Dame, 1989).
Part of this area was discussed by Swift and others (1972,
1977), Shideler and others (1972), and others, whose data and
interpretations are significant to the understanding of the
historical geology of the area.

Consistent with the interpretation of Shideler and others
(1972) and ensuing papers, there are three or four major
(acoustic) units separated by two or three unconformities.
The lowest unit (unit A) was considered to be of Miocene age
in the 1972 work and is most probably the same as the
Pliocene-age nearshore, marine deposits discussed by Col-
man and others (1988). Some of the later Tertiary-age
deposits have been reassigned from Miocene to Pliocene on

the basis of new data obtained since the publication of the
earlier work. This widespread unit, the Yorktown and/or the
Chowan River Formations, constitutes local "basement".
Cores 32 and 34 (Berquist and Hobbs, 1988b) appear to
penetrate unit A, which is discernable by a substantially
higher proportion of silt, 53 percent in core 32, 26 percent in
core 34, than the overlying units wherein the silt usually
accounts for less than 20 percent and frequently less than 10
percent of the sediment.

Unit A .is separated from the next younger unit by
reflector 1,an easily traceable, wide-spread, regional reflector
(Figure 5). Although Shideler and others (1972) and Colman
and Hobbs (1987) agree that reflector 1 represents an ero-
sional surface, they differ as to the age of that surface. Colman
and Hobbs (1987) suggest a late Wisconsin age but agree that
it could be as old as late Pliocene. Within the present study
area, reflector 1 ranges from 12 to 20 m below sea level and
generally dips gently to the southeast (Figure 5).

Local relief within the study area on reflector 1 is low.
One of the few anomalies in reflector 1 is in the southwestern-
most corner of the study area (the ends of lines 39 and 40,
Figures 1 and 6) where a portion of a filled channel is visible.
Althoughthereisinsufficientevidence todemonstrate whether
this channel is a Pleistocene-age feature or the filled remnant
of the Holocene-age Currituck Inlet channel, the magnitude of
the channel and the apparent absence of unit D (see discussion
below) suggests the older.

Unit B occurs immediately above reflector 1 and, accord-
ing to Shideler and others (1972), is separated from unit C by
reflector 2. In the present work, reflector 2 is not widely
identifiable thus separation of units B and C is not always
possible. The differentiation is more easily seen in the area
just north of the present study (J.K. Dame, personal commu-
nication). Reflector 2 and unit C are suggested in at least some
of the present study’s profiles. Shideler and others (1972)
refer to the discontinuous character of unit C, in which
circumstance reflector 3 is the upper boundary of unit B.

According to Shideler and others (1972), reflector 2 is
the basal boundary of unit C. In the western portion of their
study area, which would embrace the study area of the present
report, reflector 2 "appears to be truncated by overlying re-
flector 3." They also describe unit C as pinching out in the
western portion of the study area. Thus differentiation of units
B and C in the areas closer to shore is problematical. Shideler
and others (1972) tentatively correlated unit B with Oak’s
(1964) Great Bridge Formation - Sandbridge Formation se-
quence. More recent work (Johnson and others, 1982, 1985)
indicates that these two formations now would be mapped as
the Pleistocene-age Shirley and Tabb formations. This would
indicate that unit B is a pre-Wisconsin-to early Wisconsin-
age series of deposits. Johnson and others (1982, 1985)
describe these formations as ranging from fluvial to shallow
marine, strand complexes.

Shideler and other’s (1972) unit D is represented in the
present study area. Unit D overlies reflector 2, or where
present, reflector 3, is discontinuous, and consists of recent
sea-floor sediments. Shideler and others (1972) document a
C date of approximately 4220 years BP (Figure 5) for unit
D. This unit apparently has formed or is forming, during the
ongoing transgression. Much of the present variation in sea-
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Figure 5. A contour map on reflector 1, the upper surface of
unit A. This represents the top of Tertiary deposits. *C dates
are from Shideler and others (1972).

floor topography, such as the False Cape Ridge System (Swift
and others, 1972), reflects the distribution of this unit. The
intermittent character of unit C is evident in the sub-bottom
profiles (Figures 6 and 7).

Heavy minerals: The sediments in the nearshore area of
southern Virginia Beach are not as abundant in total heavy
minerals or in the titanium-bearing minerals as the sediments
in the area north of the mouth of Chesapeake Bay (Berquist
and Hobbs, 1988b). This mineralogical difference indicates
that the area south of the bay’s mouth may have a different
source area than the northern arca and that the present and past
deep baymouth channels (Colman and Hobbs, 1987; Colman
and others, 1988) may be an effective barrier for nearshore
transportation. For a further discussion of regional minera-
logical differences see Ozalpasan (1989) and Calliari and
others (1990). The False Cape suite of heavy minerals appears
to be more abundant in zircon and monazite (Berquist and
Hobbs, 1988b, cores 26,29, and 32) than other areas although
the total concentrations are relatively low. The highest
concentration of zircon and monazite occur in the cores taken
at sites where unit D is thin or absent, indicating that the
minerals occur either as a lag in the troughs between ridges or
in older deposits, such as units B or C.
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Figure 4. A portion of a side-scan sonograph depicting "drag marks."

T | L T L] L] T T
4 ! i Wilpmetars
L] 1 2z ] 4
/ L 1 1 1
7 r T 1

1
neutical

- /
_ [ NS
\‘:%r l,r"{ /
- (

7 85" TR S0
1 i " L 1 | L 1

¥
wjisn

]
3

—Z

25,700 yis 8P

at 2tm
.

.
20,400 yi3. BF
at 15m

75

L

a5

Figure 5. A contour map on reflector 1, the upper surface of
unit A. This represents the top of Tertiary deposits. C dates
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floor topography, such as the False Cape Ridge System (Swift
and others, 1972), reflects the distribution of this unit. The
intermittent character of unit C is evident in the sub-bottom
profiles (Figures 6 and 7).

Heavy minerals: The sediments in the nearshore area of
southern Virginia Beach are not as abundant in total heavy
minerals or in the titanium-bearing minerals as the sediments
in the area north of the mouth of Chesapeake Bay (Berquist
and Hobbs, 1988b). This mineralogical difference indicates
that the area south of the bay’s mouth may have a different
source area than the northern area and that the present and past
deep baymouth channels (Colman and Hobbs, 1987; Colman
and others, 1988) may be an effective barrier for nearshore
transportation. For a further discussion of regional minera-
logical differences see Ozalpasan (1989) and Calliari and
others (1990). The False Cape suite of heavy minerals appears
to be more abundant in zircon and monazite (Berquist and
Hobbs, 1988b, cores 26,29, and 32) than other areas although
the total concentrations are relatively low. The highest
concentration of zircon and monazite occur in the cores taken
at sites where unit D is thin or absent, indicating that the
minerals occur either as a lag in the troughs between ridges or
in older deposits, such as units B or C.
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Swiftand others (1972),in discussing the shoreface ridge
system at False Cape, described a complex relationship be-
tween grain size and bottom topography. They described the
crests as generally covered with fine- to medium-grained
sand, the flanks and the margins of some troughs as floored by
fine- to very-fine-grained sand, and the axes of the troughs as
floored with pebbly, medium- to coarse-grains sands. They
surmised that the coarser sediments formed a thin, discontinu-
ous layer over an older substrate. This is consistent with the
interpretation of later studies (Shideler and others, 1972;
Swiftand others, 1977) that the topography is a function of the
presence of an active, recent, discontinuous deposit, unit D.
This spatial variation in sediment type is reflected in the tonal
variations on the side-scan sonographs as discussed above.

Samples of sediment from the most recent set of cores
(Berquist and Hobbs, 1988b; Kimball and Dame, 1989)
indicate that the sediments of the ridge system, and by analogy
with unit D, are somewhat coarser than the sediments of units
B or C. The uppermost sediment samples in cores 31, 34, and
36, which were taken at or near the crests of the ridges, have
mean grain sizes of 1.56, 1.7, and 1.1 phi, respectively. By
contrast, sediments from units B or C generally have mean
grain sizes between 2 and 3 phi, although there are some,
usually thin, lenses of coarser material. As noted above,
sediments of unit A have a greatly increased proportion of silt.

CONCLUSIONS

Side-scan sonography of the inner continental shelf adja-
cent to Virginia Beach, Virginia, between the mouth of
Chesapeake Bay and the Virginia-North Carolina border in-
dicates that the bottom meets the criteria of an inner shelf -
shoreface or an inner shelf - ridge field when classified by
roughness characteristics (Wright and others, 1987). The
present study area includes the type arca for the inner shelf -
shoreface classification. The sonographs also depict aregion
containing what are interpreted as "drag marks", that, if cor-
rectly interpreted, would be indicative of at least a moderate
scale, bottom-fishing industry.

Sub-bottom profiles of the southern third of the area dem-
onstrate a shoreward extension of the acoustic geology de-
scribed by Shideler and others (1972) and Swift and others
(1972, 1977) who worked in the immediate seaward and
adjacent areas. Their interpretations proposed a Tertiary-age
(Pliocene) "basement”, unit A, separated from the overlying
Quaternary-age deposits by a strong, regional (angular?)
unconformity, reflector 1.

The next younger stratum, unit B, is a Pleistocene-age
deposit, separated from still younger deposits by another
unconformity. In the northern and eastern portion of the study
area, there is another Pleistocene-age deposit, unit C, that is
absent to the west and south. The uppermost stratigraphic
layer, unit D, is separated from the older units by an uncon-
formity, reflector 3, and is discontinuous. Three of the units
appear tohave acharacteristic sediment type: Ahavingahigh
silt content, B usually consisting of fine sands with some silt,
and D generally being the coarsest unit. There are insufficient
data to characterize unit C.

The heavy-mineral suite of the area is dissimilar to that

north of Chesapeake Bay. The assemblage here is richer in
zircon whereas the northern area has more ilmenite.
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ABSTRACT

Supplies of placer heavy minerals, such as ilmenite,
rutile, zircon, and monazite, are anticipated to be in short
supply by early in the next century. The depletion of conven-
tional onshore deposits coupled with the declaration of the
Exclusive Economic Zone in 1983 have provided the impetus
to assess the resource potential of heavy-mineral concentra-
tionsinU.S. Continental Shelf sediments as future sources for
these mineral commodities.

Mineralogically imprecise assessments of placer resources
result from analyses of concentrates derived from small-
volume samples because of the particle-sparsity effect. The
overall low grade of heavy minerals in Atlantic Continental
Shelf sediments require the analysis of mineral concentrates
from large volumes of bulk sample.

A setof procedures to extract and analyze heavy minerals
from large-volume samples is presented. These procedures
were designed for general application to reconnaissance sur-
veys; the Virginia study is given as an example. Resulting
data are appropriate for both basic research needs and for
industry’s requirements for information on offshore mineral
grades and distribution.

The recovery of heavy minerals was a two-stage process
using amodified spiral concentrator followed by heavy-liquid
separation procedures. The mineral concentrate derived from
heavy-liquid separation was magnetically fractionated to
reduce the number of mineral species so that mineral identi-
fication and quantification could be facilitated. Reflected and
transmitted light microscopes were used for mineral identifi-
cation and quantification. The overall heavy-mineral compo-
sition of samples was determined by combining the percent-
ages of heavy-mineral species distributed across the magnetic
fractions by use of a computerized database.

BACKGROUND

The United States is dependent on imports from Austra-
lia, South Africa, and a number of other countries for about 80
percent of its ilmenite, about 60 percent of its rutile, and
virtually all its zircon and monazite (Lynd, 1985). These
minerals are commonly mined from heavy-mineral deposits
that are subaerially exposed in modern and ancient beach-
complex sediments (including beach, dune, inlet, washover
fan, and barrier environments). A global-class beach-com-
plex placer deposit of the titanium minerals ilmenite, altered
ilmenite, and rutile (including monazite, zircon, and others)
may be up to tens of kilometers in length, up to 2 km in width,
and 10 or more m in thickness. Ore grades are variable,
averaging 3 to 6 percent total heavy minerals, which typically
has about a 50 percent economically valuable (ilmenite,
altered ilmenite, rutile, zircon, and monazite) component.

Uses for heavy minerals and the elements they contain
are being developed ata faster rate than new deposits are being
discovered, and, consequently, it is not known how demand
will continue to be met at current costs (Fantel and others,
1986; Shepherd, 1986). According to Fantel and others
(1986), the production of rutile concentrates will likely de-
cline significantly after 2000 as many mines, particularly

those in Australia, deplete their demonstrated reserves. They
concluded that within the coming decade, there could be a
shortage of high-grade, low-cost rutile. Inactive mines that
could come into production might act as a temporary replace-
ment source for a limited time, but this would be at substan-
tially higher costs. Production of rutile might be maintained
longer if new resources were found at operating mine sites or
ifinferred reserves became demonstrated. Because of limited
rutile availability over the long term, the production of syn-
thetic rutile from ilmenite deposits is seen as the likely source
for future high-grade titanium concentrates.

In many chemical plants, where about 95 percent of the
world’s annual production of titanium minerals is used for
pigment manufacturing (Lynd, 1985), both synthetic rutile
and high-titanium slags are suitable alternatives to rutile.
Because placer reserves are being depleted and the demand is
high, the titanium industry is in a state of flux and could use
any of the following sources of TiO,;: lateritic anatase from
Brazil, eclogitic rutile from Italy, high-TiO, slag from Canada
and South Africa, fine-grained placers from Western Tennes-
see, perovskite from Colorado, synthetic rutile from mag-
matic ilmenites, and offshore placers.

The declaration of the U.S. Exclusive Economic Zone
(EEZ) in 1983 provided an impetus to define the mineral
resources contained within ocean-floor sediments and rocks.
The declaration amplified the potential importance of placer
deposits of heavy minerals in continental shelf sediments as
future sources for strategic and critical mineral commodities.

The Atlantic Continental Shelf (ACS) of the United
States has an area of about 3.9 x 10" m2and contains an
estimated 8.3 x 10" m?of sand and gravel, assuming a 5-m
average thickness (U.S. Department of the Interior, 1979).
Most sand and gravel deposits, however, are 10 m or more
thick. Heavy-mineral sand of variable composition and grade
on the ACS is estimated to have a volume of about 1.3 x 10°
m?, which is 0.16 percent of the estimated sand and gravel
volume. Recent studies by Grosz (1987), however, showed
that this value may be underestimated.

Until recently, published reports on the economic impor-
tance of detrital heavy-mineral concentrations within sedi-
ments of the ACS were often speculative and provided inade-
quate data for a rigorous assessment of resources. In most of
the literature heavy-mineral data is only used to clarify geo-
logic or stratigraphic problems. The analyses commonly
discuss "opaques"” as acomponent forming 20 to 60 percent of
the heavy-mineral assemblage. Because most of the heavy
minerals of economic value are opaque (ilmenite, altered
ilmenite, and frequently rutile), an assessment of the eco-
nomic potential on this previously published literature cannot
be mineralogically precise. Another factor that precludes the
usefulness of most published heavy-mineral analyses for re-
source estimation is the bias caused by analysis of a narrow
size-fraction (commonly a 2-to 3-phi, 0.250-to 0.125-mm,
size interval) that commonly contains comparatively high
heavy-mineral values, and reporting those elevated values as
representative of the heavy-mineral grades (Arthur and oth-
ers, 1986). A few published studies on the economic aspects
of heavy minerals in ACS sediments are known (Drucker,
1983; Goodwin and Thomas, 1973), but inconsistencies within
these reports limit their usefulness. None of the data from
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offshore industrial exploration programs on the ACS have
been published.

A larger effort is being undertaken jointly by the U.S.
Geological Survey (USGS), the Atlantic coastal state geo-
logical surveys, the universities, and industry to assess the
hard-mineral resources potential (including sand, gravel, phos-
phate, and heavy minerals) of the ACS. The Virginia Division
of Mineral Resources and the Virginia Institute of Marine
Science (VIMS) of the College of William and Mary collected
and analyzed vibracore and grab samples from 1986 (Berquist
and Hobbs, 1986) through 1988 (Berquist and Hobbs, 1988a,
1988b) on the inner ACS (<40-m isobath) offshore of Vir-
ginia.

The studies were initiated in response to high values of
heavy-mineral concentrations reported by Nichols (1972),
Goodwinand Thomas (1973), and Grosz and Escowitz (1983).
Additional samples from the mouth of the Chesapeake Bay
area were made available when the USGS acquired approxi-
mately 1300 vibracores from the U.S. Army Corps of Engi-
neers. In addition, about 23,000 km of high-resolution seis-
mic reflection profiles were acquired from the Corps of Engi-
neers on the inner ACS from Maine to Florida. These cores
and profiles were originally collected to identify potential
borrow areas for beach nourishment and reclamation projects.
From this collection, 36 vibracores were used in addition to
the 77 vibracores and 106 grab samples that were collected
and analyzed for the study detailed in other sections of this
publication.

SAMPLE PREPARATION
RATIONALE

The rationale for the sample processing scheme pre-
sented here is based on a number of factors, some are specific
to the samples obtained from the Corps of Engineers, and
others are specific to the objective of characterization of the
resource potential of a large area in a timely manner. The
methods and procedures used here were designed to insure
uniformity of resultant databases produced by all users of core
samples, to offset particle-sparsity biases, to produce rapid
reconnaissance-level information without sacrificing the detail
necessary for follow-up detailed studies, and to provide
economic geologic information for industry.

The type and the size of the sample to be used for mineral
separation depends largely on the analytical goals of the
study. Heavy minerals commonly constitute less than 1
percent by weight of sediments; therefore, it may take a
sample of up to several tens of kilograms, depending on the
amount of heavy-mineral concentrate needed. Preliminary
microscopic examination to determine the approximate heavy-
mineral percentage and to establish the approximate grain
sizes of the minerals will help in establishing the appropriate
procedures for maximizing the efficiency of mineral recov-
ery. The end-product of separation processes in terms of mass
of sample required for complete analysis is a function of the
typesof analyses anticipated (textural, mineralogic, wetchemi-
cal, geophysical, microprobe, X-ray fluorescence, and so
forth) and the accuracy being sought from each analytical

procedure.

The heavy-mineral processing scheme for the analysis of
samples from the ACS (specifically for the samples contained
within the Corps of Engineers vibracores) was designed to be
flexible enough to accomodate a variety of current and antici-
pated analytical needs and to act as a guide for studies on other
continental shelves where grades and compositions of heavy-
mineral assemblages differ from those found in ACS sedi-
ments. The principal objective is to assemble a regional re-
connaissance database that shall show grades, compositions,
and areal/vertical distribution patterns of heavy minerals in
ACS sediments. Studies of the economic geology of surficial
sediments based on grab samples (Grosz and Escowitz, 1983;
Grosz and others, 1986; Grosz and Nelson, 1989) show high
regional and local variability; studies of vibracore samples
also show high variability in grade and composition with
depth in the sedimentary column (Grosz and others, 1989a,
1989b). In the past, most of the advances in laboratory-scale
detrital mineral separation and identification have been made
by sedimentary petrologists who sought to resolve stratigra-
phic and sedimentologic problems. For these purposes, rela-
tively small amounts (usually on the order of tens of grams)
of bulk sample were considered appropriate. Because the
initial sample size was small and most studies sought to
analyze a narrow size fraction (usually the 2-to 3-phi, 0.250-
to 0.125-mm, less often the 3- to 4-phi, 0.125 to0 0.0625-mm,
size interval as well) for their heavy-mineral content, particle-
sparsity biases (Clifton and others, 1969) precluded an accu-
rate characterization of the full heavy-mineral assemblage
present in sediment samples. Methods of separation utilized
in such studies relied on initial screening to isolate the size
fraction of interest and subsequently processing the recovered
size fraction by sink-float methods (generally by use of bro-
moform having a specific gravity of 2.85) to recover the
heavy-mineral component. Volume percentages of individ-
ual mineral species were then determined by methods utiliz-
ing 300 to 500 point-counted grains from slide mounts. This
(and modifications of this) method appears to have worked
satisfactorily for the resolution of stratigraphic and sedimen-
tologic problems; however, the problems confronting the
economic geologist in assessing the resource potential of
heavy-mineral concentrations in continental shelf sediments
necessitated a series of modifications in sample processing
and analytical methods.

The freshly collected vibracores contain wet sediment in
which the sedimentary structures are usually retained intact or
are only slightly disturbed. During the 10- to 20-year period
over which the Corps of Engineers’ vibracores were proc-
essed for information, stored first at Fort Belvoir, Virginia,
then shipped to the University of Texas at Arlington for
storage, and finally shipped to the USGS in Virginia, they
have dried completely. The dry nature of the contained sedi-
ments, the repeated shipping, and the removal of samples
either by splitting the cores lengthwise or by drilling through
the core liner, have, in many instances, disrupted the vibra-
cores to the extent where sedimentary structures are not
recognizable. Furthermore, most of the sediment contained
within these vibracores is unconsolidated sand. These char-
acteristics made the vibracores of little use to small-scale
studies of sedimentary textures and mineral distribution pat-
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terns. However, because of the large volumes of sediment in
these vibracores, infrequently occurring heavy-mineral spe-
cies within the heavy-mineral assemblages were identified.
Although large-volume samples for these studies are consid-
ered to be critically important, particularly in reconnaissance
phases, retention of intact portions of fresh (wet) vibracores is
equally important.

The sample processing and analysis procedure discussed
in the following sections is shown schematically in Figure 1.
Processing of vibracore samples begins with lengthwise split-
ting of the plastic core liner (7.6- to 10.2-cm inner diameter;
0.64-cm wall thickness) either by use of arouter (Figure 2) or
by other suitable means, such as a static blade cutter (Figure
3). Care should be taken not to introduce plastic shards into
the sediment because they are soluble in the heavy liquids
used and in acetone. The top half of the split core is removed,
and the bottom half is scraped clean by using a spatula to
expose a flat surface for examination. Sedimentary struc-
tures, color (if wet), texture, composition, and fauna are noted.
The opened core is photographed (Figure 4) in 30-cm incre-
ments that have approximately 3-cm overlaps between se-
quential photographs.

Samples from the vibracores were selected on the basis of
textural criteria; from vibracores that have one sedimentary
texture, they averaged about 1.5 m in length, and, from those
that have more than one sedimentary texture, they varied in
length. After removal of materials used in age dating (shells
and peat), the sediment was weighed. All vibracores used in
this study were channel sampled along the length of each
sample; 300 to 500 g of bulk sediment were removed for
archival and grain-size analysis purposes. The balance of the
sediment from the Corps of Engineers’ vibracores was proc-
essed for heavy-mineral content as described in following
sections. Half of each core collected between 1986 and 1988
was processed for heavy minerals, and the other half was
archived.

Because the cores ranged up to 6.5 m in length, sample
identification numbers consisted of the unique core number
followed by "-1", "-2", and so forth, where "-1" refers to the
sample from the upper portion of the core (that is, from the
water-sediment interface to some specified depth), "-2" refers
to the next interval down, and so on to account for the entire
length of the core. Each sample was placed ina 20-liter plastic
bucket to determine the net sediment weight on a dry basis.
For wet sediments, the dry-weight was based on weighing,
drying, and reweighing 50 to 10- to 100-g aliquots of homoge-
nized sediment. All weight calculations referred to in this
report are on a dry-weight basis.

SAMPLE CONCENTRATION

Dividing the vibracores into discrete samples yielded an
average of about 7 kg of sediment and ranged from 1 to 20 kg.
To determine the gravel fraction, the sample was wet-sieved
through a 10-mesh (2.00-mm opening) U.S. Standard stain-
less steel sieve. An undetermined, but generally small,
amount of predominantly clay- and a lesser amount of silt-
sized material was lost from the samples during this proce-
dure. Modifications to the process can be made to recover

these fine-grained fractions if future studies require their
analysis. The mass of sediment available for the recovery of
heavy minerals after this step averaged 4.9 kg and ranged from
0.8t0 19.7 kg.

Efficiency and consistency of heavy-mineral recovery,
ease of operation, clean-up time between sample runs, and
costresulted in the selection of a Humphreys three-turn spiral
concentrator with molded rubber lining (Figure 5) for precon-
centration. The selection of this equipment does not imply
that others would not have performed satisfactorily. The
sediments obtained from the vibracores (predominantly sand)
made the spiral concentrator best suited for the task.

The operation of the spiral concentrator requires a con-
stant water flow of about 20 L/min which carries approxi-
mately 20 percent solids (sediment). The sample is intro-
duced into the hopper at the top of the spiral concentrator and
carried down the spiral trough by the flowing water. The light
minerals (predominantly quartz, feldspar, and shell frag-
ments) are centrifugally thrown to the outside edge of the
trough whereas the heavy minerals lag within a few centime-
ters of the inner edge of the spiral trough because of their
higher density (Figure 6). An adjustable splitter placed at the
lower end of the spiral concentrator separates the light miner-
als from the heavy minerals and routes them into separate
containers. The light fraction was passed through the spiral
concentrator several times to assure maximum recovery of
heavy minerals. The heavy-mineral concentrate (spiral heav-
ies) was also passed through the spiral as many as three times
to remove as much of the light-mineral fraction as possible.
For the Virginia study, this procedure recovered an average of
55 percent of the heavy minerals from the bulk sample (the
range was between 5 and 95 percent) and resulted in a
concentrate averaging 320 g, which represented approxi-
mately 5 percent of the bulk sample weight. Similar proce-
dures on samples from offshore of Cape May, New Jersey,
resulted in an average of 87 percent recovery; from offshore
of central Florida, in an average of 75 percent recovery; and
from Long Island Sound, New York, in an average of 82
percent recovery. Poor recovery is usually associated with
muddy samples, poorly sorted samples, or samples containing
significant carbonate (shell fragment) components. Because
the size, the shape, and the composition of clastic grains im-
part different hydrodynamic properties to individual samples
that affect their susceptibility to recovery by differing meth-
ods of separation, a 250- to 350-g aliquot of homogenized
sediment was grab sampled from the material rejected by the
spiral (spiral lights) for control purposes. The spiral concen-
trator was thoroughly washed between samples to reduce
cross-sample contamination. The heavy-mineral concentrate
and the aliquot of rejected material were dried, weighed, and
then processed by heavy-liquid separation techniques.

HEAVY-LIQUID SEPARATION

As pointed out by Krumbein and Pettijohn (1938), a
heavy liquid should have the following attributes to be effec-
tive: inexpensive, easily prepared or purchased, transparent,
liquid at ordinary temperature, noncorrosive, chemically inert
towards most minerals, odorless, fluid rather than viscous, to
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Figure 1. Flowchart showing the scheme of sample processing and analysis.
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Figure 2. Photograph showing router apparatus utilized to
split vibracores lengthwise.

and easily diluted and recovered. None of the heavy liquids
now in use have all these qualities; however, some have been
proven to be better than others. For the purposes of this, and
other parallel studies on the ACS, acetylene tetrabromide
(C,H,Br,), which has a specific gravity of 2.96, was used. In
laboratories where heavy liquids are used extensively it is
necessary to standardize procedures as much as possible. Be-
cause the original investment in large quantities of heavy
liquids is comparatively high and they are toxic, efforts should
be made to recover the maximum amount of the liquid.

Complete recovery is very seldom realized. However, it
is possible to keep the loss of most liquids under about 1
percentonany one separation. Whenusing the volatile liquids
in large volumes, all operations should be carried out under
well-ventilated hoods. The transfer of liquids from stock
bottles to separatory funnels should be done in comparatively
small volumes so that loss by dropping or spilling can be kept
to a minimum.

The simplest and most widely used method for heavy-
mineral separation is the use of liquids in separatory funnels
(Figure 7). The heavy liquid and the mineral grains are
introduced into the funnel and agitated by using a glass
stirring rod. The mixture is allowed to stand until the light
minerals float, the heavy minerals sink, and the two fractions
are completely separated. The light minerals should be
agitated several times to allow all the trapped heavy minerals

Figure 3. Photograph showing static blade cutter apparatus
utilized to split vibracores lengthwise.

Figure 4. Photograph showing setup of equipment utilized to
photograph split vibracores.
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Figure 5. Photograph of three-turn spiral concentrator.

Figure 6. Close-up photograph showing separation of heavy
(right) from light (left) minerals in the spiral trough.

sink. The heavy fractions are tapped by turning the stopcock
and are allowed to pass through to a filter setup. Fine-grained
material has a tendency to clot because the heavy minerals
drag down some of the light minerals. A slow introduction of
the sample into the separatory funnel along with frequent
gentle agitation reduces, but does not completely eliminate,
the clotting problem. After all the heavy minerals are tapped
and the grains are filtered from the liquid, a new filter setup is
made, and the remaining liquid and light minerals are tapped.
A filtering process done under vacuum saves time and recov-
ersa greater volume of the heavy liquid. Thefilters containing
the light and the heavy minerals arc washed liberally with
acetone. The heavy liquid is recovered from the acetone
washings by either using a water-wash process or by bubbling
air through the washings until the specific gravity is deter-
mined to be acceptable.

The methods described above are not completely satis-
factory for producing pure heavy-mineral separates, particu-
larly if fine-grained material is present. Furthermore, the
large volumes of heavy liquid that are needed for these
samples result in a loss of more heavy liquid with each
separation. Centrifuging overcomes both of these problems,
but the use of the centrifuge precludes the rapid processing of
large-volume samples.

The spiral heavies and the spiral lights were processed to
obtain their "pure” heavy-mineral content by the method de-
scribed above. Weights of all fractions were recorded. The
heavy minerals recovered from the spiral heavies comprise
the recovered heavy-mineral (RHM) fraction. The total
heavy-mineral (THM) content of the bulk samples was ap-
proximated by methods described in the section "Mineral
Database.” The RHM fraction averaged approximately 100
g and ranged from 8.8 to 1227 g; the THM content averaged
229 g for the Virginia samples.

Figure 7. Photograph showing apparatus utilized for sink-
float separation of heavy from light minerals in heavy liquid.

MAGNETIC MINERAL SEPARATION

The volumes of heavy minerals recovered by the
(Humphreys) spiral and the heavy-liquid processing were
large enough for archival and mineralogic determinations and
chemical analysis. Archived samples are necessary for grain
size distribution, magnetic susceptibility, gamma-ray suscep-
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tibility, density, and induced polarization susceptibility
measurements. A Jones splitter was used to obtain the three
portions consisting of 12.5 volume percent for archiving, 12.5
volume percent for chemical analysis, and 75.0 volume per-
cent for optical mineralogy. As the immediate objective of
these studies is to reconnoiter heavy-mineral concentrations,
detailed mineralogy on a large number of samples is t0o time
consuming. Multi-element chemical analyses of the mag-
netic fractions from one portion of the RHM assemblage were
planned to help identify mineral species that are difficult to
resolve by the mineral identification methods discussed in the
next section. Another portion of the RHM assemblage was
retained for mineralogic analyses by optical methods. This
was done to ensure that high-value, low-frequency mineral
species, such as monazite, rutile, xenotime, cassiterite, and
gold, had a significant chance to be identified and quantified
in this reconnaissance study.

The splits retained for mineralogic determinations were
separated into magnetic fractions by using a Frantz Magnetic
Barrier Laboratory Separator (MBLS). This fractionation
was done to reduce the number of mineral species in each
magnetic fraction and to facilitate mineral identification and
quantification. This procedure also should be followed with
the split for chemical analyses to reduce inter-elemental inter-
ferences associated with polymineralic assemblages; this was
not followed for the Virginia samples.

The Frantz Isodynamic Magnetic Separator (FIMS) is a
versatile instrument and can produce excellent concentrates
of many minerals. Substantial literature has been published on
the subject of mineral separations performed with the FIMS
(McAndrew, 1957; Gaudin and Spedden, 1943; Flinter, 1959;
Hess, 1966; Nesset and Finch, 1980).

The MBLS has a significant advantage over the FIMS in
the ratio of magnetic force to field intensity. Material is
visible as it enters the field and undergoes separation at the
magnetic barrier. These conditions result in better control,
superior sensitivity, and greatly reduced processing time. A
FIMS can be converted to an MBLS by using retrofit equip-
ment. Much of the information in the literature about the
FIMS is useful for operating the MBLS.

As the result of differences in design, the direction of
magnetic force in the working space of the MBLS is the
reverse of that in the FIMS, and the side slopes used in
separating minerals according to their magnetic susceptibili-
ties, therefore, also are reversed. For the FIMS, the magnetic
force moves particles against a component of gravitational
force, whereas, for the MBLS, gravitational force is used to
move particles against a magnetic force. The range of field
intensity provided by the two separators is substantially the
same (0 to 20,000 Gauss). At any field intensity selected,
however, the effective force provided by the MBLS is about
3 times greater than the effective force provided by the FIMS.
A small adjustment of current to the MBLS results in a
substantially greater change in the effective force than does
the adjustment of current to the FIMS. Separation of materials
that differ slightly in magnetic susceptibility is improved
when the MBLS isused. The number of minerals thatrespond
to magnetic force sufficiently for separation also is extended.
Athigh magnetic force field intensities, the barrier field of the
MBLS is sufficient to separate paramagnetic and weakly

diamagnetic materials that cannot be separated by using the
FIMS.

A sample consisting of minerals that differ in magnetic
susceptibility is usually processed by separating the most
strongly magnetic component first, and then separating of the
other components in order of declining susceptibility. Sepa-
ration of mineral mixtures that have susceptibilities ranging
from ferromagnetic to diamagnetic is expedited by the initial
removal of ferromagnetic minerals. Otherwise, the most
magnetic minerals tend to be held by the pole pieces or on the
chute surface inside the gap and thus divert other minerals
from their normal paths.

The methods of removing ferromagnetic particles from
heavy-mineral assemblages before paramagnetic separation
include the use of hand-held magnets passed over the concen-
trate, the use of low current settings (10 to 20 mA) on the
MBLS, and various configurations of the electromagnet that
offer large surface areas over which the concentrates can be
passed. These three methods offer individual advantages;
however, in processing large-volume samples, a more rapid,
replicable, and consistent method is necessary. For our proc-
essing, the magnetic poles of the MBLS were rotated into a
vertical position and then the tops of the poles were inclined
toward the operator. A 1.125-in. diameter, 0.225-in.-thick
wall, glass tube was fastened to the pole picces straddling the
gap to provide a conduit for a flowing stream of concentrate
containing ferromagnetic minerals. Then the magnetic field
strength is set at the maximum (about 2.0 A; at this current
setting, the magnetic field strength tends to decay as the
magnet’scoils heat up), the sample is introduced into the glass
tube. As the grains fall through the tube, the more magnetic
minerals are preferentially pulled against the inner side of the
tube near the pole pieces (Figure 8); the minerals that are less
magnetic fall through the length of the tube into a container.
After the initial pass, an empty container is placed at the
bottom of the glass tube, the current is turned off, and the
magnetic minerals are collected. This procedure is rapid, and
repeated passes through this setup are recommended for the
nonmagnetic minerals, especially for the fine-grained mineral
assemblages.

The ferromagnetic minerals were processed through the
same setup by using a lower current setting (0.5 to 0.7 A,
depending on the mineral assemblage) to concentrate those
minerals that have paramagnetic properties and those miner-
als that have magnetic inclusions, such as zircon, staurolite,
aluminosilicates, garnet, amphibole group, and others. This
process was effective in removing ferromagnetic minerals in
about 10 minutes for 300 g of bulk concentrate sample.

The nonmagnetic-mineral fraction derived from the free-
fall separation was processed through the MBLS in sequential
passes at increasing current strengths. The factory-provided
ammeter on the MBLS was shunted to a digital ammeter for
increased accuracy (a digital ammeter-equipped power con-
troller is highly recommended for maintenance of current
settings). Five mineral groups were thus generated at current
settings 0f0.2,0.4,0.6, 1.8 A, and nonmagneticat 1.8 A. Each
mineral group was weighed, bottled, and labeled.

General procedures for the determination of current and
slope settings for the MBLS are provided by the manufac-
turer; optimal settings for any mineral assemblage must be
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Figure 8. Photograh of magnet configuratin utilized to
separate ferromagnetic minerals from bulk heavy-mineral
concentrates.

determined by the user. Forward and side slopes of the MBLS
ranged from 15° to 20° and 15° to 25°, respectively. The
current and the slope settings defined above were appropriate
for the heavy-mineral assemblages found offshore of Vir-
ginia; however, for heavy-mineral assemblages elsewhere on
the ACS higher current settings and steeper side slopes (up to
35° to 45°) provide cleaner and more rapidly processed
separates. For our reconnaissance work, the emphasis was on
processing many large samples in a short period of time.

A consequence of the time constraint is less-than-pure
concentrates that have a scatter of given mineral species
across a number of magnetic fractions because of variations
in mineral composition and the presence of polymineralic
grains. Because many heavy minerals have a wide range of
possible compositions that results in a wide range of possible
magnetic susceptibilities for a particular mineral, optimal
current settings for extraction must be determined empirically
for each suite. The mineralogy of the resultant magnetic
fractions is discussed in the section "Mineral Identification
and Quantification."”

Geochemical data can be used to indicate the presence of
potentially economic mineral species not distinguishable by
rapid optical mineralogic analyses. The 12.5 volume percent
split of the RHM fraction generated for chemical analyses
also can be magnetically separated into three fractions. The
first magnetic fraction should be derived in a manner identical

to that utilized for the ferromagnetic-mineral fraction. The
second magnetic fraction should be generated at a current
setting of 0.6 A, and the third magnetic fraction is the nonmag-
netic minerals at 0.6 A. The geochemical data from these
three magnetic fractions can then be used to indicate the
presence of mineral species not easily identified by petrogra-
phic procedures; for example, high tin (Sn) values in the non-
magnetic mineral fraction may signal the presence of cassit-
erite.

MINERAL IDENTIFICATION AND
QUANTIFICATION

To estimate mineral abundances, each magnetic-mineral
fraction was examined by using reflected and transmitted
light microscopes. Estimation was easy because only a few
mineral species were present in each fraction. Comparison
charts for visual estimation of percentage composition (Folk,
1951; Terry and Chillingar, 1955; Reid, 1985) and point-
counting were used for this purpose. In addition to petrogra-
phic methods, X-ray diffraction analyses were used to iden-
tify some minerals; however, because of the reconnaissance
nature of the work, all the mineral species were not identified.
An "Others" category was estimated and included quartz, un-
identified opaques, unidentified non-opaques, polymineralic
grains, and clay balls. The identification of zircon and mona-
zite was aided by the use of ultraviolet light. The principal
criteria for identification were magnetic susceptibility, grain
shape, color, physical properties (that is, cleavage), streak,
fluorescence, solubility in acids, and optical properties.

The estimated percentage abundances of each mineral
species was multiplied by the weight of each fraction. The
total percentage for each mineral was calculated by summing
their weights across the magnetic fractions in which the
mineral occurred. Because the average of specific gravities of
all species in each magnetic fraction are generally similar,
differences in specific gravities of the mineral species were
ignored in the calculations. Although the calculated percent-
ages are not true weight percentages, the differences are
probably small. An example of the observations and calcu-
lations used to determine the weight percentages of minerals
for a sample are given in Appendix L

Because silt- and clay-rich sediments are difficult to
separate and identify, the amounts of ferromagnesian micas
and lighter heavy minerals (specific gravity <3.50) are proba-
bly underestimated in the analytical table, and higher density
minerals such as garnet and zircon may be overestimated.

The ferromagnetic-mineral fraction commonly is com-
prised of minerals containing magnetite mineral inclusions
that should be in fractions separated by low magnetic field
strength. X-ray fluorescence analyses of this fraction in two
samples from offshore Virginia indicated titanium values in
excess of what one would expect of magnetite. The excess
could be explained by the presence of approximately 40
percent titanomagnetite (Oliver Fordham, Virginia Division
of Mineral Resources, oral communication, 1988). This
combination of magnetite and ilmenite is confirmed by geo-
chemical analyses given elsewhere in this publication. Be-
cause optical identification of different opaque minerals in the
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grains. Because many heavy minerals have a wide range of
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counting were used for this purpose. In addition to petrogra-
phic methods, X-ray diffraction analyses were used to iden-
tify some minerals; however, because of the reconnaissance
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grains, and clay balls. The identification of zircon and mona-
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The estimated percentage abundances of each mineral
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total percentage for each mineral was calculated by summing
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Because silt- and clay-rich sediments are difficult to
separate and identify, the amounts of ferromagnesian micas
and lighter heavy minerals (specific gravity <3.50) are proba-
bly underestimated in the analytical table, and higher density
minerals such as garnet and zircon may be overestimated.

The ferromagnetic-mineral fraction commonly is com-
prised of minerals containing magnetite mineral inclusions
that should be in fractions separated by low magnetic field
strength. X-ray fluorescence analyses of this fraction in two
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ferromagnetic-mineral fraction is difficult without the use of
polished grain mounts and the mass is small, the entire
fraction is labeled "magnetite."

In addition to petrographic techniques, the paramag-
netic-mineral fractions were examined using ultraviolet illu-
mination. This technique aided the identification of monazite
which had green fluorescence, and zircon which had yellow
to orange fluorescence. Not all zircons fluoresce, for ex-
ample, metamict zircons. Because quartz was often found in
the non-magnetic at 1.8 A magnetic fraction, its weight was
included in the heavy-mineral fraction. For the Virginia
samples, a correction was made to the weight percentage of
the total heavy minerals by subtracting the weight of quartz
and is included in the calculation of data under column 151 in
Appendix I. The decrease in the weight of the heavy minerals
ranged from 2 to 18 percent of the uncorrected value and
averaged about 3 percent for Virginia samples.

DATABASE

Ideally, an offshore mineral-resource database should
contain all the variables generated by direct measurements as
well asthose derived by calculation. Because the formulae for
calculating a number of derivative variables are discussed in
detail later in this section, only the directly measured variables
arc discussed here. The variables that should be entered into
a database and their units of measure are as follows:

VARIABLE UNIT OF MEASURE
Sample number
Latitude......c.ceeervercrrnnrnens Degrees and fractions of a degree
Longitude.........ccccerermennen. Degrees and fractions of a degree
Water depth........coeereineceiereeceeeeeen, Meters
Section length (vibracore).................... Centimeters
Bulk sample weight...........c.cceveerencnnne. Grams
Weight of:

Gravel fraction..........cccevuvuvvecennnnes Grams

Sand-size fraction..........cveevrvurueeee. Grams

Clay-size fraction..........cceceevuveuenee.n Grams

CaCO, component..............cuueen... Grams
Mean grain size on a:

+CaCO, basis........ccuercenvererinanns Grams

-CaCO, basis.........coeervrurinencnennnnee Millimeters
Sorting on a:

+CaCO, basis........coouurevevecrnrirnnnns Millimeters

-CaCO, basis........cecevuevrencerienrenens Millimeters
Skewness on a: ‘

+CaCO, basis.........cccveemreercrnrennnnn, Millimeters

-CaCO, basis..........ccovunen: erarraenns Millimeters
Kurtosis on a:

+CaCO, basis.........coocvrmervininenne. Millimeters

-CaCO, basis.....c.ecceecenreenenneance Millimeters
Weight of:

spiral derived HM conc.................. Grams

spiral gangue subsample................. Grams

HM in spiral gangue..........ccceceunenue Grams
Composition of:

gravel fraction................... Percentage of shell, rock,

quartz, and so forth
HM fraction..........ccvrveennee Percentage of minerals

For the samples from Virginia, several databases were
used. One of these contains location data and core (sample)
length, and two others hold measured weights, observed
mineral compositions, and calculated or derived values.

The original concept and the outline for the database
presented here were the efforts of the senior author; modifica-
tions of calculation formulae for the 20/20 spreadsheet pro-
gram available on the VIMS Prime computer were made by
C.R. Berquistand C.T. Fischler. Other collaborating institu-
tions on the Atlantic seaboard utilized the Lotus 1-2-3 spread-
sheet program. The database (Appendix I) that has values for
two samples is shown as an example. Each row contains the
data for one sample. The column headers (variables) are
generally self-explanatory; however, they are discussed briefly
in the following section. Column data originates from obser-
vation, measurement, or calculation. The calculation formu-
lae (Appendix II) follow the database (Appendix I).

DISCUSSION OF COLUMN HEADERS

Values in column 11 were calculated by determining the
amount of water in a 50- to 100-g subsample and correcting
the initial bulk sample weight. Because not all samples were
wet (USGS vibracores were dry when received), some col-
umns in the final database contain 0 or "ERR" (where, in fact,
there is no error). The weight of sediment greater than 2.00
mm in diameter after wet sieving is given in column 12.
Column 13 gives the weight of a subsample from the spiral
light (SL) fraction; column 14 gives the weight of the portion
which sank in heavy liquid (spiral lights tetrabromoethane
sink). Column 15 is the final spiral concentrate; column 16
gives the weight of the spiral heavy, tetrabromoethane sink
fraction. Column 17 is a check for gross errors in weighing
sample fractions (see formulae in Appendix II). Column 18
is the percentage of heavy minerals in the spiral light fraction
and approximates the amount of heavy minerals lost during
the spiral concentration procedure to the spiral lights fraction
(column 19). Column 20 gives the percentage of the heavy
minerals recovered by the spiral concentration procedure
from the calculated total amount of heavy minerals in the
sample and is a measure of the efficiency of the spiral
concentrator in recovering heavy minerals from a given
sample. Column 21 is the calculated total amount of heavy
minerals in the sample based on the recovered and the lost
heavy minerals during the spiral concentrating procedure.
Column 22 is the weight percentage of the heavy minerals
recovered in the spiral concentrate and subsequent heavy-
liquid procedure.

The mud (silt and clay), gravel (>2.00 mm), and sand size
distributions were determined for some samples by using a
split of the repository sample; columns 23 to 28 give these
data. The mean size of the sand fraction of some samples
(column 30) were determined by using a Rapid Sediment
Analyzer.

The weights of the magnetic fractions derived by use of
the free-fall and MBLS magnetic separators are shown in
columns 31 to 36; "203" is the most magnetic fraction, and
"208" is the least magnetic fraction. The sum of these weights
are given in column 37. Columns 38 to 40 show the weights
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of the splits of the RHM reserved for archive (-209; 12.5
volume percent of the RHM fraction), geochemical analyses
(-200, -201, and -202; 12.5 volume percent of the RHM
fraction), and optical analyses (-203, -204, -205, -206, -207,
and -208; 75.0 volume percent of the RHM fraction). For the
Virginia samples, no magnetic separation of the geochemical
split was made, and the entire weightisreported in column 39.
Gross weighing errors are checked in column 41, Observed
amounts of individual heavy-minerals in each magnetic frac-
tion (203 to 208) are shown in columns 42 to 116; summation
columns insure that the compositions add up to 100 percent.

Columns 117 to 131 show the gram-equivalent weight of
an observed mineral for an entire sample (fractions 203 to
208) calculated by summing the gram equivalent of the
visually estimated frequency of the mineral in each magnetic
fraction. By using these data, the weight percentage of the ob-
served minerals in the RHM fraction is calculated and shown
in columns 132 to 147. Column 147 is the sum of ilmenite +
leucoxene + rutile + zircon + monazite + aluminosilicates
(sillimanite, kyanite, and andalusite).

Columns 148 and 150 are copied from columns 22 and
21, respectively. "CORR" in columns 149 and 151 correct
columns 148 and 150 by removing the amount of quariz
observed in the 208 fraction from the mass of RHM and THM.
Column 152 is a check where THM should be always greater
than RHM. In column 153 the weight percentages of the ob-
served minerals are added and checked to be certain that they
total to 100 percent.

With respect to the entire bulk sample (as opposed to the
concentrate), the concentrations of heavy minerals are shown
incolumns 154 to 169; the sum is shownin column 170. These
values were calculated by multiplying the mineral abundance
in the concentrate by column 151. Column 171 is acheck that
the sum of the mineral percentages (columns 154 to 168) and
the corrected THM are the same.

APPROXIMATE TIME REQUIREMENTS FOR
ANALYSIS OF AN OFFSHORE VIRGINIA SAMPLE

The sample analysis procedure that we have described
requires numerous labor-intensive tasks. Based on the expe-
rience that we have gained during this study, the average times
required to perform the various tasks are as follows:

TASK TIME PER SAMPLE
(in minutes)

Cut, describe, and photograph core...................... 45
Wet sieve gravel fraction.........cccceveveerevereennerennnes 15
Spiral concentrate sand-sized fraction.................. 30
Dry and weigh spiral fractions.........cooevveeveverenenee. 15
Heavy-liquid separation............ececeveevrrercrmeneecrnnnne. 45
Remove ferromagnetics (-203 fraction)................ 10
Magnetic fractionation (-204 to -208 fractions). 120
Mineral identification/quantification.................. 180
Data NIy ....cooveeeceerioerreeneceneeeerereeee e cenerenens 30
TOtal ...t 490 (about 8 hr20 min)

The volume, texture, heavy-mineral content and composition,

heavy-liquid separation funnel capacity, balance capacities,
and other variables have significant and highly variable ef-
fects on the time required to analyze each sample.
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Appendix II.

The formulae used in calculating the described variables are based on the column numbers in Appendix I.

COLUMN DESCRIPTION
NUMBER

FORMULA IN TERMS OF COLUMN NUMBER
[IN BRACKETS]

120

121

122

123

124
125
126
127

128
129
130
131

NET WEIGHT OF SAMPLE

WET WEIGHT OF SAMPLE

DRY WEIGHT OF SAMPLE

WATER WEIGHT IN SAMPLE
WEIGHT PERCENT WATER

DRY WEIGHT OF BULK SAMPLE
WEIGHT LOSS DUE TO SPLITTING

WEIGHT % HM IN SPIRAL LIGHTS

WEIGHT HM IN SPIRAL LIGHTS

% OF HM RECOVERED BY THE SPIRAL
WEIGHT % TOTAL HM IN SAMPLE

WEIGHT % RECOVERED HM

WEIGHT % SAND

WEIGHT % MUD
WEIGHT PERCENT GRAVEL

SUM OF SAND, MUD AND GRAVEL %

SUM OF MAGNETIC FRACTIONS

WEIGHT LOSS DUE TO MAGNETIC FRACTIONATION
SUM OF % MINERAL SPECIES IN 203 FRACTION
SUM OF % MINERAL SPECIES IN 204 FRACTION
SUM OF % MINERAL SPECIES IN 205 FRACTION
SUM OF % MINERAL SPECIES IN 206 FRACTION
SUM OF % MINERAL SPECIES IN 207 FRACTION
SUM OF % MINERAL SPECIES IN 208 FRACTION
MAGNETITE (g) IN ALL MAGNETIC FRACTIONS
ILMENITE (g) IN ALL MAGNETIC FRACTIONS

GARNET (g) IN ALL MAGNETIC FRACTIONS
EPIDOTE (g) IN ALL MAGNETIC FRACTIONS
STAUROLITE (g) IN ALL MAGNETIC FRACTIONS
PYROBOLES (g) IN ALL MAGNETIC FRACTIONS
COLUMN NOT USED IN VIRGINIA STUDY

RUTILE (g) IN ALL MAGNETIC FRACTIONS

ALUMINOSILICATES (g) IN ALL MAGNETIC FRACTIONS

SPHENE (g) IN ALL MAGNETIC FRACTIONS
TOURMALINE (g) IN ALL MAGNETIC FRACTIONS

LEUCOXENE (g) IN ALL MAGNETIC FRACTIONS
MONAZITE (g) IN ALL MAGNETIC FRACTIONS
ZIRCON (g) IN ALL MAGNETIC FRACTIONS
OTHERS (g) IN ALL MAGNETIC FRACTIONS

[2]-[1]
{51-{4]
[6]-[4]
[71-18]
[91/[71*100
[31-(31*([101/100)
[16]-([381+[391+40])
([141/(13])*100
((18)/100)*((11]-[151)
100*[16)/([161+[19])
([191+[161)*100/[11]
100*[16)/[11]
([241/(1231+[24]1+[25)))*100
([231/(123]+[24]+[25]))*100
([251/([231+[24]+[251))*100
SUM([26..28])
SUM([31..36])
[40]-[37]
SUM([42.47])
SUM([49..57))
SUM([59..70])
SUM([72..85])
SUM([87..100])
SUM([102..115))
[311*[42]
[31]*[43]+[321*[49]+[33]*(59]
+[341*[72]+[351*[871+[361*[102]
[44]*[31]+[501*[32]+[60]*[33]
+[731*[341+[881*[35]+[103]*[36]
[S11*[321+[611*[331+[74]1*[34]
+[451*[311+[35]*[89]+[36]*[104]
[52]*[32]+[621*[331+[75]*[34]
+[90]*[351+[1051*[36]
[53]*[32]+[631*[33]+[76]*[34]
+[911*[35]1+[106]*[36]+[46]*[31]
[551*[321+[641*[33]+[771*[34]
+[92,81*[35,81+[107,81*[36,8]
[78]*[34]+[931*[35]1+[1081*[36]
[791*[341+[941*[351+{109]*[36]+[651*[33]
[66]*[33]+[801* [34]+[951*[351+[110]*[36]
[671*[33]+[81]1*[341+[96]*[35]
+[1111*[36]+[541*[32]
[82]*[34]1+[971*[351+[112]*[36]+[68]*[331+[561*[32]
[83]*[34]+[981*[35]+[36]*[113]
[99]*[35]+[114]*[36]+([691*[33]+[841*(34]
[AT1*[311+[STI*[32]+[701*[33]+
[85]*[341+[100]*[351+[115]*[36]
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WEIGHT PERCENT MAGNETITE IN HM FRACTION

WEIGHT PERCENT ILMENITE IN HM FRACTION

WEIGHT PERCENT GARNET IN HM FRACTION

WEIGHT PERCENT EPIDOTE IN HM FRACTION

WEIGHT PERCENT STAUROLITE IN HM FRACTION

WEIGHT PERCENT PYROBOLES IN HM FRACTION

COLUMN NOT USED IN VIRGINIA STUDY

WEIGHT PERCENT RUTILE IN HM FRACTION

WEIGHT PERCENT ALUMINOSILICATES IN HM FRACTION

WEIGHT PERCENT SPHENE IN HM FRACTION

WEIGHT PERCENT TOURMALINE IN HM FRACTION

WEIGHT PERCENT LEUCOXENE IN HM FRACTION

WEIGHT PERCENT MONAZITE IN HM FRACTION

WEIGHT PERCENT ZIRCON IN HM FRACTION

WEIGHT PERCENT OTHERS IN HM FRACTION

WEIGHT PERCENT EHM

WEIGHT PERCENT RHM

CORRECTED WEIGHT PERCENT RHM

WEIGHT PERCENT THM

CORRECTED WEIGHT PERCENT THM

THM % - RHM %

SUM OF MINERAL PERCENTAGES

MAGNETITE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

ILMENITE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

GARNET AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

EPIDOTE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

STAUROLITE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

PYROBOLES AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

COLUMN NOT USED IN VIRGINIA STUDY

RUTILE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

ALUMINOSILICATES AS A WEIGHT PERCENTAGE OF THE BULK
SAMPLE

SPHENE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

TOURMALINE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

LEUCOXENE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

MONAZITE AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

ZIRCON AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

OTHERS AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

EHM AS A WEIGHT PERCENTAGE OF THE BULK SAMPLE

SUM WEIGHT PERCENTAGE OF HEAVY MINERALS IN THE BULK
SAMPLE

CORRECTED WT % THM - SUM % HM OF BULK SAMPLE

[117)/[37]

[118}/[37]

[1191/[37)

[120]/[37]

[121V/[37]

[122)/[37]

[123]/(37]

[124]/[37]

[125)/137]

{126]/[(37]

[127]/[37]

[128)/137]

[129)/[37]

[130¥/[37]

[131}/[37]
SUM([133],[139],[140],[143..145])
100*[16]/{11]
([16)-[36]1*([1151*0.9))/[11]
([191+[16])*100/[11]
([16]+[19]-({361*[115]*0.9))/[11]
[151]-[149]
SUM([132..146))
[132]*[151]
[133]*[151]
[134]*[151]
[135]*[151]
[136]*[151]
[137]%[151]
[138]*[151]
[139]*[151]
[1401*[151]

[141]*[151]
[142]*[151]
[143}*[151]
[144]%[151]
[145]*[151]
[146]*[151]
(147]*[151]
SUM([154..168])

[151}-[170]
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ABSTRACT

The Virginia Division of Mineral Resources and the
Virginia Institute of Marine Science investigated the occur-
rence of heavy minerals in the offshore sediments of Virginia.
We began the project because earlier reconnaissance studies
reported high heavy-mineral concentrations from several
samples collected off the Eastern Shore of Virginia. Our work
confirms the previously reported mineral values and locates
additional high concentrations up to 20 nautical miles off-
shore. Furthermore, we show that potentially economic
mineral values are not restricted to surficial sediments, but
also are found in the upper 15 to 20 feet of inner continental
shelf sediments.

Several core samples indicate that potential economic
values of heavy minerals are clustered offshore of Hog Island,
SmithIsland, Virginia Beach,and False Cape. Thescarcasare
likely targets for resource assessment studies of heavy miner-
als and construction or beach nourishment sand. The high
heavy-mineral concentrations suggest that further investiga-
tions are warranted. The current effort to investigate re-
sources offshore has only begun, because our area of study
comprises only 3 percent of the Exclusive Economic Zone off
Virginia.

Sample sites are located along the entire Atlantic coast-
line of Virginia and nearly all are within 5 nautical miles of
land. Three-hundred and ninety large-volume samples were
analyzed, 290 of which came from vibracores; over three tons
of sediment were processed. The total heavy-mineral concen-
tration of 78 samples is equal to or exceeds 5 percent. Fifty-
two samples have concentrations of one or more economic
minerals equal to or greater than threshold values for land-
based deposits (ilmenite 45%, leucoxene 5%, rutile 2%,
zircon 5%, monazite 1%, and total heavy mineral concentra-
tion 5%; Garnar, 1978). The total heavy mineral concentra-
tion for all samples averaged 3.3 percent and the highest value
was 14.7 percent.

Offshore sediments sampled by vibracores average about
5 meters in thickness and are probably Holocene in age. Core
penetration into underlying Pleistocene or Tertiary sediments
is suspected based on oxidized sediment at depth in cores.
Microfauna were not studied.

The U.S. Minerals Management Service and the Subaque-
ous Minerals and Materials Study Commission, Common-
wealth of Virginia also provided funding for the study. This
report describes the mineral compositions and other charac-
teristics we derived from offshore sediments from 1986
through 1988.

INTRODUCTION

The Virginia Division of Mineral Resources (VDMR)
and the Virginia Institute of Marine Science (VIMS) collected
and analyzed core and grab samples, and made side-scan
sonar and subbottom profile surveys from April 1986 through
September 1988 on the inner continental shelf of Virginia.
The project was funded in part by the U.S. Minerals Manage-
ment Service (MMS) and the Commonwealth of Virginia.
Work performed with funding from the U.S. Minerals Man-

agement Service emphasized research in the Exclusive Eco-
nomic Zone (EEZ) seaward of 3 miles from land; work done
with funding from the Commonwealth of Virginia’s Subaque-
ous Minerals and Materials Study Commission emphasized
evaluation of resources within the Commonwealth’s territo-
rial waters. Thisreportcombines the results obtained over the
past few years in describing the heavy-mineral occurrences
offshore of Virginia.

A limited study by Berquist and Hobbs (1986) verified
earlier reports of high concentrations of heavy minerals in
surficial shelf sediments (Nichols, 1972; Goodwin and Tho-
mas, 1973; Grosz and Escowitz, 1983). We acquired cores in
April 1986 at Smith Island Shoal, within the Chesapeake Bay
mouth, and east of Virginia Beach. In July 1986, sediments
were analyzed from existing cores and from 100 new grab and
box-core samples taken off the Virginia coast. The U.S
Geological Survey contributed 35 cores that were located at
the Chesapeake Bay entrance. A report described the results
of our efforts completed through the summer of 1987 (Ber-
quist and Hobbs, 1988a). Fifty new vibracores were taken
during the summer of 1987 from offshore Assateague Island
to North Carolina. The sclection of core sites was guided by
the results of the previous years’ efforts. We also made
geophysical surveys (side-scan sonar and high-resolution
shallow seismic) during these projects and some of the results
arc described elsewhere in this publication. Berquist and
Hobbs (1988b) reported on work completed from 1986 through
1988. Figures 1 and 2 show the locations of samples used in
this study. Appendix I gives location coordinates for all
vibracores and grab samples.

MINERAL ANALYSIS

We used a box corer and a Smith-MacIntyre sampler to
take grab samples and a 4-inch diameter vibracorer to take
core samples. In most sandy areas of the ocean floor, penetra-
tion by these devices, including the vibracorer, was limited
greatly because of very compact sands. Grab sampling rarely
exceeded 6 to 8 inches of depth in sediments. We acquired
vibracores up to 20 feet in length by jetting and coring (Ap-
pendix VII). Without multiple attempts, vibracores usually
penctrated about nine feet before refusal. Appendix II gives
general characteristics of core and grab samples; core descrip-
tions are found in Appendix VIL

The procedures for sample preparation and determina-
tion of mineral abundance are intricate and have been de-
scribed by A. E. Grosz of the U.S. Geological Survey. Al-
though a complete discussion of the process is found else-
where in this publication, a brief explanation follows: The
average weight of samples was large (20 pounds). Samples
from the vibracores were derived by processing 6-foot (aver-
age) sections. Heavy minerals were concentrated from the
samples with a three-turn spiral followed by use of tetrabro-
mocthane. The heavy-mineral concentrate is magnetically
subdivided into six fractions (labeled "203" through "208",
from most magnetic to non-magnetic). The mineral compo-
sition of each fraction is estimated by using transmitted- and
reflected-light microscopes. The heavy-mineral composition
of the sample is determined by combining the compositions of
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the six fractions by using a computer spread-sheet program.
Out of approximately 436 samples, 390 were examined for
heavy-mineral content. Of the remaining 46 samples, one was
lost by contamination and the others did not contain enough
heavy minerals to allow for satisfactory processing.

Without the complete discussion of the analysis proce-
dures, some additional explanation is needed to interpret the
compiled mineral data. Because this is a reconnaissance
study, only commonly occurring and selected economic
minerals are identified. The economic minerals found in
abundance offshore of Virginia are those containing titanium
(ilmenite, leucoxene, and rutile) and rare-carth elements
(monazite and zircon). The sum of these minerals plus the
sillimanite/ kyanite (refractory minerals) fraction forms the
"ECON" (economic interest) group of heavy minerals. The
amphibole and pyroxene groups minerals together are more
common than any other minerals. Their abundanceis grouped
under the name "pyrobole.” Recovered heavy minerals
(RHM) is the amount of heavy minerals recovered from the
sample and available for analysis. Total heavy minerals
(THM) is an abundance determined by adding to RHM the
calculated amount of heavy minerals lost during the spiral
concentration.

Minerals identified as "magnetite” in the most magnetic
(labeled "203") fraction are not all solely magnetite. X-ray
fluorescence of the most magnetic (203) fraction of two
samples indicated excessive titanium for magnetite; this ex-
cess could be explained if approximately 40 percent of the
sample was titanomagnetite (O. Fordham, personal commu-
nication). Because optical identification of different opaque
minerals in the 203 fraction is difficult and inconsistent
among observers, the entire fraction is labeled "magnetite";
users of the data should remember this factor when interpret-
ing the compositional data.

The three least magnetic (206, 207, and 208) fractions
were also examined under high-intensity short-wave length
ultraviolet light enabling identification of monazite, by its
green "fluorescence” orinternal reflectance, zircon (yellow to
orange fluorescence), and quartz contamination in the non-
magnetic (208) fraction. Pink and light-brown (metamict)
zircons are commonly observed, and although they are not
fluorescent, their abundance is included in the reported zircon
concentrations.

Because quartz is commonly found in the 208 fraction, its
weight is included in the heavy-mineral fraction rather than
the light fraction. It is commonly observed that quartz makes
upatleast 90 percent of the 208 "other™ fraction. A correction
is made to the weight percent of the total heavy minerals by
subtracting the weight of quartz contamination. The correc-
tion isusedin the calculation of data under column headings
"WT % THM" in the appendices. The decrease ranged from
2 percent to 18 percent of the uncorrected value and averaged
2.6 percent.

DATABASE

All dataentry and calculations were made on the Virginia
Institute of Marine Science PRIME computer, using the 20/20
spreadsheet modeling program. For each step in the prepara-
tion of samples for mineral identification, the sample and its

many fractions are weighed. We used the spreadsheet pro-
gram to store and calculate weights and other characteristics
throughout the analysis.

The completed database contains about 70,000 cells of
information. Copies of the database are not included in this
report but are available for inspection at the Virginia Division
of Mineral Resources and at the Virginia Institute of Marine
Science; Appendices III through VI contain the resultant
sample compositions.

RESULTS
SAMPLE COMPOSITION

Mineral compositiondata are subdivided into two groups:
cores and grab samples (Appendix III). Because the useful-
ness of relying upon surface grab samples in predicting
economic mineral potential is questioned (A. E. Grosz, per-
sonal communication), the grab sample data are separated
from core data. Appendix III includes separate statistics for
each group. Appendix IV shows statistics for all samples
combined.

Another way of characterizing mineral abundance is to
calculate mineral composition relative to the entire sample
rather than to the heavy-mineral fraction. This is shown in
Appendix V. The data is "weighted” by the total heavy-
mineral concentration so that mineral abundance per ton of
bulk sediment, for example, may be estimated.

Tables 1 and 2 show average and highest values for
certain economic minerals by core, grab, and all samples. The
total heavy-mineral (THM) concentration (average and high-
estvalue) of "grabs” is approximately 50 percent greater than
for cores, and these differences between the THM averages
are significant at the 99.9 percent level of confidence. Aver-
age mineral concentrations, however, were nearly the same
for cores and grab samples, with the exception of zircon and
monazite. Therefore, based on the data, grab samples may be
useful in predicting mineral composition at depth in offshore
sediments, but the grab samples do not appear to be good
indicators of total heavy-mineral concentration. At this time,
the economic potential of sediments can only be established
reliably by core analysis.

As an aid to further assessment of the economic potential
of the area, Appendix V presents the weight percent of
selected minerals with respect to the total sample. Garnar’s
values (or any other standard) can likewise be converted by
multiplying by an economic threshold THM concentration (5
percent), resulting in the following mineral concentrations:
ilmenite 2.25 percent, leucoxene and zircon 0.25 percent,
rutile 0.1 percent, monazite 0.05 percent. Data presented in
this way gives absolute (composition with respect to the bulk
sample) rather than relative abundance and comparisons
between samples or to an industrial standard are meaningful.

ECONOMIC POTENTIAL

The average values for the mineral concentrations shown
of these and other samples are summarized in Table 3. The
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TABLE 1. Average concentrations of selected minerals as a percentage by weight of the heavy-mineral fraction; 100 grab samples,

290 core samples = 390 total.

WT % WT % WT % WT % WT % WT %
THM ILMENITE LEUCOXENE RUTILE ZIRCON MONAZITE
cores 29 240 1.7 14 3.8 0.1
grabs 44 28.6 1.8 12 2.8 03
all samples 3.3 25.2 1.8 13 36 0.1

TABLE 2. Maximum concentrations of selected minerals as a percentage by weight of the heavy-mineral fraction.

WT % WT % WT % WT % WT % WT %

THM ILMENITE LEUCOXENE RUTILE ZIRCON MONAZITE
cores 9.1 60.3 79 32 92 2.5
grabs 14.7 58.8 8.2 2.8 54 1.8

TABLE 3. Several samples indicating economic potential are selected from Appendix ITI. Composition is relative to the heavy
mineral fraction. See Appendix III for additional explanation of tabulated data.

WT % WT % WT % WT % WT % WT % WT %
Sample THM ILMENITE RUTILE LEUCOXENE MONAZITE ZIRCON ECON
HO1-3 55 174 2.7 03 14 7.6 322
Vi-4 08 56.2 1.7 33 03 3.8 66.1
4 93 214 14 3.0 0.2 33 30.8
33 51 58.8 08 0.6 0.1 4.1 65.8
54 14.7 29.0 1.1 0.2 0.4 49 35.9
59 11.0 349 1.5 0.6 0.1 43 424
85 10.8 54.9 24 1.8 0.1 38 63.1
1134-1 8.8 34.0 1.8 03 0.2 4.6 41.1
1136-1 9.0 28.7 11 1.0 P 35 347
C27-3 27 444 2.0 3.0 P 39 56.1
C42-4 32 494 2.0 2.0 0.2 6.7 62.2

in this study are lower than industry standards for mining on
land (Table 1). The maximum values in Table 2 are in excess
of those standards. Although market conditions may alter the
following values, the concentrations of the heavy-mineral
fraction of a hypothetical economic land deposit may be:
ilmenite 45 percent, leucoxene 5 percent, rutile 2 percent,
zircon 5 percent, staurolite 20 percent, monazite 1 percent,
gamet/epidote 15 percent, kyanite/sillimanite 7 percent, and
atotal heavy mineral concentration of 4 or 5 percent (Garnar,
1978). Because there is no offshore production of a similar
suite of heavy minerals within U.S. waters, an economic
comparison to Virginia’s offshore mineral potential cannot be
made. Offshore concentrations may need to have twice the
value of economic land deposits in order for development to
proceed (U.S. Congress, 1987). Additionally, several factors

make it difficult to assess the commercial potential of marine
minerals; the erratic performance of domestic and global
mineral economies and changing technologies affecting both
demand and production being but two factors (U.S. Congress,
1987). There is also a lack of a detailed geologic analysis of
an offshore site, an environmental and resource assessment,
and a feasibility study. The economic potential of the heavy
minerals offshore of Virginia may also depend on the volume
of other co-existing marketable material (including sand and
gravel) present in the deposit.

We have identified over 52 samples with concentra-
tionsof one or more of the "ECON"minerals equal to or greater
than Garnar’s threshold values, assuming a THM of 5 per-
cent. These samples are marked by underlining in Appendix
V and their offshore location is shown on Figure 3. Eleven
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Figure 3. Map showing the location of samples with economic potential.
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of these and other samples are summarized in Table 3, The
compositions of two samples are graphically described in
Figure4. Although total heavy-mineral concentration may be
low in some samples, an exceptional abundance of an individ-
ual mineral, or minerals may encourage further investigation.

CORE V1-4

ALL OTHER MINERALS

ZIRCON 3.8%
LEUCOXENE 3.3%
RUTILE 1.7%
MONAZITE 0.3%

light fraction
ILMENITE 56.2%

ENTIRE SAMPLE

COMPOSITION
HEAVY MINERAL FRACTION

GRAB #4

- ALL OTHER MINERALS

-9.3% THM ZIRCON 3.3%
MONAZITE 0.2%
- LEUCOXENE 3.0%
-~ RUTILE 1.4%
~< ILMENITE 21.4%

fight fraction

ENTIRE SAMPLE COMPOSITION

HEAVY MINERAL FRACTION

Figure 4. Graphic presentation of selected samples.

The decision of which samples to include in Table 3 is
based on several criteria. For economic land deposits, the
average THM concentration should be at least 3 percent.
THM exceeds this in several samples, even though the indi-
vidual mineral abundance may be less than the threshold
values suggested by Garnar (1978). These are included be-
cause the same volume of a mineral may be present at twice
the THM concentration but half the abundance of the heavy-
mineral fraction (THM of 5 percent and ilmenite of 60 percent
would yield a THM of 10 percent and ilmenite of 30 percent).
Also included in Table 3 are samples with THM values less
than 4 percent where certain ECON minerals are in great
abundance, because these samples may have been deposited
inan environment indicating selective enrichment and nearby
higher-grade sediments.

CONCLUSIONS

Analyses indicate that sediments offshore of Virginia
contain occurrences of potentially economic heavy minerals.
High total heavy-mineral (THM) concentrations coupled with
high concentrations of ilmenite, zircon, and to a lesser extent
monazite and rutile, are encouraging and justify further inves-
tigation.

Economic potential is currently determined by acquiring
mineral concentrations from cores. Mineral data from surface
grab samples were used as a guide for locating nearly all
vibracore sites. Surficial mineral data may be misleading
because the relationship between surface and subsurface con-
centrations is not clear. This means that areas characterized
by low surficial mineral concentrations remain as potential
sites for coring.

Mineral concentrations are only part of the information
needed to plan for economic recovery of the resource. Na-
tional need, market conditions, advanced technological re-
quirements, and mining costs are other factors to be consid-
ered. Evaluation of offshore mining potential should assess
all materials; it may be possible to dredge sand for construc-
tion or beach nourishment and extractheavy minerals as a part
of the same operation.

We planned this study as a reconnaissance survey and
therefore did not attempt to precisely define economic min-
eral deposits. An appropriate exploration program would
require many closely spaced seismic lines and deep cores.
Mostof our samples are located within 5 miles of the shoreline
and the most wide-spread coverage of the offshore is based
only on grab samples. Although ridge-fields may be the locus
of high mineral concentrations, too little is known to ignore
other regions of the continental shelf. The shelf seaward of
Commonwealth jurisdiction is largely unexplored. Based on
the high concentrations of minerals revealed in this report
(STAO054 and STA094, Appendix I1I), we recommend addi-
tional surveys further offshore in the Exclusive Economic
Zone.

Finally, more work could be done within 5 miles of the
coast. From aresearch perspective, a natural process respon-
sible for concentrating the offshore heavy minerals has not
beenidentified. Witha greater understanding of the processes
concentrating heavy minerals, areas of high mineral content
could be located more readily. New geophysical techniques,
such as induced polarization, are available and their use may
diminish the need for numerous deep cores. The effects of
dredging on biological resources must also be determined. If
sediments are removed from offshore, the effect of the changed
bathymetry on waves reaching the shoreline must be evalu-
ated. To date, no government heavy-mineral economic re-
source assessment (tonnage and grade) or feasibility study has
been made for the Exclusive Economic Zone offshore of
Virginia. There are several sites off Virginia (Smith Island
Shoal, Hog Island, Virginia Beach, and False Cape) each with
a number of cores having high concentrations of minerals;
those sites are candidates for more detailed analysis.
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APPENDIX 1
LOCATION OF SAMPLES

Loran coordinates are slaves of the 9960 chain. Latitude and
longitude were obtained from automatic conversion of loran
coordinates by the shipboard loran receiver-processor. Data
not available are noted by "*". Locations shown on Figures
5, 6,7, 8,9,and 10.

VIBRACORE SAMPLES

CORE WATER LORANC LATITUDE LONGITUDE
ID DEPTH COORDINATES

FT) Y X

HO1 38 41405.1 271327  3705.00 7545.99
HO2 38 41406.1 271338  3705.12 75 46.19
HO3 37 41408.0 271349 370531 7546.37
H04 38 41409.8 27136.1  3705.50 7546.58
HO5 34 414122 271372  3705.74 75 46.74
HO6 37 413929 271310 3703.94 7546.03
HO7 36 41398.8 271349  3704.56 7546.70
HO8 30 41402.0 271367 3704.89 7546.98
HO9 32 414053 27138.6 370522 7547.29
HO10 35 414085 271374  3705.44 7546.90
HO11 30 41410.7 271393  3705.69 7547.25
HO12 29 414115 27139.7  3705.77 7547.31
HO13 38 41412.8 271409 370592 7547.54
HO14 38 414146 271388  3705.99 7547.01
HO15 30 41413.6 271383  3705.89 754693
BO1 25 41399.5 272029  3707.03 76 01.97
B02 22 414152 272000 3708.20 76 00.74
B03 15 41423.1 27200.1  3708.84 76 00.47
B04 35 413853 272102  3706.13 76 04.17
BO5 25 41369.8 27210.1 3704.87 76 04.71

deg min deg min

V1 48 * * 36 54.53 75 56.56
V2 46 * * 36 53.15 7555.29
V3 49 * * 36 51.80 75 53.84
V4 52 * * 36 50.51 7551.55
V5 * * * 36 54.04 7556.39
V6 47 * * 365241 755041
1090 * * * 36 56.25 76 03.32
1001 * * * 36 56.76 76 03.27
1092 * * * 36 57.20 76 03.60
1093  * * * 36 56.88 76 04.45
1094 * * * 36 57.20 76 04.40
1095 * * * 36 57.55 76 05.20
1096  * * * 36 57.98 76 05.92
1097  * * * 36 58.50 76 05.60
1098  * * * 36 57.98 76 04.80
1099  * * * 36 58.18 76 04.80
1100  * * * 36 58.63 76 04.42
1103 * * * 37 00.55 76 03.35
1106 * * * 3700.72 75 58.70
1107 * * * 3702.34 76 01.00
1109  * * * 3703.75 76 02.00
11 * * * 3705.62 7559.80
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Figure 5. Map showing the location of cores and grab samples off Eastern Shore and index map of sample locations south of the

Eastern Shore.
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Figure 9. Map showing the location of cores taken during the summer of 1987, northern area.
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CORE WATER LORANC LATITUDE LONGITUDE CORE WATER LORANC LATITUDE LONGITUDE

ID DEPTH COORDINATES ID DEPTH COORDINATES

FI) Y X deg min deg min FD) Y X deg min deg min
1116  * * * 3703.42 7558.69 C37 29 27146.0 41201.1  3648.83 75 56.09
1119 * * * 37 01.55 7556.58 C38 34 271400 41200.0 3648.50 7554.74
1120 * * * 3700.70 7555.48 C39 34 271400 41189.8 3647.67 7555.10
1121 * * * 3701.60 75 54.30 C40 30 271425 411900 3647.78 7555.67
1122 * * * 3659.95 7552.25 C41 29 271451 411902 364791 7556.26
1127  * * * 3702.40 7550.05 C42 30 271450 411799  3647.06 75 56.60
1129  * * * 3703.70 75 46.85 C43 32 271426 41180.0 3646.97 7556.04
1130  * * * 3704.00 7547.91 C44 33 271400 41180.0 3646.87 7555.44
1131 * * * 3704.75 7549.32 C45 32 271400 41160.0 3645.24 7556.13
1132 =* * * 3704.24 7551.18 C46 36 27135.1 411599  3645.03 7555.00
1134 = * * 3704.12 7553.28 C47 41 27130.0 411599 3644.81 7553.82
1136  * * * 3702.50 7553.40 C48 29 271250 411600 3644.61 7552.66
1139 * * * 37 04.10 7557.60 C49 35 27125.1 41170.0 3645.43 7552.35
2000 * * * 36 57.05 76 06.62 C50 39 271250 411500 3643.79 7553.01
2001  * * * 36 55.35 76 06.62 WB063 12 272489 413056 3701.10 76 16.02
2002 % * * 36 59.52 76 04.02
110 * * * 3759.25 7513.34
115 * * * 3802.38 7507.15 113 core samples
116 * * * 3801.44 7507.08

*

117 * * 38 00.59 75 01.80
C1 50 27082.8 41961.6  3749.72 7516.37 GRAB SAMPLES
C2 45 27093.2 419740 3751.00 7518.02
C3 35 270479 419749  3750.02 7509.01

C4 36 27129.7 41669.5 3726.61 7536.08 GRAB DEPTH LORANC LATITUDE LONGITUDE
C5 36 27130.0 41670.0 3726.68 7536.12 ID (FEET) COORDINATES
Cé6 36 27130.0 41668.0 3726.51 7536.19 Y X deg min deg min

C7 56 27114.8 41668.1  3726.07 7532.97

C8 32 271345 41629.2 372345 7568.51 1 33.0 41372.0 27153.0  3703.03 75 51.69
C9 34 271335 41626.6 372321 7538.39 2 270 41377.0 271560  3703.55 7552.19
C10 32 271286 41628.0 3723.17 7537.29 3 270 41408.2 271534  3705.99 7550.49
Cl1 32 271349 416100 3721.88 7539.27 4 240 414329 27149.1  3707.85 7548.65
CI12 28 271349 41580.1 371943 7540.32 5 780 41901.9 270480  3743.78 7511.51
CI13 31 271348 415398 3716.11 7541.72 6 822 41920.7 27049.7 374543 7511.25
Cl4 32 271399 414151 37 06.06 7547.21 7 750 419453 270703  3748.03 75 14.54
C15 28 271449 414239 370696 7548.01 8 60.0 41931.1 270768  3747.00 7516.32
Cl6 29 271440 414200 37 06.61 7547.95 9 57.6 419375 270799  3747.62 7516.72
C17 33 271405 414200 370648 7647.17 10 594 41953.0 270764  3748.83 75 15.50
C18 37 271447 412849 3655.61 7552.85 11 516 41961.6 27082.8  3749.71 75 16.48
C19 27 271550 412299 3651.53 7557.15 12 462 41974.0 270932  3751.01 75 18.14
C20 53 271200 412100 3648.50 7549.81 13 444 41959.5 27097.8  3749.90 7519.54
C21 50 27122.0 412109 3648.66 7550.24 14 36.0 41952.5 270909  3749.15 75 18.41
C22 60 27088.0 41229.9 3648.61 7541.26 15 36.0 419479 271198  3749.49 7524.33
C23 44 271350 41830.0 3740.03 7531.52 16 30.0 41949.0 271300 3749.82 7526.35
C24 60 270925 41230.6 3649.07 7542.85 17 300 41939.2 271350  3749.12 7527.71
C25 33 27119.8 41109.6 364026 7553.18 18 36.0 419189 271348 374743 752840
C26 47 27089.6 41049.9 3633.97 7548.14 19 444 41890.6 271350  3745.08 7529.44
C27 45 27095.7 41050.0 363426 7549.56 20 48.0 41869.5 271349  3743.33 7530.17
C28 8 271022 41039.9 3633.73 7551.41 21 474 41850.0 271351  3741.72 753091
C29 37 270903 410400 3633.18 7548.62 22 300 41789.2 271351  3736.69 75 33.05
C30 33 271050 41050.1 3634.70 7551.73 23 36.0 41751.2 27134.0  3733.52 7534.17
C31 25 271027 41040.0 3633.76 7551.52 24 36.0 417394 271342  3732.55 7534.63
C32 35 271014 410499 3634.52 7550.89 25 30.0 41729.8 271346  3731.77 7535.06
C33 37 27099.0 41040.0 3633.59 7550.66 26 522 41740.0 27124.6 373232 7532.59
C34 31 27098.0 41039.8 3633.52 7550.43 27 240 41739.6 271120  3731.92 7529.97
C35 41 27094.8 41039.9 3633.38 7549.68 28 582 41668.1 271148  3726.07 7533.01

C36 25 270922 41040.5 3633.31 7549.05 29 36.0 41669.3 271252 372649 7535.19



GRABDEPTH LORANC LATITUDE LONGITUDE
(FEET) COORD
Y

ID

30
31

36.0
30.0
30.0
30.0
30.0

***************************************************

41669.5
416694
41650.1
41629.2
41619.5
414204
41429.9
41430.2
414300
414269
414239
41419.8
41415.1
41446.8
414470
414477
41449.6
41466.8
41500.0
41510.1
41539.9
41540.1
41540.1
41560.1
41580.1
415799
416100
41369.8
413399
412849
41279.7
41249.6
412419
41226.7
41229.9
412299
41209.8
41209.9
411499
41149.7
411499
41159.9
411599
41159.7
41160.0
41129.5
41109.9
41089.5
41089.8
41050.1
41049.9
410499
41049.8
41050.0
41049.9
41049.9

X

27129.7
27135.1
27134.7
27134.5
271343
27160.1
27157.5
27154.9
27152.4
27147.4
27144.9
27142.7
27139.9
27120.0
27125.5
271319
27134.9
27140.0
27142.0
271349
27134.9
271420
27145.0
27139.9
27134.9
27125.0
271349
27159.9
27154.8
27144.7
27154.9
27154.9
27162.0
271574
27155.0
27144.9
271449
27120.0
27109.9
27113.0
27115.1
27119.9
27125.1
27129.9
271400
27119.0
27119.9
27115.0
27104.9
27105.0
27101.8
27099.8
27097.8
27095.6
27092.3
27089.9

INATES
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deg min deg min

37 26.64 7536.13
372680 7537.28
37 25.19 7537.88
3723.45 7538.55
3722.64 7538.84
3707.22 7551.55
37 07.90 75 50.64
37 07.83 7550.04
3707.73 754949
37 07.30 7548.49
37 06.97 7548.04
37 06.56 75.47.70
3706.07 7547.23
3707.97 7541.73
37 08.18 7542.94
3708.46 7544.32
37 08.71 754491
37 10.31 754544
37 13.09 7544.71
37 13.68 7542.81
37 16.12 7541.76
37 16.37 754330
37 16.47 7543.96
3717.95 7542.15
3719.42 75 40.35
3719.09 7538.23
3721.88 7539.30
37 03.10 7553.31
3700.49 755323
36 55.63 75 52.89
36 55.60 75 55.39
36 53.16 75 56.46
36 52.81 7558.36
3651.40 7557.84
36 51.56 7557.18
36 51.15 7554.85
3649.52 7555.56
3648.51 7549.83
3643.16 7549.55
36 43.28 7550.27
36 43.38 7550.74
36 44.41 7551.51
3644.64 7552.72
3644.82 7553.83
3645.26 75 56.16
3641.88 755233
36 40.31 7553.22
36 38.42 7552.75
36 37.99 75 50.39
3634.72 7551.73
36 34.55 7550.99
36 34.46 75 50.52
36 34.36 75 50.05
36 34.27 7549.53
36 34.10 7548.76
3633.99 754820

GRABDEPTH LORANC LATITUDE LONGITUDE
ID . (FEET) COORDINATES
Y X deg min deg min

86 * 41039.6 27080.7  3632.70 7546.39
87 * 410399 270900 3633.17 7548.56
88 * 410399 270923  3633.28 7549.10
89 * 410399 27095.5 3633.42 7549.84
89A *41039.7 27098.0  3633.53 755044
90 * 410399 27099.0 36 33.59 75 50.66
91 * 41039.8 27102.0 36 33.72 7551.37
92 * 41039.8 27103.0 36 33.78 7551.60
93 * 411299 27067.5 36 39.38 7539.29
94 *  41129.7 27067.6  3639.59 754048
95 * 411299 270723 36 39.82 7541.54
96 * 411299 27076.1 36 40.00 754242
97 * 411299 27080.0 3640.18 7543.32
98 * 411299 27085.0 3640.41 754447
99 * 411300 27092.1  3640.73 7546.10
100 * 411296 27100.0 3641.05 7547.94
101 * 41139.8 271329  3643.32 7555.21
51-1 * * * 3623.00 7549.36
51-2 * * * 3622.00 7549.30
51-3 * * * 36 10.55 7545.52
51-4 * * * 3550.21 7533.38
STA054 * * * 36 33.70 75 30.80
STAOQ55 * * * 3646.00 7513.50
STA056 * * * 3647.10 7532.00
STAQ93 * * * 3729.90 751830
STA094 * * * 3738.90 7513.20

111 grab samples

APPENDIX I
A. GENERAL CHARACTERISTICS OF SAMPLES

Data not available are noted by "*"; total heavy minerals =
"THM"; gravel (particle size >2mm) ="GRAV". Dry sample
weight is in grams. The sum of sample core lengths may be
less than described length (Appendix VII) because notallcore
samples provided enough heavy minerals for analysis. Ab-
breviations: AVG -average, STD - standard deviation, MAX
- maximum value, MIN - minimum value.

CORE SAMPLES
SAMPLED
CORE DRY SAND
LENGTH SAMPLE % %% % PHI WT%

SAMPLE (CM) WT SAND MUD GRAV MEANTHM

NAME

B0O1-1 140 5530 94 6 0 * 391
B01-2 130 6247 93 7 0 * 288
B02-1 137 5447 98 2 0 * 242
B02-2 131 6222 97 3 0 * 388
B03-1 122 5036 97 3 0 * 320
B03-2 122 6038 96 3 0 * 333
B03-3 113 5147 95 5 0 * 326
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SAMPLED
CORE DRY SAND
LENGTH SAMPLE % %o % PHI WT%
SAMPLE (CM) WT SAND MUD GRAV MEAN THM
NAME .

B04-1 289 7882 94 6 0 * 253
BO5-1 261 7522 94 6 0 * 186
B05-2 146 6888 95 5 0 * 182
HO1-1 128 6329 98 0 2 * 386
HO1-2 137 8475 96 1 3 * 510
HO1-3 111 6371 89 3 8§ * 548
HO02-1 8 3000 96 3 1 * 232
H02-2 154 5826 59 41 0 * 109
HO02-3 142 9853 73 27 0 * 134
HO3-1 130 6272 95 1 4 * 214
HO04-1 133 6099 84 16 0 * 306
HO04-2 158 7882 70 30 0 * 137
HO4-3 151 4773 80 19 1 * 157
HOs-1 185 7031 92 5 3 * 367
HO06-1 167 6525 85 15 0 * 313
H06-2 145 6569 81 19 0 * 170
H06-3 152 6278 75 25 0 * 149
HO6-4 140 5228 66 34 0 * 074
HO7-1 112 3607 78 22 1 * 375
HO7-2 128 4222 54 27 19 * 187
HO07-3 132 5433 79 21 0 * 154
HO8-1 134 5799 97 2 1 * 552
HO08-2 144 7567 88 12 0 * 285
H09-1 131 5675 82 18 0 * 362
H10-1 165 6524 87 13 0 * 274
H10-2 174 7300 83 17 0 * 321
HI1-1 189 8912 91 6 3 * 400
H12-1 107 5749 98 1 1 * 688
HI12-2 121 5809 95 2 3 * 534
H13-1 204 8324 93 5 3 0* 223
Hi4-1 148 5771 * * * * 052
H14-2 142 5942 81 16 4 ¥ 149
Vi-1 149 7513 * * ** 117
V1-2 151 7267 * * * %082
V13 152 4400 * * * *x 061
Vi-4 148 5245 * * * o* 083
V2-1 113 4272 * * * * 272
V2-2 152 5530 * * * ox 167
V23 156 6910 * * ¥ ox 390
V24 139 6593 * * ¥ * 212
V4-1 190 4721 * * R W
V4.2 134 7979 * * * * 1.06
V4-3 163 4606 * * * % 139
V4-4 153 3766 * * ¥ ox 135
V3-1 152 7305 93 5 2 * 142
V3-2 143 6432 64 34 2 * 050
V5-1 108 2317 88 12 0 * 195
V5-3 155 5565 95 5 0 * 126
V5-4 110 3610 94 5 1 * 120
V5-5 128 6424 90 3 7 * 144
V6-1 147 5843 94 6 0 * 248
V6-2 148 7051 91 7 2 * 1
1090-1 165 8649 83 17 0 * 246
1090-2 189 15448 86 14 0 * 19

SAMPLED
CORE DRY SAND
LENGTH SAMPLE % % % PHI WT%
SAMPLE (CM) WT SAND MUD GRAV MEAN THM
NAME

1091-1 150 10348 85 15 0 * 236
1091-2 150 11148 85 15 0 * 1M
1091-3 170 13447 78 22 0 * 161
1092-1 236 14850 91 2 7 * 170
1092-2 242 10450 89 2 9 * 103
1094-1 158 14049 92 8 0 * 115
10942 179 13151 76 24 0 * 101
1095-1 160 12648 87 13 0 * 251
10952 150 12949 91 9 0 =* 230
1096-1 150 11850 87 12 0 * 184
1096-2 150 13049 73 26 1 * 223
1097-1 200 17950 93 7 0 * 260
1097-2 180 16951 76 19 6 * 139
1097-3 146 13450 75 22 3 * 126
1098-1 191 14849 75 0 25 * 178
1098-2 190 14051 65 33 2 * 058
1099-1 257 15550 73 24 3 * 118
1099-2 200 15849 78 5 17 * 178
1100-1 162 12651 94 6 0 * 264
1100-2 180 16249 88 11 1 * 251
1103-1 160 7851 84 12 5 * 180
1103-2 125 4651 69 22 8 * 162
1103-3 215 12851 93 6 2 * 174
1106-1 145 13450 99 0 =* 359
1106-2 151 14148 99 1 0 * 263
1107-1 165 15450 99 1 0 * 435
11072 167 15048 98 2 1 * 183
1109-1 238 11050 91 9 0 * 308
1111-1 148 11450 92 8 0 * 276
1111-2 186 15110 50 10 0 * 320
1116-1 193 10850 88 12 0 * 439
1116-2 217 15751 83 14 2 * 400
1119-1 205 19051 99 1 0 * 243
11192 123 19666 96 4 0 * 239
1120-1 160 12650 98 2 0 * 195
1120-2 175 15449 95 4 0 * 305
1121-1 236 19649 96 4 0 * 34
1122-1 145 12251 92 7 1 * 567
1127-1 140 11348 92 8 0 * 551
1127-2 138 11850 82 18 0o * 270
1129-1 145 1648 95 5 0 * 765
1129-2 145 12849 86 14 0 * 611
1130-1 125 10848 91 6 3 * 117
1130-2 128 9448 66 34 0 * 19
1131-1 182 15648 85 11 4 * 592
1132-1 164 14450 93 6 1 * 632
1134-1 181 16649 97 3 0 * 879
1134-2 169 15997 94 6 0 * 682
1136-1 150 12650 95 4 0 * 901
1136-2 150 12448 94 5 0 * 642
1136-3 185 15850 91 8 0 * 334
1139-1 184 13950 99 1 0 * 244
2000-1 160 6050 78 22 0 * 200
2000-2 160 9748 64 36 0 * 239
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SAMPLED
CORE DRY SAND
LENGTH SAMPLE % %o % PHI WT%
SAMPLE (CM) WT SAND MUD GRAV MEAN THM
NAME

SAMPLED
CORE DRY SAND
LENGTH SAMPLE % %o % PHI WT%
SAMPLE (CM) WT SAND MUD GRAV MEAN THM
NAME

2001-1 164 10048 73 27 0o * 202
2002-1 177 9750 95 5 0o =* 375
2002-2 162 11051 88 12 0 * 301
110-1 215 7850 84 16 0 * 260
110-2 161 3950 88 11 1 * 221
110-3 156 3950 73 26 2 * 141
115-1 184 5348 58 42 0o * 074
116-1 85 3450 97 0 3 * 058
1162 275 9251 61 38 1 * 054
1163 190 6848 96 2 2 * 217
116-4 176 6450 97 1 2 * 092
116-5 94 1948 99 1 0 * 166
117-1 150 5649 92 3 6 * 126
117-2 140 6351 79 3 18 * 387
117-3 145 5050 89 2 9 * 395
117-4 150 5251 98 1 1 * 284
Cl-1 154 6661 945 21 34 * 218
C1-2 155 6332 930 62 0.8 231 3.18
C1-3 155 6516 939 58 02 * 209
Cl4 157 7682 813 187 00 * 195
C2-1 145 6579 67.0 321 09 2.69 4.12
C2-2 155 6186 349 651 00 * 1380
C2-3 145 5802 498 501 01 * 265
C24 115 3712 649 343 08 * 141
C3-1 154 4543 553 445 03 325399
C3-2 129 4244 763 236 01 3.14 421
C33 155 5087 546 452 02 324 354
C34 189 7341 534 464 0.1 3.09 3.36
C4-1 156 4863 504 479 17 * 265
C4-2 154 5783 783 213 04 * 240
C4-3 142 7339 940 60 00 * 266

Cs5-1 151 6692 873 76 51 * 203
C5-2 155 7526 744 253 04 * 291
C5-3 155 7033 758 239 03 261 351
C54 149 6290 655 306 4.0 277 331
C6-1 155 4727 515 468 1.7 2.76 4.38
C6-2 154 3391 181 819 00 * 255
C6-3 176 5643 587 408 0.5 3.19 5.78
C7-1 152 5787 731 245 24 305314
C7-2 110 4759 652 325 23 * 145
C73 111 4291 602 394 04 * 235
C8-1 72 2669 830 53 116 2.08 345
C8-2 177 6820 888 112 00 3.02 6.75
C8-3 153 5747 459 540 0.1 299 3.65
C84 131 5615 713 283 04 3.13 356
C9-1 155 6388 802 142 56 276 4.63
C9-2 152 6099 858 142 00 292 3.84
C9-3 173 5206 751 246 03 274 3.16
C10-1 147 4808 579 406 1.5 247 322
C10-2 160 8318 698 294 0.8 3.06 4.07
C10-3 139 6195 797 196 0.7 3.08 498
C10-4 143 5815 589 406 05 3.18 4.53
Cii-1 118 5641 834 55 62 * 188
Cl1-2 114 4900 945 47 09 * 181

C11-3 159 5919 379 620 00 3.20 3.53
Cl114 157 4455 563 437 0.0 3.20 3.08
C12-1 155 6746 89.5 102 03 293 5.62
Ci2-2 142 5474 60.7 393 0.0 3.15 532
C12-3 126 2801 760 240 00 3.19 9.12
C124 123 5713 833 149 18 3.5 740
C13-1 223 10455 89.5 73 33 235 321
C1322 191 9619 86.8 132 00 * 264
Ci133 171 7196 890 110 00 * 173
C14-1 143 6350 812 184 04 3.04 447
C14-2 131 4084 332 668 00 * 199
Ci4-3 220 8595 56.7 433 0.0 3.35595
Cl4-4 185 6625 613 387 0.0 340 561
Ci5-1 188 6711 780 220 0.0 3.06 5.70
C152 210 9208 718 222 0.0 3.27 6.57
Cl6-1 169 7624 857 132 1.1 3.02 691
C16-2 96 3937 701 299 00 3.19 536
Ci7-1 155 6583 88.1 119 0.0 297 3.80
C17-2 130 5722 701 298 0.1 321426
C173 89 3211 508 490 02 3.254.03
C174 100 3223 795 205 0.0 3.20 527
C17-5 150 5281 58.1 419 0.0 3.36 5.72
C18-1 209 8689 90.3 96 0.1 267292
C18-2 50 5757 874 122 04 2.84 350
C19-1 190 7996 798 129 73 297 4.06
C19-2 155 6435 87.0 123 07 * 205

C19-3 208 8423 90.0 98 02 * 208
C20-1 258 12131 419 563 1.7 * 129
C20-2 150 5957 575 252 173 * 175
C20-3 151 6511 189 811 00 * 097
C20-4 210 7489 289 711 00 * 193
C21-1 220 8954 3.7 604 80 * L1
C22-1 150 6886 93.5 44 22 * 154
C22-2 155 6157 939 54 07 * 176
C22-3 115 4660 845 152 03 * 238
C22-4 125 5913 87.8 104 18 * 122
C23-2 151 7368 478 522 00 * 143
C23-3 155 7505 764 190 46 * 159
C23-4 155 8563 86.9 58 73 * 095
C24-1 160 5552 89.2 39 69 * 105
C24-2 155 71354 93.3 64 04 * 149
C25-1 155 7111 577 345 178 * 041
C25-2 136 6072 80.8 165 27 * 139
C25-3 137 7887 707 204 89 * 177
C26-1 171 8910 924 7.1 05 239 353
C26-2 173 6898 570 413 18 * 260
C26-3 164 7093 243 728 29 325 5.11
C27-1 173 5973 447 528 25 * 228

C27-3 183 7626 462 412 126 * 266
C28-1 159 5817 98.7 1.3 00 198 188
C28-2 151 7552 93.6 64 0.1 244 327
C28-3 154 6419 90.3 92 0.6 256 3.08
C28-4 149 6537 793 206 01 * 240
C29-1 193 8102 93.9 37 24 226453
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SAMPLED
CORE DRY SAND
LENGTH SAMPLE % % % PHI WT%
SAMPLE (CM) WT SAND MUD GRAV MEAN THM
NAME

SAMPLED
CORE DRY
LENGTH SAMPLE %

%

SAND
% PHI WT%

SAMPLE (CM) WT SAND MUD GRAV MEAN THM

C29-2 170 6691 270 729 02 * 129
C30-1 177 5162 521 475 05 * 296
C31-1 140 5757 978 1.9 03 156 0.72
C31-2 165 6361 97.1 25 05 207 1.52
C31-3 135 5290 856 141 0.3 286 3.14
C314 150 5327 714 280 0.5 293 3.99
C32-1 156 6304 8.7 123 10 * 271
C32-2 154 5486 560 428 11 * 273
C32-3 144 11583 62.1 369 10 2.80 3.39
C33-1 154 6265 715 224 00 * 195
C332 155 7031 622 325 53 * 250
C33-3 154 5604 540 455 05 * 242
C334 156 5610 213 293 494 * 124
C34-1 171 6675 91.7 20 03 1.72 1.08
C34-2 153 8136 938 59 03 224 377
C343 153 7062 81.1 165 24 * 214
C35-1 156 6198 166 834 01 * 1.78
C354 142 6189 610 389 00 * 131
C36-1 125 7861 932 19 49 1.11 0.62
C362 138 6703 9.7 20 13 151073
C36-3 136 3207 95.8 37 05 * 086
C364 100 5024 965 22 13 206 0.80
C37-1 173 9625 88,6 110 04 3.054.40
C37-2 173 9367 8.6 118 16 * 222
C37-3 150~ 7881 846 153 0.1 242216
C38-1 156 7625 847 149 05 * 199
C38-2 154 5232 395 503 102 * 232
C39-1 181 8642 91.7 82 0.1 3.09 440
C39-2 182 11016 873 101 26 245413
C39-3 180 6805 88.3 98 19 251 260
C40-1 145 5965 914 84 01 3.13 456
C40-2 153 5942 839 152 09 282 4.18
C40-3 148 4916 89.0 109 0.1 267 275
C41-1 136 5733 910 85 0.6 3.07 3.86
C41-2 127 4435 620 348 32 * 183
C41-3 139 6148 966 34 0.0 2.07 265
C42-1 157 6202 712 221 6.7 229 356
C42-2 154 7423 787 209 05 229 435
C42-3 152 6223 594 406 00 288 *
C42-4 149 5803 486 512 02 * 317
C43-1 177 7165 89.1 85 24 279 638
C43-2 173 4961 90.8 87 04 250 3.5s
C43-3 167 6385 78.1 219 00 3.07 6.72
C44-1 177 7886 866 133 0.1 3.09 649
C44-2 175 5891 938 62 0.0 244 3.50
C44-3 172 4742 842 154 04 * 174
C45-1 145 4886 289 700 1.0 2.08 3.01
C45-2 145 5272 860 110 31 * 263
C45-3 131 8007 83.5 54 111 * 285
C46-1 155 7107 772 216 12 243 336
C46-2 155 7049 724 263 13 * 220
C46-3 152 5843 47.1 525 04 201 2.19
C46-4 151 7186 836 160 04 195304
C47-1 195 8006 379 613 08 243 447

NAME
C47-2 160 6466 644 244 111 * 162
C48-1 188 8141 96.5 1.5 20 * 089
C48-2 202 7573 979 19 03 164 091
C48-3 195 9661 962 25 14 148 0.74
C48-4 118 3750 938 24 38 * 179
C49-1 161 8588 98.8 12 00 146 1.00
C49-2 154 8152 923 45 32 157082
C49-3 142 6892 80.7 63 40 * 166
C49-4 117 4366 705 226 69 199 4.14
C50-1 154 4832 368 632 00 * 266
WB063-1 105 4867 920 79 01 * 207
WB063-2 152 5720 873 127 00 * 213
WB063-3 153 5667 788 21.1 01 * 253
SUM 45430 2232476
AVG 157  7698.19 79.07 1899 194 2.67 2.87
STD 31 3407.28 1830 1796 443 0.54 1.66
MAX 289 19666.46 99.13 83.36 49.36 3.40 9.12
MIN 50  1948.00 1658 0.30 0.00 1.11 0.41
B. GRAB SAMPLES
DRY WT%
SAMPLE NAME SAMPLE WT THM

1 5139 7.28

2 8707 6.08

3 3681 5.29

4 4224 9.30

5 5219 7.62

6 5754 2.29

7 4819 2.10

8 7372 1.67

9 6865 1.74

10 4550 7.68

11 7128 1.53

12 2436 8.13

13 2323 3.01

14 5399 5.51

15 3551 5.94

22 1760 4.53

23 1892 1.99

24 2226 3.78

25 3025 5.64

27 3369 0.73

28 915 2.69

29 2016 433

30 3967 7.00

31 1986 3.03

32 3291 8.06
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DRY WT% DRY WT%
SAMPLE NAME SAMPLE WT THM SAMPLE NAME SAMPLE WT THM
33 2160 5.12 93 6291 0.97
34 2135 7.70 94 8021 0.82
35 2443 7.12 95 7902 042
36 7242 9.07 96 6542 0.79
39 4873 8.35 97 6502 1.12
40 4037 5.25 98 7250 6.25
41 4940 8.62 100 5395 448
42 4807 11.06 101 4760 347
43 6902 2.94
44 4871 412
45 3058 2.35 SAND
46 5008 6.80 SAMPLE DRY % % % PHI WT%
47 5440 6.18 NAME SAMPLEWT SAND  MUD GRAV MEAN THM
48 7457 9.39
49 4147 6.32 STA054 5074 97.1 28 0.1 220 512
50 5221 6.30 STA055 5806 980 14 06 * 0.50
51 7310 6.49 STA056 6034 983 14 03 * 0.83
52 6758 5.90 STA093 6635 941 59 0.0 280 5.64
53 4421 7.79 STA094 6323 968 3.0 0.2 247 1745
54 8332 14.66 51-1 19715 * * * * 0.79
55 5705 7.87 51-2 14692 * * * * 0.09
56 4445 7.95 51-3 19892 * * * * 0.08
57 5197 7.79 514 17330 * * * * 9.99
58 4521 544 o
59 4225 11.02 SUM 583373
60 3268 451 AVG 5833 968 29 03 249 443
61 4354 6.08 STD 3210 17 18 02 030 3.14
62 6037 293 MAX 19892 983 59 06 280 14.66
63 5352 3.65 MIN 915 941 14 00 220 0.08
4 4969 5.32
65 7957 1.53
66 4451 6.79
67 9247 2.55
68 7737 1.14
69 3984 0.83
70 8017 0.65
71 5209 1.19
72 5858 1.94
73 3682 492
74 3265 4.40
75 6309 0.55
76 9407 0.48
77 3685 1.51
78 10006 1.04
79 9230 0.14
80 5224 474
81 3607 439
82 7652 1.31
83 7693 0.70
84 6450 0.51
85 5742 10.75
86 5499 1.31
87 4884 4.16
88 4114 0.44
89 4047 5.22
89A 7306 438
90 11051 0.80
91 6650 452
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EXPLANATION OF MINERAL COMPOSITION
DATA for Appendices IIL, IV, and V

"P" means several grains of the mineral were observed, that s,
the mineral was present in the sample.

Mineral names not spelled completely in column headings
have been abbreviated as follows: IL = ilmenite, MAG =
magnetite and an undetermined amount of titanomagnetite,
GAR = garnet, EP = epidote, STAUR = staurolite, PYROB-
OLE = pyroxene and amphibole minerals combined, SILL/
KY =sillimanite and kyanite, TOURM = tourmaline, LEUC
= leucoxene, MONA = monazite.

"ECON" is the sum of the weight percents of ilmenite, rutile,
leucoxene, sillimanite/kyanite, monazite, and zircon.
"RHM" indicates recovered heavy minerals.

"THM" indicates total heavy minerals.

"*" indicates data not available.

"<0.01" indicates less than 0.01%.

"STD" is the standard deviation.

"AVG" is the average.

APPENDIX III
MINERAL COMPOSITION OF SAMPLES
CORE SAMPLES

SAMPLE WT'% WT% WIT% WIT% WT% WT%
NAME MAG 1IL GAR EP STAUR PYROBOLE

BOI-1 936 1430 15.01 942 028 2757
BO1-2 7.06 1470 2042 884 433 24.67
B02-1 544 1996 2541 587 337 19.36
B02-2 540 20.09 1599 8.14 021 30.10
B03-1 470 1671 11.37 1191 0.10 3423
B03-2 7.01 1369 1871 906 0.25 3045
B03-3 495 1523 1438 7.08 0.39 22.14
B04-1 525 12,60 1480 8.10 0.56 30.74
B05-1 4.83 21.03 17.06 837 6.14 21.62
B05-2 505 2554 1242 751 486 18.66
HO1-1 315 29.89 2202 8.10 277 11.70
HO1-2 926 1722 17.52 473 0.06 26.12
HO1-3 11.00 1739 932 380 254 9.65
HO2-1 396 15.86 12.14 6.39 037 26.30
H02-2 928 2044 889 1750 P 27.117
HO2-3 400 13.39 11.76 4.63 027 2392
HO03-1 437 17.15 1249 546 0.73 31.75
H04-1 7.74 1532 1607 8.58 0.07 26.94
H04-2 1082 1324 852 391 6.72 34.81
HO04-3 13.11 1484 1160 7.62 0.71 23.98
HO5-1 867 1589 502 643 034 27.76
H06-1 645 1435 944 691 0.06 31.64
HO06-2 336 2023 1909 782 452 18.63
HO6-3 240 1531 1420 6.65 0.03 27.99
HO06-4 525 1002 11.81 745 0.29 28.39
HO7-1 804 1923 1729 760 0.35 27.12
HO7-2 333 1319 1854 433 294 32.81

SAMPLE WT % WT % WT % WI% WT% WT%
NAME MAG IL GAR EP STAUR PYROBOLE
H07-3 12.80 992 1222 693 0.03 32.10
HO8-1 7.28 20.72 1497 647 0.07 29.19
HO08-2 9.09 1452 1664 7.80 0.07 28.64
H09-1 17.07 7.65 1476 520 0.31 20.35
H10-1 17.56 936 1273 7.74 0.11 2297
H10-2 18.03 8.76 1505 624 044 19.17
H11-1 1078 1548 1957 7.61 0.01 28.73
H12-1 668 20.71 15.84 541 027 24.34
Hi2-2 809 1269 1158 4.88 0.22 20.59
Hi3-1 935 2024 675 222 230 20.94
H14-1 420 1459 2026 896 3.27 2222
H14-2 12.36 925 1134 483 2.82 17.86
V-1 269 1944 1781 849 0.19 33.27
V12 142 5071 669 1280 234 11.45
V13 144 4572 254 1281 3381 1742
Vi-4 168 5622 629 6.12 1.86 9.13
V2-1 407 2385 1524 740 095 2845
V22 309 4522 976 9.11 0.63 10.55
v2-3 051 37.16 1473 1508 1.95 13.53
V24 168 5009 482 751 0.85 11.62
V4-1 572 2383 1295 496 123 31.79
V42 085 3830 9.62 992 248 22.49
v4-3 221 3238 1096 17.14 135 18.03
V44 221 4516 8.87 1337 117 1121
V31 234 3251 1271 718 252 19.32
V32 081 3621 337 15.10 2.59 22.50
VS5-1  3.03 1817 1598 877 2.19 23.85
V53 155 4275 6.65 1218 297 17.57
V54 310 4427 572 1365 181 13.28
V5-5 886 4579 950 3.69 281 10.54
V6-1 692 2409 18.17 401 035 2281
V6-2 428 2497 1486 781 144 22.39
1090-1 830 26.15 1481 9.05 0.39 23.17
1090-2 5.13 2584 1638 9.67 0.79 22.06
1091-1 3.67 24.11 1531 810 0.52 25.00
10912 257 3041 1436 8.63 038 17.26
1091-3 6.14 3786 1046 6.19 0.90 15.72
1092-1 0.85 4528 9.81 13.01 148 13.12
1092-2 0.76 4682 3.69 1491 1.23 11.84
1094-1 324 36.10 13.20 720 1.13 19.94
1094-2 136 4767 906 10.53 0.62 11.02
1095-1 10.29  23.13 1831 6.16 081 20.61
1095-2 1.15 4639 4.67 1689 229 9.85
1096-1 5.82 2574 1369 10.06 0.77 26.12
1096-2 2.83 39.03 8.67 1806 125 14.07
1097-1 562 3025 1461 9.00 0.80 2133
1097-2 115 4666 5.15 1761 141 10.96
10973 125 5325 856 452 0.76 1422
1098-1 0.75 49.89 539 1501 263 12.70
1098-2 143 6033 201 696 134 12.44
1099-1 6.62 34.19 1261 861 0.76 17.69
1099-2 140 5102 631 11.53 148 10.79
1100-1 10.58 24.72 13.15 516 0.58 2744
1100-2 2.78 4503 7.06 10.58 1.64 1647
1103-1 2.55 3864 1457 6.16 0.77 23.49
11032 1.37 40.50 1230 7.54 051 17.34
1103-3 12,07 2150 1801 739 0.66 2252
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SAMPLE WT % WT% WT% WT% WIT% WT% SAMPLE WT % WT % WIT% WI% WT% WT%
NAME MAG IL GAR EP STAUR PYROBOLE NAME MAG IL GAR EP STAUR PYROBOLE
1106-1 3.78 37.70 22.82 7.69 0.05 16.22 C33 756 1959 17.74 1780 0.81 10.55
1106-2 467 2936 2027 7.10 1.19 24.50 C34 248 2990 1626 551 019 13.63
1107-1 400 30.76 17.18 6.55 1.03 24.53 C4-1 500 1734 2345 499 207 29.73
11072 507 1967 1991 698 0.60 31.65 C42 211 1476 1473 889 1.84 38.22
1109-1 727 2270 1594 1086 0.88 25.25 C4-3 166 1843 2078 6.01 0.15 23.40
1111-1 12.52 2443 1748 6.26 0.13 2292 C5-1 164 2947 1819 781 487 19.83
1111-2 1098 29.74 1942 6.08 025 16.84 C52 298 1195 1424 506 1.00 3842
1116-1 1345 2536 1521 5.66 046 21.73 C53 418 11.15 1586 885 4.57 35.23
1116-2 9.73 2764 17.18 6.12 051 18.44 C54 925 1091 1666 848 5.73 24.74
1119-1 4.89 21.87 20.14 7.07 0.84 27.59 C6-1 513 2048 1727 9.67 5.36 22.73
11192 697 28.19 1936 4.85 034 22.53 c6-2 631 17.09 2136 353 110 27.13
1120-1 441 2462 1608 8.01 0.85 27.70 C6-3 12.64 891 2272 426 4.89 2440
11202 829 3217 20.13 562 042 16.72 C7-1 996 19.80 2424 575 0.88 22.84
1121-1 1507 21.04 21.66 1.60 1.00 17.90 C7-2 184 3286 3194 490 5.76 8.76
1122-1 13.18 2739 1392 739 0.62 21.18 C7-3 1301 2462 21.77 638 0.80 17.61
1127-1 1328 24,63 17.10 551 0.76 2221 C8-1 478 3041 1695 5.04 0.16 22.26
11272 722 2896 1572 949 0.04 20.32 €82 1533 10,70 1911 717 434 25.32
1129-1 1225  23.13 16.71 8.69 0.34 2235 C8-3 10.01 895 2321 465 090 35.93
1129-2 1383 1866 1593 7.88 048 25.12 c84 17.87 797 21.15 623 0.90 28.65
1130-1 1835 21.58 2130 6.54 0.16 16.67 C9-1 847 2117 981 9.05 299 29.10
1130-2 10.01 2301 1421 9.11 0.13 23.44 C9-2 431 2191 1745 568 123 33.58
1131-1 27.58 26,69 10.79 6.68 0.33 9.78 €93 623 2063 11.03 1261 279 19.35
1132-1 20.71 2169 1836 5.14 032 16.23 C10-1 5.88 2628 2534 6.85 1.10 17.29
1134-1 12,12 3399 2154 357 052 11.35 C10-2 15.78 989 13.03 1029 207 29.13
1134-2 1529 3093 19.10 3.51 0.20 14.38 C10-3 1435 950 1626 736 4.13 16.68
1136-1 11.98 2872 1954 3.18 050 15.71 C10-4 1436 6.70 12.14 585 1.39 24.97
1136-2 11.98  28.09 1574 723 021 16.48 Ci1-1 149 1779 1414 510 3.64 35.86
1136-3 8.19 2935 1901 810 0.65 19.26 Ci1-2 030 1544 787 3.61 478 45.26
1139-1 498 26.64 22.64 465 081 25.01 C11-3 849 1490 2000 262 026 19.48
2000-1 328 2655 1697 9.61 0.22 26.11 Cl1-4 737 1973 1455 6.59 022 1791
2000-2 254 2159 17.11 866 0.06 30.57 C12-1 1120 1553 26.46 1550 145 17.67
2001-1 3.77 2024 1892 861 0.33 29.24 C12-2 20.32 9.63 1337 1155 1.85 19.86
2002-1 5.07 29.15 1749 924 029 15.74 C12-3 2336 1476 1684 582 134 15.49
2002-2 472 2941 13.72 10.77 0.39 23.09 Cl12-4 25.36 8.14 19.82 950 333 12.12
110-1 354 3248 1277 834 146 19.94 C13-1 6.03 1526 1926 1077 17.79 21.77
110-2  7.16 18.77 1797 998 0.46 28.35 C13-2 700 1144 17.04 957 115 28.93
110-3 160 2025 15.16 940 2.78 33.65 C13-3 7.07 1258 1532 428 0352 2747
115-1 121 2803 16.83 6.19 274 26.20 C14-1 1345 936 15.85 7.04 1.65 37.40
1161 090 3150 14.06 752 328 28.20 C14-2 1533 647 1270 519 036 31.01
1162 075 3164 1478 6.13 2.50 23.09 C14-3 14.16 9.07 11.25 11.56 4.24 19.86
116-3 138 3592 13.50 10.10 2.70 19.21 Cl4-4 2223 328 1836 622 0.56 27.10
116-4 037 3639 1397 634 237 20.77 C15-1 13.16 1247 999 1123 3.03 30.55
116-5 023 3124 1521 760 204 24.26 C15-2 23.12 732 1471 934 6.39 21.93
117-1 029 2986 1512 5.09 3.17 30.09 Cl6-1 13.02 13.61 1959 1396 8.84 11.52
117-2 007 2772 30.70 454 3.13 19.30 Cl16-2 13.67 331 1430 823 6.21 33.05
117-3 009 2832 27.00 5.09 2.68 24.08 Cl17-1 964 1547 1653 1436 3.61 20.59
117-4 0.14 2280 23.07 6.55 3.76 32.50 C17-2 16.24 830 1737 713 P 22.88
Ci-1 029 2994 2257 535 352 10.75 C17-3 16.05 516 1363 7.13 1.17 30.96
Cl-2 067 1744 1546 554 1772 33.54 C17-4 17.79 6.81 16.05 1166 1.22 29.02
C1-3 065 1708 2091 594 180 30.95 C17-5 22.83 403 1706 622 119 24.82
C14 070 1587 1513 482 186 39.82 C181 3.89 1079 11.02 7.69 191 39.39
C2-1 421 2713 2398 491 127 18.11 C18-2 5.13 8.86 20.23 14.00 4.61 24.61
C2-2 371 19.63 2177 6.09 0.69 20.84 C19-1 1342 13.38 1122 731 3.07 29.52
C23 367 2060 1593 497 3.67 31.30 C19-2 572 13.82 1445 1286 5.78 28.16
C24 158 2501 1805 6.50 3.86 17.79 C19-3 126 17.83 14.77 12.04 6.17 29.31
C3-1 472 1067 19.11 962 0.59 2049 C20-1 275 2649 1005 493 3.62 30.00
C32 516 2091 1798 535 0.12 12.76 C20-2 4.12 2358 1371 8.09 3.69 18.92
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SAMPLE WT % WT % WIT% WT% WT% WT%
NAME MAG IL GAR EP STAUR PYROBOLE
C20-3 647 1861 454 1575 943 15.36
C20-4 1317 2174 4.15 1278 198 18.54
C21-1 529 2212 1420 1309 3.37 16.54
C22-1 281 2596 9.17 755 282 28.80
C22-2 323 2430 1264 513 1.66 31.32
C22-3 941 2086 1405 819 378 22.63
C22-4 555 2499 1150 446 420 29.44
C23-2 502 2124 1583 850 222 29.93
C23-3 191 2434 1414 574 254 33.14
C23-4 049 2403 1168 458 291 27.96
C24-1 170 2892 1341 711 217 25.15
C24-2 468 2497 1204 841 690 19.96
C25-1 043 3522 785 990 3.30 19.44
C25-2 0.84 3587 830 8.09 284 16.51
C25-3 053 2761 1334 857 284 18.55
C26-1 437 - 3339 6.59 1252 260 18.97
C26-2 695 19.76 1047 767 211 2498
C26-3 1717 847 1341 682 275 2590
C27-1 507 1869 871 1083 176 31.11
C27-3 069 4443 1058 597 2.02 13.76
C28-1 035 34.13 1080 948 3.87 20.96
C28-2 5.82 2608 951 7.06 3.10 2547
C28-3 526 1820 1689 798 193 21.39
C28-4 4.12 2867 653 912 198 21.76
C29-1 265 3962 1020 6.68 2.75 16.99
C29-2 143 3161 700 892 156 26.50
C30-1 226 2422 1124 8359 4.5 22.09
C31-1 051 3459 953 688 3.28 26.81
C31-2 120 3677 477 1096 336 19.05
C31-3 553 3061 1427 766 4.15 13.96
C314 962 13.02 1223 1292 5.14 22.57
C32-1 479 2779 815 734 042 29.83
C32-2 766 1624 1354 892 398 24.26
C32-3 998 24.02 1040 1035 1.30 20.08
C33-1 752 1339 1045 923 265 27.56
C33-2 792 1307 1236 8.88 1.06 26.97
C33-3 9.04 1320 1226 10.87 224 21.20
C33-4 524 2495 1096 791 162 20.18
C34-1 042 3291 1070 5.88 196 31.74
C34-2 314 3286 1234 740 354 19.73
C34-3 644 1764 1005 9.08 143 31.16
C35-1 3.02 2055 1040 632 1.00 2295
C354 195 2982 866 9.02 334 18.33
C36-1 090 41.83 1896 644 501 11.08
C36-2 048 34.89 1183 539 505 22.53
C36-3 1.10 40.04 1063 673 240 19.16
C36-4 203 26.01 11.89 589 4.79 23.76
C37-1 1157 1350 1823 899 293 21.83
C37-2 0.69 2693 16.73 868 2.79 22.79
C37-3 188 3055 1143 380 3.87 25.74
C38-1 698 14.17 1268 6.71 2.53 35.29
C38-2 092 1975 1699 974 331 15.77
C39-1 9.77 18.74 16.53 4.00 081 3143
C39-2 137 2136 1572 891 0.13 37.79
C39-3 130 2926 1863 406 2.18 29.39
C40-1 1055 19.23 1607 10.10 4.66 19.00
C40-2 384 2296 11.15 480 184 34.39

SAMPLE WT % WT % WT % WT %

WT %

WT %

NAME MAG IL GAR EP STAUR PYROBOLE
C40-3 120 2574 1487 6.61 1.56 3143
C41-1 896 1992 1992 1325 347 14.19
C41-2 270 2079 1198 10.89 3.82 16.53
C41-3 253 2550 1400 4.10 221 32.40
C42-1 162 3440 1150 1021 3.59 18.08
C42-2 3.07 3144 1340 775 1.85 21.65
C42-3 333 31.18 2043 926 488 1048
C42-4 190 4940 545 745 266 13.35
C43-1 10.23 5.11 2139 2435 8.86 11.63
C43-2 151 2884 1477 769 249 2197
C43-3 444 1849 1821 340 222 33.12
C44-1 905 1445 1417 7.09 293 3246
C44-2 040 27.87 1728 1048 4.74 20.12
C44-3 3.07 2432 1147 6.16 7.00 23.30
C45-1 4.00 13.30 1927 11.75 6.53 24.63
C45-2 120 1699 1392 1237 5.72 26.76
C45-3 084 2221 1395 528 290 22.70
C46-1 369 1962 1764 1004 3.71 2237
C46-2 114 2284 1430 807 444 2748
C46-3 281 17.80 1299 576 4.84 26.92
C46-4 1.11 29.17 1415 8.14 323 21.86
C47-1 649 18.15 1437 880 2.67 2794
C47-2 043 3349 1083 8.53 5.08 18.71
C48-1 049  29.11 14.09 1436 6.38 1522
C48-2 0.77 16.89 1521 10.54 4.60 2229
C48-3 107 2771 1383 850 5.70 17.69
C48-4 0.85 2965 1692 573 591 18.64
C49-1 0.69 28.89 1056 1032 648 17.97
C49-2 050 3027 9.58 1244 855 16.16
C49-3 083 2511 953 799 347 33.40
C494 062 21.71 1472 1186 4.63 23.87
C50-1 203 2040 428 446 294 6.43
WB-

063-1 024 3920 474 1724 3.73 18.50

063-2 067 40.78 4.70 1052 261 16.21

063-3 201 3564 264 1571 226 15.29
AVG 603 2401 1442 810 228 22.79
STD 537 1071 495 3.14 195 6.96
MAX 27.58 6033 3194 2435 943 45.26
MIN 0.07 328 201 160 0.00 643
SAMPLE WT% WT% WT% WT% WI% WT%
NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA
BO1-1 097 085 057 057 078 P
BO1-2 0.59 1.01 175 025 058 0.12
B02-1 1.04 1.66 154 019 025 046
B02-2 0.64 055 057 028 186 0.15
B03-1 0.56 073 059 1.09 0.86 0.05
B03-2 0.70 120 040 072 070 0.04
B03-3  1.68 1.06 072 129 170 P
B04-1 094 050 000 033 074 P
B0OS-1  0.65 331 092 018 054 051
B05-2 181 3.01 185 040 070 0.99
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SAMPLE WT% WI% WT% WT% WI% WT% SAMPLE WT% WI% WI% WI% WI% WI%
NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA
HO1-1 Q.75 312 114 027 180 115 10942  1.56 148 027 056 171 001
HO1-2 125 024 014 1.16 043 0.06 1095-1 0.68 046 039 061 102 P
HO1-3  2.66 2.83 144 012 030 144 10952 195 140 048 055 147 P
HO02-1 0.86 168 026 019 152 014 1096-1 0.36 098 026 066 086 005
HO22 P 175 063 023 012 045 1096-2 1.63 127 016 0.18 135 0.03
H02-3 1.05 393 046 116 085 P 1097-1 0.67 099 022 034 108 P
HO03-1 0.78 131 1.08 067 198 033 1097-2 123 136 044 099 213 0.09
HO4-1 1.50 067 029 148 081 P 1097-3 212 082 028 045 19 P
HO04-2  0.70 391 070 005 005 P 1098-1 1.34 225 045 005 220 0.13
H04-3  0.97 057 045 095 153 P 1098-2 1.51 222 036 002 201 0.16
HO5-1  1.27 1.1 061 010 123 0.12 1099-1 1.52 063 030 067 210 0.01
HO6-1  0.53 059 044 026 023 P 10992 1.66 208 032 047 131 025
H06-2 1.77 3.69 1.17 018 057 0.15 1100-1  0.66 093 065 033 100 P
HO06-3  0.60 081  0.00 135 050 P 1100-2 125 185 010 009 083 001
H06-4  0.96 090 038 056 155 P 1103-1 0.64 061 027 030 123 0.1
HO7-1  0.71 057 050 066 115 0.06 1103-2 136 118 024 044 312 P
HO7-2 1.11 157 056 132 023 P 1103-3 121 085 004 055 131 O.l11
H07-3 097 032 003 058 037 0.03 1106-1 0.81 068 028 032 077 0.09
HO8-1  0.58 018 032 021 071 0.14 1106-2 085 036 024 020 043 P
HO8-2  0.88 070 015 083 029 0.02 1107-1  0.66 077 047 055 079 012
HO09-1 020 157 047 1.83 045 0.05 1107-2 143 075 049 035 117 0.19
H10-1 026 1.50 047 079 0.68 0.1 1109-1 047 022 037 074 0% P
H10-2 0.61 053 046 079 099 0.06 1111-1  1.19 046 023 023 082 0.03
H11-1 1.08 014 014 050 058 P 11112 091 000 032 097 071 0.03
H12-1 042 049 072 005 068 0.09 1116-1 0.96 050 062 011 075 0.10
H12-2 020 08 060 050 055 P 1116-2 2.10 039 013 048 036 0.11
H13-1 0.84 324 098 138 1.80 037 1119-1 135 020 027 091 093 022
H14-1 0.98 L.15 1.03 196 093 059 1119-2 135 040 028 090 035 0.5
H14-2 171 519 204 041 033 109 1120-1 1.09 098  0.13 127 055 023
Vi-1 1.58 059 005 051 071 005 1120-2 1.05 023 017 006 107 0.03
V1-2 1.93 220 032 073 190 036 1121-1 094 036 013 P 080 0.04
V1-3 1.37 302 017 006 217 033 1122-1 0.90 055 034 071 084 0.09
Vi-4 1.69 076 005 098 331 0.29 1127-1 0.89 025 027 P 09 P
V2-1 0.69 158 041 052 118 0.15 1127-2 055 067 017 054 123 007
v2-2 225 075 018 028 177 0.04 1129-1  0.86 064 079 022 101 008
V2-3 1.25 381 021 034 180 029 11292 0.79 068 08 032 079 P
V24 1.62 084 059 016 142 0.05 1130-1 059 051 049 029 058 0.08
V4-1 0.50 080 039 062 170 0.08 1130-2 045 047 028 035 091 0.03
V4-2 2.09 143 077 010 186 0.04 1131-1  1.06 048 034 030 070 037
V4-3 1.59 189 022 085 261 0.11 1132-1 068 052 063 044 084 0.01
V4-4 2.08 143 025 035 3.02 0.09 1134-1 1.79 020 039 024 030 0.17
V3-1 1.37 185 018 046 539 0.10 1134-2 0.95 055 036 006 057 P
V3-2 1.89 3.83 028 P 1.06 0.04 1136-1 1.13 043 027 059 099 P
V5-1 091 062 056 131 173 0.03 11362  0.61 0.21 055 031 073 030
V53 1.61 293 043 036 224 030 1136-3  1.09 028 021 051 048 0.03
V54 1.99 117 029 112 140 003 1139-1 123 091 063 048 162 026
V5-5 1.37 1.50 013  0.88 350 0.16 2000-1 134 096 048 029 188 0.07
V6-1 1.38 014 017 044 039 0.04 2000-2 145 103 025 039 142 P
V6-2 1.59 006 0.03 1.79 045 0.03 2001-1 1.23 0.59 1.00 030 175 0.05
1090-1 0.94 031 023 032 044 P 2002-1 049 044 021 045 021 P
1090-2 1.23 1.04 052 057 133 0.07 2002-2 031 044 047 080 089 0.01
1091-1  0.56 081 0.88 073 143 247 110-1 158 072 005 049 052 P
1091-2 1.63 1.02 032 009 198 0.15 110-2  1.21 081 009 046 110 P
10913 231 092 021 079 116 P 1103 1.15 145 093 047 121 0.10
1092-1 1.71 161 000 016 137 0.13 115-1 152 1.19 091 1.00 103 0O.11
1092-2 193 132 011 079 315 005 1161  1.69 237 056 008 216 0.15
1094-1 126 060 044 065 133 0.01 1162 205 1.78 035 054 266 010
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SAMPLE WT %

WT %

WT %

NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

116-3
116-4
116-5
117-1
117-2
117-3
117-4
Cl-1
C1-2
C1-3
Cl14
C2-1
C2-2
C2-3
C24
C3-1
C3-2
C3-3
C34
C4-1
C4-2
C4-3
Cs-1
Cs-2
Cs-3
C54
Cé6-1
C6-2
C6-3
C7-1
C7-2
C73
C8-1
C8-2
C8-3
C84
C9-1
C9-2
C9-3
C10-1
C10-2
C10-3
C10-4
Cl1-1
C11-2
C11-3
Cl14
C12-1
C12-2
C12-3
C124
C13-1
C13-2
C13-3
Cl14-1
C14-2

1.44
1.95
3.15
1.38
1.70
1.06
1.26
0.68
1.48
0.00
1.60
1.32
1.16
1.03
1.34
1.73
1.08
1.77
1.86
1.55
155
0.87
1.25
1.89
1.57
1.39
1.52
1.37
2.14
0.79
0.70
0.26
1.16
1.23
1.89
141
1.73
1.33
1.96
1.92
143
1.53
1.87
1.07
2.01
0.70
1.34
045
1.53
1.17
1.36
1.95
1.63
2.15
141
1.68

WI% WT% WT% WT% WI%
NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA
205 053 054 198 P
1.65 145 017 155 014
195 062 031 252 023
125 056 061 176 0.06
165 088 134 1.08 0.10
1.46 1.06 P 092 0.16
157 0.69 P 1.35 0.06
315  0.02 457 398 002
337 019 400 145 P
282 023 062 291 0.08
275 053 120 269 P
089 040 205 107 003
212 056 265 200 P
242 049 115 339 P
146 030 265 402 0.10
275 003 117 091 P
418 002 133 052 P
386 008 332 121 P
226 012 157 102 P
142 0.8 155 1.09 003
304 047 077 113 P
2.56 P 445 134 P
328 033 3.00 211 005
510 042 051 193 P
349 021 28 071 P
462 026 131 162 P
237 032 135 127 003
165 005 041 115 P
352 040 012 116 P
088 029 061 000 P
1.03  0.14 158 221 032
1.75 044 056 117 P
250 040 059 050 0.06
267 020 194 099 P
240 064 066 049 0.00
133 034 197 051 P
245 012 280 199 P
253 015 1.87 115 0.00
244 009 257 116 0.03
205 038 191 089 0.04
327 027 227 071 P
452 039 130 134 0.00
364 042 070 186 0.00
308 026 1.02 281 007
583 081 053 314 P
291 000 213 060 P
5.56 P 1.15 062 002
144 010 205 125 P
289 008 036 068 P
372 020 074 117 0.00
315 008 063 0.51 0.00
1.63 031 142 213 P
309 252 215 301 P
379 021 .11 09 P
0.81 012 078 078 P
347 067 1.63 031 0.00
458 006 205 270 P

C14-3

2.10

Cl4-4
C15-1
C15-2
C16-1
C16-2
C17-1
C17-2
C17-3
C17-4
C17-5
C18-1
C18-2
C19-1
C19-2
C19-3
C20-1
C20-2
C20-3
C20-4
C21-1
C22-1
C22-2
C22-3
C22-4
C23-2
C23-3
C23-4
C24-1
C24-2
C25-1
C25-2
C25-3
C26-1
C26-2
C26-3
C27-1
C273
C28-1
C28-2
C28-3
C28-4
C29-1
C29-2
C30-1
C31-1
C31-2
C31-3
C314
C32-1
C32-2
C32-3
C33-1
C33-2
C33-3
C334
C34-1
C34-2

1.75
1.20
1.34
1.19
1.69
145
1.38
2.18
2.09
2.09
0.74
1.23
1.98
1.55
0.84
1.83
1.22
1.87
1.59
1.57
1.73
2.04
1.24
1.37
0.71
1.36
1.06
2.30
2.03
2.67
1.72
1.13
1.83
2.55
2.68
0.94
2.05
1.93
1.86
1.72
1.57
147
1.81
2.16
2.07
225
2.30
1.60
2.55
1.38
1.75
3.03
1.91
1.69
1.49
2.04
1.14

WT% WI% WT%
291 030 059
247 013 1.55
223 010 019
209 010 017
221 025 022
280 0.7 1.34
326 020 1.04
363 020 1.89
1.68 042 1.07
202 012 1.07
458 043 1.28
280 017 3.56
177 073  0.60
351 020 0.83
280 029 1.55
214 083 055
301  0.00 1.75
248 0.9 1.17
252 061 1.08
172 010 132
316 013 0.67
293 028 059
291 017 1.74
424 036 0.84
1.63 P 0.63
1.83  0.10 1.04
1.79 098 1.09
343 005 079
410 041 218
373 052 1.81
247 P 0.64
318 061 038
225 015 237
3.58  0.00 1.32
276 037 1.76
270 007 026
263 052 0.89
306 074 1.27
213 000 1.20
213 047 392
327 013 331
313 0.03 1.78
235 034 0.87
346 024 1.34
3.53 161 039
425 086 201
312 021 1.33
247 082 030
303 035 1.27
265 004 1.61
3.06 P 1.48
559 022 086
263 013 1.68
1.81 069 221
342 015 050
331 064 087
316 0.04 1.95

141
1.17
140
0.28
0.31
2.19
0.64
0.51
0.96
0.46
1.66
1.49
1.05
0.71
2.06
4.09
6.93
224
3.51
5.82
7.87
5.59
4.04
3.06
2.61
1.81
3.23
4.04
4.08
3.84
341
212
3.59
2.03
1.36
1.44
3.03
428
2.55
215
3.37
2.04
2.09
242
3.15
4.86
2.09
3.00
3.00
3.18
2.60
1.92
140
234
2.63
1.84
2.52
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SAMPLE WT'% WI% WT% WT% WI% WI% SAMPLE WT% WT% WT % WT% WT%
NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA NAME ZIRCON OTHER ECON RHM THM
C34-3 155 368 031 087 190 P BO1-1 146 18.86 18.36 295 391
C35-1 146 280 065 220 38 P B01-2 236 13.32 19.35 217 288
C354 201 217 091 103 457 P B02-1 393 11.52 27.30 231 242
C36-1 173 4.08 P 077 237 037 B02-2 158 14.41 24.88 373  3.88
C36-2 148 4.69 148 045 203 005 B03-1 1.56 15.55 20.46 285 320
C363 179 320 097 071 156 0.12 B03-2 366 1341 19.99 259 333
C364 1.57 447 000 413 320 P B03-3 331 26.08 22.98 252 326
C37-1 118 323 005 069 254 P BM4-1 1.63 23.81 16.41 187 2353
C37-2 180 250 016 188 128 P B05-1  3.96 10.88 30.00 148 1.86
C37-3 246 2.36 140 032 264 004 B05-2 4.77 12.43 36.82 1.12 1.82
C38-1 144 227 064 072 123 005 HO1-1 3.10 11.04 39.81 3.57 386
C38-2 140 420 025 167 159 P HO1-2 273 19.09 2191 422 510
C39-1 1.5 1.66 P 072 123 P HO1-3 760 2991 3223 513 548
C39-2 133 224 031 099 054 P H02-1 246 27.88 22.51 153 232
C39-3 205 289 082 034 103 004 H02-2 232 20.61 25.08 0.23 1.09
C40-1 1.27 257 011 180 156 P HO02-3 761 26.96 26.84 0.68 1.34
C40-2 212 308 060 056 325 0.02 HO3-1 313 18.78 24.68 185 214
C40-3 152 241 041 164 281 P HO4-1 303 17.50 21.34 246  3.06
C41-1  1.60 385 011 1.09 117 0.00 HO04-2 4.19 12.38 22.09 0.63 1.37
C41-2 2,05 615 016 155 287 P HO4-3 227 2140 20.18 1.15 1.57
C41-3 202 232 1.06 121 253 P HO5-1 333 18.07 22.98 328 3.67
C42-1 164 206 007 28 28 P H06-1 1.67 1743 17.37 268  3.13
C42-2 183 249 P 071 211 0.03 H06-2 447 1435 30.88 146 170
C42-3 250 259 000 046 093 0.06 H06-3 3.52 26.66 20.74 123 1.49
C42-4 195 209 017 037 200 015 HO06-4 3.81 28.65 17.24 059  0.74
C43-1 172 197 018 123 248 P HO7-1  2.07 14.66 23.77 3.08 3.5
C43-2 144 305 012 468 134 004 H07-2 3.3 16.55 19.63 1.46 1.87
C43-3  1.28 231 006 098 077 P HO07-3 246 21.25 14.06 132 1.54
C44-1 141 248 007 033 155 0.0 HO8-1 225 1691 24.58 5.21 5.52
C44-2 125 289 022 321 060 P HO08-2 3.15 17.22 19.56 225 2385
C44-3  1.10 231 012 387 245 P H09-1 6.59 23.50 16.53 244 362
C45-1 135 209 006 078 270 0.00 H10-1 1.79 24.03 13.61 171 274
C45-2 103 450 023 328 227 P H10-2 348 25.40 14.42 145 321
C45-3  2.15 403 018 218 268 P Hi1-1 1.02 14.37 18.30 311 4.00
C46-1 137 263 007 138 143 P Hi2-1 217 22.14 2455 551  6.88
C46-2 0.85 294 013 447 130 P Hi12-2 1.50 37.73 15.81 423 534
C46-3  1.09 3.35 P 372 193 P H13-1 0.78 28.80 27.27 122 223
C46-4 199 334 016 308 116 0.04 Hi4-1 393 1592 22.18 031 052
C47-1 173 2.67 P 025 263 P H14-2 342 27.36 20.99 0.41 1.49
C47-2 123 490 P 088 306 004 Vi1 313 1150 25.50 0.39 1.17
C48-1 213 3.79 P 163 341 P Vi-2 2.82 432 59.92 059 082
C48-2  1.68 372 006 249 385 P V1-3 2.74 6.41 55.34 034 061
C48-3 228 564 038 259 231 P V1-4 3.80 7.81 66.08 043 083
C48-4 1.74 316 012 211 303 P V2-1 221 13.31 29.64 093 272
C49-1 162 404 238 020 361 005 v2-2 6.16 10.22 56.19 0.36 1.67
C49-2 144 462 025 202 420 P V2-3 297 6.38 47.27 047 390
C49-3 162 393 071 058 104 P v2-4 3.66 15.10 57.68 079 212
C49-4 133 305 003 236 138 P V4-1 3.06 12.36 29.98 0.71 1.77
C50-1  0.87 402 039 075 163 P V4-2 2,01 8.04 45.73 0.73 1.06
WB- v4-3 240 8.25 4098 0.57 1.39
063-1 181 367 012 P 134 P V4-4 3.09 7.71 54.87 0.72 1.35
0632 0.59 275 029 155 415 P V3-1 3.63 10.43 44 86 0.59 142
063-3 110 2.65 1.13 180 571 0.04 V3-2 31 9.20 46.15 027 050

V5-1 4.26 18.60 25.71 0.88 1.95
AVG 1.40 217 039 1.05 173 0.08 V5-3 3.60 4.87 53.42 0.85 1.26
STD 0.55 132 039 093 121 021 V54 5.04 7.09 53.91 1.01 1.20
MAX 3.15 6.15 252 468 787 247 V5-5 430 6.99 56.61 0.84 144
MIN 0.00 000 000 0.00 000 0.00
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SAMPLE WT% WT% WT % WT% WT% SAMPLE WT% WT% WT % WT% WT%
NAME ZIRCON OTHER ECON RHM THM NAME ZIRCON OTHER ECON RHM  THM
V6-1 451 16.55 30.56 1.06 248 2000-2 3.37 11.54 28.86 0.14 239
V6-2 6.62 13.67 33.73 0.75 1.71 2001-1 2.18 11.79 26.04 042 202
1090-1 3.05 12.85 30.89 0.74 246 2002-1 3.15 18.08 3344 056 3.5
1090-2 3.69 11.68 33.20 0.61 191 2002-2 245 12.53 33.51 060 3.01
1091-1 9.22 7.19 38.61 060 236 110-1 549 12.62 40.79 109 260
1091-2 4.05 17.15 39.24 0.64 1.71 110-2  2.19 11.46 24.07 1.19 221
1091-3 4.64 12.70 46.89 043 1.61 1103 1.35 1049 25.51 1.07 141
1092-1  3.19 8.28 53.29 0.60 1.70 115-1  2.10 10.94 33.97 025 074
1092-2 4.90 8.50 58.18 0.56 1.03 116-1  4.01 3.52 41.87 045 058
1094-1 293 11.98 4223 032 1.15 1162  2.73 10.89 4097 0.19 054
1094-2  4.19 9.96 56.62 0.55 1.01 1163 346 7.20 44.85 155 217
1095-1 3.62 13.90 28.92 064 251 116-4  4.02 8.86 45.70 0.71 0.92
10952 3.26 9.67 54.46 080 230 116-5 331 7.31 4241 1.36 1.66
1096-1 2.04 12.59 30.03 0.72 1.84 117-1  2.50 8.26 36.81 1.15 1.26
1096-2 2.84 8.62 46.15 074 223 117-2  2.04 5.75 34.29 137 387
1097-1 442 10.68 3740 060  2.60 1173 1.86 6.22 33.77 262 395
1097-2 3.82 6.99 55.30 0.34 1.39 117-4  1.76 448 28.81 191 284
1097-3  3.17 8.65 61.31 047 1.26 C1-1 4.24 10.92 42.01 172 219
1098-1 1.36 5.85 57.16 0.54 1.78 Ci1-2 2.89 6.25 26.62 242 321
1098-2 3.08 6.14 69.30 022 058 C13 0.41 15.58 2331 143 214
1099-1 4.21 10.08 42.66 032 118 Cl14 3.85 9.17 26.77 0.68 1.97
1099-2  3.00 8.38 59.32 0.52 1.78 C2-1 5.34 9.26 35.80 1.63 4.17
1100-1 3.20 11.60 30.51 065 264 C2-2 4.85 13.92 29.76 0.39 1.81
1100-2 399 8.31 52.97 073 251 C23 484 6.54 32.28 1.14 267
1103-1 190 8.87 43.02 1.22 1.80 C24 2.75 14.60 34.68 0.71 143
11032 2.74 11.35 48.90 031 1.62 C3-1 3.67 24.53 19.73 064 407
1103-3 444 9.34 29.41 0.38 1.74 C3-2 5.79 24.79 32.48 092 435
1106-1 2.32 6.48 42.37 141 3.59 C33 7.03 18.70 33.46 0.61 3.59
1106-2  1.70 9.14 32.69 086  2.63 C34 4.03 21.18 39.06 068 344
1107-1  2.59 9.99 35.70 0.68 435 C4-1 478 6.81 26.21 087 267
11072 201 9.74 25.22 0.60 1.83 C4-2 3.46 9.04 23.93 0.91 241
1109-1  1.27 13.07 25.62 097 3.08 C4-3 3.84 16.52 27.04 124 272
1111-1  3.88 942 30.81 058 276 Cs5-1 3.09 5.07 39.26 162 204
11112 2.72 11.03 34.11 060 320 Cs5-2 4.51 11.99 2538 153 298
1116-1  2.69 1240 30.36 1.19 439 C5-3 3.30 8.09 20.21 1.56  3.55
11162 3.93 12.89 34.52 .11 4.00 Cs54 7.02 8.00 25.56 123 336
1119-1 217 11.53 26.75 123 243 Cé6-1 5.54 6.96 31.21 202 445
1119-2 3.71 10.73 34.04 112 239 C6-2 7.33 11.52 28.59 026 256
1120-1  2.08 11.99 29.55 0.96 195 C6-3 3.85 10.99 19.57 049 579
11202  2.69 11.36 37.24 118 3.05 C7-1 293 11.05 24.39 0.61 3.17
1121-1 4.23 15.23 2741 1.01 344 C7-2 1.93 6.04 39.05 1.07 148
1122-1 223 10.66 32.00 1.31 5.67 C7-3 1.44 10.18 29.24 141 241
1127-1  3.03 11.17 29.70 1.04 551 C8-1 5.13 10.06. 39.76 1.85 3.52
11272 3.15 11.86 34.64 072 270 C8-2 4.06 6.92 19.65 254 681
1129-1 2.21 10.73 2792 288 765 C8-3 348 6.79 17.21 083  3.66
1129-2 220 12.46 23.11 078 6.1 C84 3.67 8.00 14.89 067 358
1130-1 294 993 26.28 262 717 C9-1 3.74 6.58 31.07 202 467
1130-2  0.99 16.60 25.87 0.24 1.96 C9-2 293 5.89 29.84 150 387
1131-1  2.82 12.08 32.12 1.02 592 €93 517 13.95 31.38 1.56 327
1132-1  5.57 8.85 29.32 121 632 C10-1 480 5.28 35.98 076 323
1134-1 4.64 9.17 41.09 150 879 C10-2 4.10 7.78 19.40 1.07 4.10
1134-2  3.60 10.51 36.60 138 682 C10-3 647 16.20 23.35 1.14 507
1136-1 3.46 13.51 34.72 196 9.01 C104 7.85 18.26 2191 075 461
1136-2  3.68 13.87 33.63 174 642 Cll-1 461 9.06 2942 1.51 1.92
1136-3  3.56 9.27 3479 083 334 Cli-2 245 746 28.88 1.64 1.82
1139-1  2.79 7.35 3345 1.08 244 Cl1-3  6.64 21.27 25.74 073  3.63

2000-1 2.52 9.73 33.32 030 2.00 C11-4 855 16.40 35.82 087 3.6
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SAMPLE WT% WT% WT % WT% WI% SAMPLE WT% WT% WT % WI% WI%
NAME ZIRCON OTHER ECON RHM THM NAME ZIRCON OTHER ECON RHM THM
C12-1 205 4.84 20.72 305 568 C31-4 536 10.96 25.46 084 4.03
Cl12-2 421 13.69 18.93 1.75 543 C32-1 4386 6.62 41.24 159 275
C12-3 733 8.08 28.15 328 9.21 C32-2 501 11.49 28.49 079 275
Cl12-4 561 10.39 18.77 259 7154 C32-3 754 745 38.96 090 341
C13-1  3.39 8.28 24.36 164 325 C33-1 568 11.91 29.61 080 198
C13-2 3.82 8.65 2298 1.62 269 C33-2 663 15.36 25.64 065 253
C13-3 693 17.61 2641 0.95 1.83 C33-3 603 16.41 25.07 015 242
Cl4-1 228 9.07 14.64 211 457 C334 582 15.05 38.38 016 124
Cl4-2 549 15.69 17.42 072 204 C34-1 304 4.57 43.23 096 1.09
Cl4-3 446 13.90 2292 126 6.02 C34-2 456 7.62 4424 242 383
Cl4-4 452 10.78 13.87 064 563 C34-3 399 1191 28.76 087 217
C15-1  3.60 9.44 2091 194 576 C35-1 640 18.38 35.09 0.13 1.78
C15-2 338 8.53 15.68 1.14  6.61 C354 583 12.37 4440 046 133
Cle-1 277 12.85 19.95 253 7.00 C36-1 4.75 1.70 55.13 048  0.62
Cl16-2 449 12.05 12.02 182 543 C36-2 464 5.01 47.78 059 0.73
C17-1 431 753 26.23 220 385 C36-3 107 452 53.78 073 086
C17-2 641 15.15 19.99 124 437 C364 4.72 7.54 39.97 072 081
C17-3  3.88 13.62 1536 098  4.08 C37-1 562 9.66 26.06 091 443
C17-4 298 8.24 14.53 142 531 C37-2 354 10.23 36.05 152 225
Cl17-5 4.07 14.02 12.66 089 576 C37-3 378 9.72 41.83 134 219
C18-1 243 14.18 20.20 207  3.00 C38-1 487 1042 24.03 046  2.00
C18-2 341 9.90 17.79 243 358 C38-2 3.16 21.26 30.09 029 233
C19-1 462 11.34 22.79 120 410 C39-1 536 7.99 28.75 090 442
C19-2 3.68 8.74 23.26 094 208 C39-2 346 5.87 28.92 1.09 415
C19-3 142 9.63 24.98 173 215 C39-3 3.2 490 38.38 1.09 262
C20-1 294 9.76 37.50 056 130 C40-1 432 8.74 28.95 079 458
C20-2 258 12.39 37.32 1.29 1.78 C40-2 443 6.97 35.85 1.19 420
C20-3 405 17.86 29.24 020 097 C40-3 448 533 36.96 142 277
C20-4 551 12.83 34.86 0.33 1.94 C41-1  4.70 7.76 31.24 095 3380
C21-1 7.4 7.72 38.37 0.38 1.11 C41-2 451 16.01 36.37 0.63 1.89
C22-1 393 5.38 42.66 136 1.55 C41-3  4.66 5.46 37.04 127  2.68
C22-:2 410 6.20 38.95 .50  1.78 C42-1 3.86 7.23 44.84 113 3.6l
Cc22-3 351 746 32.56 185 242 C42-2 507 8.59 4298 086 437
C22-4 261 733 36.32 0.87 1.23 C42-3 433 9.59 41.58 0.60 *
C23-2  4.09 7.59 30.28 0.89 1.45 C42-4  6.65 6.44 62.22 085 319
C23-3 382 8.17 33.22 1.47 1.63 C43-1 272 8.13 14.00 1.17 640
C234 342 16.77 33.54 084 096 C43-2 363 845 3833 146  3.58
C24-1  3.08 7.83 41.80 0.83 1.07 C43-3 396 10.77 26.81 109 676
C24-2 286 7.37 38.05 1.16 151 C44-1 453 947 2442 090 651
C25-1 742 3.86 52.88 023 042 C44-2 355 7.38 36.17 1.59  3.53
C25-2 401 15.30 4748 0.38 140 C44-3 381 11.03 33.99 0.68 1.76
C25-3 239 18.75 3643 0.57 1.79 C45-1 449 9.05 2392 031  3.02
C26-1 429 7.03 4539 187 358 C452 21 9.02 2749 176 265
C26-2 635 12.22 34.27 095 264 C45-3 574 15.18 36.80 157 293
C26-3  5.65 1091 20.92 049 513 C46-1 3.16 12.88 28.21 1.08 339
C27-1 444 13.97 28.21 040 229 C46-2 224 9.81 30.17 086 222
C27-3 394 9.49 56.08 034 267 C46-3 278 16.01 26.95 070 222
C28-1 3.89 5.10 4742 1.39 191 Ci6-4 474 783 40.45 228 310
Cc28-2 117 8.04 39.80 142 331 C47-1 302 11.29 28.19 066 449
C28-3 5.18 12.78 29.39 132 313 C47-2 427 8.55 46.99 1.33 1.65
C284 5.14 10.99 42.06 098 243 C48-1 354 5.85 4199 055 0950
C29-1 593 6.67 5225 432 458 C48-2 1.67 16.24 27.81 063 096
C29-2 487 10.57 42.30 0.38 1.30 C48-3 378 8.55 4171 050  0.75
C30-1 492 12.31 37.18 067 298 Cc48-4  3.09 9.04 40.67 1.27 1.83
C31-1 353 4.08 46.91 059 073 C49-1 295 10.25 41.16 0.78 1.02
C31-2  6.00 3.61 54.17 136 1.52 C49-2 373 6.26 4425 061 082
C31-3  5.10 9.65 4324 148 3.8 C49-3 270 9.10 34.39 086 1.67
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SAMPLE WT% WT% WT % WT% WT% SAMPLE WT % WT % WI % WT % WT% WT %
NAME ZIRCON OTHER ECON RHM THM NAME MAG 1IL. GAR EP STAUR PYROBOLE
C49-4 338 11.06 30.85 081 4.6 45 785 1948 1930 6.55 0.75 29.97
C50-1  3.70 48.10 30.63 032 267 46 495 2483 16.17 329 258 23.99
WB- 47 6.38 2794 18.07 480 1.05 20.53
063-1 4.22 5.19 50.25 149 210 48 7.09 30.79 15.13 135 1.67 16.93
0632 530 9.88 53.56 1.18  2.19 49 6.78 2331 13.88 120 1.17 29.56
063-3 S5.11 8.90 50.25 258 253 50 364 1898 1946 724 094 31.94
51 1066 21.39 17.07 382 093 26.44
AVG 3.84 11.72 33.22 1.19 287 52 11.65 2539 1899 349 0.09 20.04
STD 1.50 5.78 11.38 0.87 1.66 53 1208 1939 17.17 474 1.82 2522
MAX 9.22 48.10 69.30 5.51 9.12 54 11.08 2898 2044 3.05 0.05 1945
MIN 041 1.70 12.02 0.13 041 55 1297 13.08 21.56 5.07 0.02 28.26
56 1059 2244 13.15 420 2.59 29.69
290 core samples 57 16.18 2498 17.69 336 046 17.27
58 1105 2260 2013 157 1.57 23.52
59 448 3494 19.55 3.93 P 19.66
60 6.55 2463 1989 3.11 134 20.78
GRAB SAMPLES 61 6.85 2386 1681 0.72 040 25.03
62 8.81 23.09 1697 438 085 24.32
63 1294 1358 16.86 398 1.87 27.93
SAMPLE WT % WT % WT % WT% WT% WT % 64 13.56 10.17 20,68 798 0.02 30.08
NAME MAG 1IL GAR EP STAUR PYROBOLE 65 087 2744 10.54 1390 291 24.19
66 10.13 2223 15.69 561 0.04 20.71
1 1020 16.71 2125 573 0.53 30.33 67 340 50.28 1242 2.13 568 6.16
2 642 3194 19.89 649 143 12.05 68 1.08 3593 11.78 941 273 1542
3 17.05 19.04 29.79 343 290 12.95 69 028 2047 856 1431 296 3224
4 942 2144 1629 211 181 21.35 70 042 34.69 10.78 10.73 595 16.03
5 1.13 2410 2192 828 0.17 25.81 71 3.19 28.81 15.16 896 091 26.45
6 0.19 2281 3736 270 9.04 15.34 72 034 4163 1684 820 296 9.12
7 465 1890 1635 697 130 34.04 73 591 21.11 1693 398 1.15 19.40
8 023 3442 2265 159 7.49 2127 74 263 21.08 21.89 5.08 0.06 28.44
9 0.51 2556 20.05 200 524 29.72 75 0.52 29.78 19.75 5.51 377 19.77
10 0.50 25.10 26.23 7.31 P 3144 76 033 3124 929 1276 5.07 19.75
11 0.08 3143 3483 047 298 16.48 77 225 31.18 958 991 044 26.99
12 3.00 2502 21.19 6.51 091 19.58 78 044 3719 1450 470 3.06 19.22
13 2.60 2021 2231 513 049 2647 79 026 2213 8.67 8.17 11.78 10.37
14 074 2872 2074 2.84 3.19 27.11 80 147 3822 814 419 080 19.73
15 574 3507 1500 459 0.72 13.15 81 6.17 2458 1749 9.06 040 2232
22 131 2373 1621 543 157 31.65 82 031 4730 1336 485 1.67 12.74
23 372 2175 1799 406 296 30.32 83 036 4471 1500 7.52 5.31 10.64
24 0.53 1935 13.76 525 235 37.66 84 026 3774 1352 773 196 17.46
25 295 1771 1940 338 228 34.76 85 348 5483 840 396 124 8.43
27 0.12 1765 1353 227 326 45.74 86 1.32 33.13 1226 994 182 22.55
28 236 30.73 18.80 833 030 22.52 87 165 4277 11.69 7.77 0.5 6.70
29 428 14.80 20.18 598 1.26 28.62 88 034 3251 1081 946 544 22.87
30 297 30.01 1744 561 145 23.86 89 7.18 1935 18.72 408 0.78 23.72
31 348 1949 2237 827 021 30.70 89A 124 4700 1381 5.70 1.35 16.57
32 275 2799 2594 157 4.02 22.89 90 043 41.73 2064 8.09 6.35 4.60
33 635 5885 875 224 049 3.84 91 085 4952 956 7.00 1.10 13.68
34 6.67 18.18 17.81 449 0.85 3298 93 0.59 3042 1824 1033 344 20.84
35 839 13558 15.13 492 331 9.74 94 049 3600 1152 956 5.71 20.08
36 1090 2441 1744 435 299 19.82 95 052 1887 14.11 1401 4.65 31.14
39 7.61 3458 1682 3.79 088 14,12 96 035 4305 1275 10.15 744 10.28
40 6.83 4426 6.14 340 1.15 12.92 97 0.89 3935 11.84 5.81 243 13.46
41 1034 2488 575 379 252 24.18 98 027 4134 1182 888 219 13.34
42 7.83 2144 20.02 209 026 18.60 100 2.17 4204 12.75 937 0.80 11.87
43 456 16.65 1940 626 0.17 3341 101 587 23.50 1544 795 025 27.20
44 593 1986 2748 399 051 2047
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NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA

STA-
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1.51
1.12
0.35
6.00
3.57
2.80
227
0.65
0.37

4.35
4.18
17.05
0.08

32.88
23.90
30.97
23.71
22.86
21.72
27.76
24.53
4281

28.51

9.74
58.85
10.17

1539 7.07
17.64 8.38
16.62 10.16
15.33 10.72
17.39 7.22
1321 9.04

894 7.53
1543 9.21
16.88 7.76

16.66 5.99
535 3.06
37.36 14.31
575 047

427
6.84
5.74
3.89
2.64
442
4.06
2.85
3.20

234
221
11.78
0.00

B. GRAB SAMPLES

16.24
16.07
12.61
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17.12
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45.74
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0.27
0.77
0.77
141
0.92
0.55
0.52
0.82
0.59
0.36
1.62
0.88
0.79
0.94
1.43
0.44
1.51
0.82
1.13
1.16
0.38
1.22
0.86
1.13
091
0.83
1.01
0.80
0.14
0.75
0.00
0.12
0.64
0.73

WI% WT% WT%
032 020 0.01
114 038 0.0
037 034 004
1.40 116  0.65
010 026 022
076  0.72 P
039 040 048
0.86 1.03 P
094 052 109
018 015 017
039 031 026
019 047 091
028 092 055
191 1.12 P
1.39 1.08  0.02
085 0353 072
060 0.77 1.02
117 045 009
046 042 148
3.36 151 047
084 067 060
092 033 021
086 099 1.15
023 026 019
1.00 059 009
122 047 0.0
046 050 124
2.51 0.19 p
074 020 021
1.07 080 091
077 063 040
033 021 066
005 005 017
037 027 041

043
1.03
0.94
299
1.73
1.15
0.79
1.53
097
0.89
1.96
1.61
0.97
2.89
1.34
3.08
0.89
2.18
1.70
1.56
1.06
0.71
0.88
1.02
0.90
0.65
1.95
0.19
1.38
1.84
0.00
297
0.57
1.17

0.07
042
0.05
0.22
0.13
0.57
0.04
041
0.28
0.11
1.70
0.04
0.19
0.82
0.11
0.58
0.14
0.29
0.27
0.56
0.20
P
0.39
0.46
041
0.14
0.44
0.99
0.81
0.02
0.74
0.17
0.36
0.17

44 1.03 1.17
45 0.82 042
46 0.55 0.79
47 0.83 0.72
48 0.81 0.36
49 0.75 0.55
50 1.09 141
51 1.30 0.34
52 0.66 0.18
53 0.76 1.12
54 1.07 0.36
55 1.04 0.96
56 1.39 0.36
57 0.75 0.22
58 1.01 0.18
59 1.53 0.87
60 0.54 0.81
61 132 0.13
62 1.09 0.54
63 1.26 0.56
64 0.90 0.64
65 1.12 1.20
66 141 0.21
67 1.01 1.93
68 0.57 220
69 1.50 1.85
70 213 220
71 0.97 0.88
72 1.40 1.87
73 0.69 0.54
74 1.07 0.12
75 1.60 1.14
76 2.20 1.69
77 1.06 1.10
78 1.50 143
79 2.55 4.80
80 0.93 0.26
81 1.65 0.79
82 2,71 1.40
83 233 1.30
84 1.02 2.03
85 244 0.15
86 2.07 0.64
87 2.33 0.72
88 2.04 2.20
89 141 0.26
89A 1.73 0.88
90 1.30 2.39
91 0.93 1.15
93 1.50 1.19
94 1.88 232
95 0.87 3.51
96 1.59 2.07
97 1.57 0.83
98 1.69 1.65
100 2.02 0.71

0.88

0.55

WI% WT% WI% WI%
079 007 073 0.15
021 005 062 0.10
064 021 1.79 0.16
0.57 133 052 015
0.61 135 217 P
030 067 101 0.12
1.04  0.63 117 0.67
016 101 132 023
0.25 1.49 132 0.28
089 055 080 0.11
028 001 019 037
034 064 108 0.05
036 173 091 0.39
0.25 1.09 133 005
008 038 044 0.08
005 014 063 0.08
126 100 114 001
042 081 099 P
021 085 125 P
0.16 037 1.71 0.05
027 017 083 P
046 164 146 0.15
014 054 080 P
010 041  3.03 0.57
038 063 279 051
0.28 1.73 441 033
035 079 425 05
059 054 1.70 0.02
045 1.18  4.05 044
048 037 059 008
024 072 110 P
000 159 239 043
000 140 199 0.59
009 082 272 0.12
020 060 265 044
126 394 480 1.17
016 0.17 1.80 0.31
040 052 147 P
053 059 326 049
057 079 154 067
014 273 318 0.29
038 024 1.77 0.08
037 035 3.04 0.19
039 031 252 0.26
011 068 359 091
030 085 217 013
026 010 1.89 0.15
018 044 327 062
012 039 260 022
000 052 293 073
000 108 1.87 0.56
0.04 141 214 067
026 055 1.65 1.80
004 031 1.35 0.10
000 009 195 0.67
0.04 007 099 0.04
0.18  0.61 124 0.03
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SAMPLE WT% WT% WT% WT% WIT% WT% SAMPLE WT% WT% WT % WT% WT%
NAME RUTILE SIL/KY SPHENE TOURM LEUC MONA NAME ZIRCON OTHER ECON RHM THM
STAO54 248 347 024 154 268 P 46 3.69 16.35 31.81 464 6.80
STAOSS 2.14 613 042 295 246 P 47 146 15.63 31.62 427 6.8
STA056 1.98 447 031 3.01 123 P 48 3.67 18.07 37.80 465 939
STA093 1.24 426 004 1.34 192 P 49 2.73 17.97 2847 372 632
STAQ094 1.58 405 009 277 133 0.02 50 1.79 9.99 25.12 497 630
51-1 1.80 615 070 383 564 P 51 349 11.85 28.06 265 649
51-2 1.20 801 013 265 820 0.09 52 3.86 1231 31.68 192 590
51-3 1.18 767 000 297 598 P 53 1.15 14.20 23.32 430 779
51-4 232 422 000 105 302 0.10 54 492 9.74 35.89 7.02 14.66
55 3.09 11.84 19.31 414 187
AVG 1.19 140 039 082 185 030 56 383 8.36 29.33 404 795
STD 0.58 156 033 083 131 0.34 57 3.34 13.04 30.67 348 779
MAX 2711 8.01 151 394 820 1.80 58 2.01 15.38 26.33 218 544
MIN 0.00 005 000 000 0.00 000 59 430 9.83 42.36 6.74 11.02
60 1.87 17.07 29.00 112 451
61 348 19.16 29.79 087 6.08
62 1.35 16.28 2733 134 293
63 333 15.40 20.49 178  3.65
SAMPLE WT% WT% WT % WT% WT% 64 344 11.25 1598 284 532
NAME ZIRCON OTHER ECON RHM THM 65 2.15 11.95 33.52 122 1.53
66 3.56 18.93 28.21¢ 467 6.79
1 1.56 12.39 19.36 686 7.28 67 2.10 10.81 5892 - 158 255
2 2.62 14.62 37.92 425 6.08 68 342 13.15 4542 066 1.14
3 1.30 11.03 2247 4.21 529 69 1.29 9.81 29.83 072 083
4 331 16.44 30.76 518 930 70 2.09 9.06 45.90 058 065
5 424 11.00 31.21 553 762 71 243 9.39 34.81 0.58 1.19
6 1.29 7.52 27.13 172 229 72 2.66 8.87 52.04 162 194
7 3.00 12.18 23.64 041 210 73 1.19 27.59 24.20 1.60 492
8 212 5.58 40.16 1.02 167 74 2.39 15.19 25.75 291 440
9 1.49 11.04 29.83 166 174 75 2.79 10.97 38.12 047 055
10 0.62 6.94 27.26 6.53  7.68 76 3.68 10.02 41.39 032 048
11 245 5.04 39.55 1.31 1.53 77 2.58 11.16 38.75 0.46 1.51
12 3.16 16.52 3091 435 813 78 291 11.17 46.12 0.89 1.04
13 191 17.18 2435 131  3.01 79 272 17.38 38.18 012 014
14 1.62 7.36 36.90 417 551 80 382 20.00 4535 310 4.74
15 5.37 15.00 4470 034 594 81 342 11.73 31.92 076 439
22 1.87 12.04 30.55 303 453 82 3.15 7.57 58.37 092 131
23 2.54 11.73 2743 0.65 1.99 83 2.05 7.20 52.61 058 070
24 2.06 14.04 25.86 305 3.8 84 2.62 9.32 46.88 037 051
25 1.76 12.30 23.04 414 564 85 3.82 10.73 63.14 963 10.75
27 2.30 6.49 26.60 062 0.73 86 324 9.08 4231 0.76 1.31
28 1.90 11.29 3512 1.06  2.69 87 3.31 9.03 51.90 296 4.16
29 244 19.05 20.10 324 433 88 223 6.83 4347 038 044
30 2.88 10.63 35.88 483 7.00 89 2.79 18.25 26.11 176 522
31 2.07 10.12 2441 243  3.03 89A 254 6.77 54.20 376 4.38
32 1.63 9.30 32.84 533  8.06 90 3.36 6.58 52.68 076  0.80
33 4.10 11.96 65.80 313 512 91 3.39 9.49 57.82 393 452
34 1.97 11.43 24.02 357 770 93 2.90 6.38 39.66 081 097
35 1.64 16.61 41.71 344 712 94 1.63 7.29 4425 068 082
36 2.06 14.56 29.54 422 907 95 1.58 6417 27.64 038 042
39 1.46 1535 39.71 464 835 96 3.95 4.13 54.11 046 079
40 429 18.46 50.06 248 525 97 3.07 18.95 46.26 0.37 1.12
41 3.00 21.09 31.47 342 862 98 3.51 12.60 50.82 051 625
42 5.07 22.85 28.13 561 11.06 100 3.68 13.46 49.47 223 448
43 3.28 13.15 2237 208 294 101 2.04 14.24 28.24 020 347
44 321 14.60 26.16 294 412 STA054 4.80 743 46.31 441 521
45 1.80 12.08 23.24 142 235 STAO55 1.85 10.08 36.49 039 051
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SAMPLE WT% WT% WT % WT% WT%
NAME ZIRCON OTHER ECON RHM THM
STA056 2.98 9.58 41.63 058 0.84
STA093 4.07 10.76 35.20 323 574
STA094 3.26 9.06 33.11 523 157
51-1 2.89 10.10 38.20 068 0.0
51-2 3.17 7.79 4843 007 0.09
51-3 3.99 8.42 4335 005 008
51-4 4.05 427 56.53 7.06 10.01
AVG 2.77 12.12 36.02 256 443
STD 098 433 11.07 204 314
MAX 537 27.59 65.80 963 1466
MIN 0.62 4.13 1598 005 0.08
100 grab samples

APPENDIX IV

SUMMARY COMPOSITION STATISTICS
(WITH RESPECT TO HEAVY MINERAL CONCEN-
TRATE) FOR ALL SAMPLES

WT% WIT% WT% WT% WT% WT %
MAG IL GAR EP STAUR PYROBOLE

AVG 560 2517 1499 756 229 2241

STD 5.14 1064 5.15 325 202 7.21
MAX 27.58 60.33 37.36 24.35 11.78 45.74
MIN 0.07 328 201 047 0.00 3.84
GARNAR’S VALUES
NONE 45.00 15.00 15.00 20.00 NONE
GIVEN GIVEN

WT% WT% WI% WT% WI% WI%
RUTILE SIL/KY SPHENE TOURM LEUC MONA

AVG 134 197 039 099 176 0.13
STD 056 142 037 091 124 027
MAX 315 801 252 468 820 247
MIN 000 000 0.00 000 000 0.00

GARNAR’S VALUES
2.00 7.00 NONE NONE 5.00 1.00
GIVEN GIVEN

CORR CORR
WI% WI% WT% WT% WT%
ZIRCON OTHER ECON RHM THM

AVG 3.57 11.82 33.94 155 3.27
STD 1.46 5.44 11.35 140 2.24
MAX 922 4810 6930 9.63 14.66
MIN 041 1.70 1202 005 0.08

GARNAR’S VALUES
500 NONE NONE NONE 5.00
GIVEN GIVEN GIVEN

390 samples (100 grab, 290 core)
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APPENDIX V SAMPLE WT% WT% WT% WT% WT% WT%
NAME THM IL RUTILE LEUC MONA ZIRCON
SELECTED MINERAL COMPOSITION WITH
RESPECT TO THE ENTIRE SAMPLE v4-2 1.06 041 002 0.02 <0.01 0.02
V4-3 139 045 002 004 <001 0.03
Underlined samples have concentrations of one or more V4-4 135 061 0.03 004 <0.01 004
ECON minerals equal to or greater than Garnar’s values V3-1 142 046 002 008 <001 0.05

(using THM = 5%). See text for explanation. V3-2 050 0.18 0.01 001 <0.01 0.02
V5-1 195 035 002 003 <0.01 0.08
SAMPLE WT% WT% WT% WT% WT% WT% V5-3 1.26 0.54 0.02 0.03 <0.01 0.05

NAME THM IL RUTILE LEUC MONA ZIRCON V5-4 120 053 0.02 002 <001 0.06
V5-5 144 066 002 005 <001 006

BO1-1 391 056 004 003 <001 0.06 V6-1 248 060 003 001 <001 011
B01-2 288 042 002 002 <001 0.07 V6-2 1.71 043 003 00f <001 0.11
B02-1 242 048 003 001 001 0.10 1 728 122 002 003 <001 0.11
B02-2 388 078 003 007 001 006 2 608 194 005 006 003 0.16
B03-1 320 053 002 003 <001 0.05 3 529 101 004 005 <0.01 0.07
B03-2 333 046 002 002 <0.01 0.12 4 930 199 013 028 0.02 031
BO03-3 326 050 005 006 <001 0.11 s 762 184 007 013 001 032
B04-1 253 032 002 002 <001 0.04 6 229 052 001 003 001 0.3
B05-1 186 039 001 001 001 007 7 210 040 001 002 <001 0.06
B05-2 182 046 003 001 002 0.09 8 167 058 001 003 001 004
HO1-1 386 115 003 007 004 012 9 1.74 044 001 002 <0.01 0.03
HO1-2 510 088 0.06 002 <001 0.14 10 768 193 003 007 0.01 005
HO1-3 548 095 015 002 008 042 11 153 048 002 003 003 004
H02-1 232 037 002 004 <001 006 12 813 203 007 013 <001 026
H02-2 1.09 022 <001 <001 <0.01 0.03 13 301 061 002 003 001 0.06
HO02-3 134 018 001 001 <001 010 14 551 158 005 016 005 0.09
H03-1 214 037 002 004 001 007 15 594 208 0.08 008 001 032
H04-1 306 047 005 002 <001 0.09 22 453 108 002 014 003 008
H04-2 1.37 018 001 <0.01 <001 0.06 23 199 043 003 002 <001 0.05
H04-3 157 023 002 002 <001 0.04 24 378 073 003 008 001 0.8
H05-1 367 058 005 005 <001 0.12 25 564 100 006 010 0.02 0.10
HO6-1 313 045 002 001 <001 0.05 27 073 013 001 001 <001 0.02
H06-2 .70 034 003 001 <001 0.08 28 269 083 001 003 001 005
H06-3 149 023 001 001 <001 0.05 29 433 064 005 003 <001 o011
HO06-4 074 007 001 001 <001 0.03 30 700 210 006 006 0.03 020
H07-1 375 072 003 004 <001 008 31 303 059 003 003 0.01 0.06

HO07-2 187 025 002 <001 <001 0.07
HO07-3 154 015 001 001 <0.01 0.04
HO08-1 552 114 003 004 001 012 770 140 008 015 003 0.5
HO8-2 285 041 003 001 <001 0.09 712 253 006 001 007 0.12

32 806 226 0.07 007 003 0.13

3

34

35
H09-1 362 028 0.01 0.02 <0.01 024 36 9.07

39

40

41

42

43

44

512 301 004 003 001 021

221 001 012 _007 029
H10-1 274 026 001 002 <001 0.05 835 289 006 015 <001 0.12

H10-2 321 028 002 003 <001 0.1
H11-1 400 062 004 002 <001 0.04
H12-1 688 143 003 005 001 0.15
H12-2 534 068 001 003 <0.01 0.8
H13-1 223 045 002 004 001 002

525 233 000 000 004 023
862 214 001 026 001 026
11.06 237 007 006 004 056
294 049 002 003 001 o0.10
412 082 004 003 001 013

Hi4-1 052 0.08 001 <001 <001 0.02 45 235 046 0.02 001 <0.00 0.04
H14-2 149 0.4 003 <001 0.02 005 46 680 169 004 012 001 025
Vi1-1 1.17 023 002 001 <001 0.04 47 618 173 005 003 001 009
V12 0.82 042 002 002 <001 0.02 48 939 289 008 020 <001 034
V1-3 061 028 001 001 <001 0.02 49 632 147 005 006 001 017
Vi-4 083 046 001 003 <001 0.03 50 630 120 007 007 004 0.11
V2-1 272 065 002 003 <001 0.06 51 649 139 008 009 001 023
V2-2 167 076 004 003 <0.01 0.10 52 590 150 004 008 002 023
V2-3 390 145 005 007 001 012 53 779 151 006 006 001 0.09
V2-4 212 106 003 003 <001 008 54 1466 425 016 003 005 072

V4-1 177 042 001 0.03 <001 005 55 787 103 008 009 <0.01 024
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SAMPLE WT% WT% WT% WT% WT% WT% SAMPLE WT% WT% WT% WT% WT% WT%
NAME THM IL RUTILE LEUC MONA ZIRCON NAME THM 1L RUTILE LEUC MONA ZIRCON
56 795 178 011 007 003 030 10962 223 0.87 004 003 <001 0.06
57 779 195 006 010 <001 026 1097-1 260 079 002 003 <001 0.11
58 544 123 005 002 <001 011 10972 139 065 002 003 <001 005
59 1102 385 017 007 001 047 1097-3 126 067 003 002 <001 004
60 451 111 002 005 000 0.08 1098-1 178 089 002 004 <001 002
61 608 145 008 006 <001 021 1098-2 058 035 001 001 <001 002
62 293 068 003 004 <001 004 1099-1  1.18 040 002 002 <001 005
63 365 050 005 006 <0.01 0.12 10992 178 091 003 002 <0.01 0.05
64 532 054 005 004 <001 018 1100-1 264 065 002 003 <001 0.08
65 153 042 002 002 <001 0.03 11002 251 113 003 002 <001 0.10
66 679 151 010 005 <001 024 1103-1 180 070 001 0.02 <001 0.03
67 255 128 003 008 001 005 11032 162 065 002 005 <001 004
68 1.14 041 001 003 001 004 1103-3 174 037 002 002 <001 0.08
69 083 017 001 004 <0.01 001 1106-1 359 135 003 003 <001 008
70 065 023 001 003 <0.01 001 11062 263 077 002 001 <001 0.04
71 .19 034 001 002 <001 0.03 1107-1 435 134 003 003 001 0O.11
72 194 081 003 008 001 0.05 11072 183 036 003 002 <001 004
73 492 104 003 003 <001 0.06 1109-1 3.08 070 001 003 <001 004
74 440 093 005 005 <001 0.11 1111-1 276 0.67 003 002 <001 O0.11
75 055 016 0.01 001 <001 0.02 11112 320 095 003 002 <001 009
76 048 015 001 001 <000 002 11161 439 111 004 003 <001 0.12
77 1.51 047 002 004 <001 0.04 11162 400 1.11 008 001 <001 016
78 1.04 039 002 003 <0.01 003 1119-1 243 053 003 002 001 0.05
19 0.14 003 <001 001 <001 <0.01 11192 239 067 003 001 <001 009
80 474 181 004 009 001 0.18 1120-1 195 048 002 001 <001 0.04
81 439 108 007 006 <001 0.15 11202 3.05 098 003 003 <0.01 0.08
82 131 062 004 004 001 0.04 1121-1 344 072 003 003 <0.01 0.15
83 070 031 002 001 <0.01 0.01 1122-1 567 155 005 005 <001 0.13
84 051 019 001 002 <0.01 0.01 1127-1 551 136 005 005 <0.01 0.17
85 1075 35980 026 019 001 041 11272 270 078 001 003 <001 009
86 131 043 003 004 <001 0.04 1129-1 765 177 007 008 001 0.17
87 416 178 010 010 0.01 0.14 11292 611 1.14 005 005 <001 0.13
88 044 014 001 002 <001 001 1130-1  7.17 155 004 004 001 021
89 522 101 007 011 001 0.15 11302 196 045 001 0.02 <001 0.02
89A 438 206 008 008 001 0.1 1131-1 592 158 006 004 002 017
90 080 034 001 0.03 001 003 1132-1 632 137 004 005 <001 035
91 452 224 004 012 001 0.15 1134-1 879 299 016 003 001 041
93 097 029 001 003 001 003 11342 682 211 006 004 <001 02
94 082 029 0.02 002 <00t 0.01 1136-1 9.01 259 010 009 <001 031
95 042 0.08 <001 001 <001 0.01 11362 642 180 004 005 002 024
96 079 034 001 001 001 003 1136-3 334 098 004 002 <001 0.12
97 112 044 002 002 <0.01 0.03 1139-1 244 065 003 004 001 0.07
98 625 259 011 012 004 022 2000-1 200 053 003 004 <001 005
100 448 183 0.09 004 <001 0.16 20002 239 052 003 003 <001 008
101 347 082 003 004 <001 007 2001-1 202 041 002 004 <001 0.04
1090-1 246 064 002 001 <001 0.08 2002-1 375 109 002 001 <001 0.12
1090-2 191 049 0.02 003 <0.01 0.07 2002-2 3.01 0.89 0.01 0.03 <001 0.07
1091-1 236 057 0.01 003 _006 022 110-1 260 084 004 001 <001 0.14
10912 171 052 003 003 <0.01 0.07 110-2 221 041 003 002 <001 005
1091-3 161 061 004 002 <001 0.07 110-3 141 029 002 002 <001 0.02
1092-1 170 077 003 0.02 <001 005 115-1 074 021 001 001 <001 0.02
1092-2 103 048 002 003 <0.01 0.05 116-1 058 018 001 001 <001 0.02
1094-1 115 042 001 002 <001 003 116-2 054 0.17 001 001 <001 001
1094-2 101 048 0.02 002 <0.01 0.04 116-3 217 078 003 004 <001 0.08
1095-1 251 058 002 0.03 <001 0.09 116-4 092 033 002 001 <001 004
10952 230 107 004 003 <001 007 116-5 166 052 005 004 <001 0.05
1096-1 184 047 001 002 <001 0.04 117-1 126 038 002 002 <001 0.03
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SAMPLE WT% WT% WI% WI% WT% WT% SAMPLE WT% WT% WT% WT% WT% WT%
NAME THM 1IL RUTILE LEUC MONA ZIRCON NAME THM IL RUTILE LEUC MONA ZIRCON
117-2 387 107 007 004 <001 0.08 C16-2 536 0.18 0.09 002 <0.01 0.24
117-3 395 112 004 004 001 007 C17-1 380 059 006 008 <001 0.16
117-4 284 065 004 004 <001 005 17-2 426 035 006 003 <001 027
Ci-1 218 065 001 009 <001 0.9 C17-3 403 021 009 002 <001 0.16
C1-2 318 055 005 005 <001 0.09 Cl17-4 527 036 011 005 000 O0.16
C13 209 036 <0.01 006 <0.01 001 C17-5 572 023 012 003 000 023
Ci4 195 031 003 005 <001 008 C18-1 292 031 002 005 <001 0.07
C2-1 412 112 005 004 <001 022 C18-2 350 031 0.04 005 <001 0.12
C2-2 1.80 035 002 004 <001 0.09 C19-1 406 054 008 004 <001 0.19
C2-3 265 055 003 009 <001 013 C19-2 205 028 003 001 <001 0.08
C24 141 035 002 006 <001 004 C19-3 208 037 002 004 <001 0.03
C3-1 399 043 007 004 <001 015 C20-1 1.29 034 002 005 <001 0.04
C3-2 421 088 005 0.02 <001 024 C20-2 175 041 002 012 <001 0.05
c33 354 069 006 004 <0.01 025 C20-3 097 018 002 002 <0.01 0.04
C34 336 101 006 003 <001 0.14 C20-4 193 042 003 007 000 011
C4-1 265 046 004 003 <0.01 0.13 C21-1 .11 025 002 006 <001 0.08
C4-2 240 035 004 003 <0.01 008 C22-1 154 040 003 012 <0.01 0.06
C4-3 266 049 002 004 <001 010 C22-2 176 043 004 010 <001 0.07
C5-1 203 060 003 004 <001 0.06 C22-3 238 050 003 010 <001 0.08
Cs-2 291 035 005 006 <001 013 C22-4 122 031 0.02 004 <001 0.03
C53 351 039 006 002 <001 012 C23-2 143 030 0.01 004 <001 0.06
Cs54 331 036 005 005 <001 0.23 C23-3 159 039 002 003 <0.01 006
C6-1 438 090 007 006 <001 024 C23-4 095 023 001 003 <001 003
C6-2 255 044 004 003 <001 0.19 C24-1 1.05 030 002 004 <001 0.03
C6-3 578 051 012 007 <001 022 C24-2 149 037 003 006 <001 0.04
C7-1 314 062 002 000 <001 009 C25-1 041 015 001 002 <0.01 003
C7-2 145 048 001 0.03 <0.01 0.03 C25-2 139 050 0.02 005 <001 0.06
C73 235 058 001 003 <001 0.03 C25-3 177 049 002 004 <001 0.04
C8-1 345 105 004 002 <001 0.18 C26-1 353 118 006 013 <0.01 0.15
C8-2 675 072 008 007 <001 027 C26-2 260 051 007 005 <001 0.17
C8-3 365 033 007 002 000 013 C26-3 511 043 014 007 <001 029
C8-4 356 028 005 002 <001 0.13 C27-1 228 043 002 003 <001 0.10
C9-1 463 098 008 009 <001 0.17 C27-3 266 118 005 008 <001 0.10
C9-2 384 084 005 004 000 011 C28-1 188 064 004 008 <001 0.07
C93 316 065 006 004 <001 0.6 C28-2 327 085 006 008 <0.01 0.23
C10-1 322 085 006 003 <001 015 C28-3 308 056 005 007 <001 0.16
C10-2 407 040 006 0.03 <001 0.17 C28-4 240 069 004 008 <0.01 0.12
C10-3 498 047 008 007 000 032 29-1 453 179 007 009 <001 027
C10-4 453 030 008 008 000 036 C29-2 129 041 002 003 <0.01 0.06
Cl1-1 1.88 033 002 005 <001 0.09 C30-1 296 072 006 007 <001 015
C11-2 181 028 004 006 <001 0.04 C31-1 072 025 001 002 <0.01 003
C11-3 353 053 002 002 <001 023 C31-2 152 056 003 007 <001 0.09
C11-4 3.08 061 004 002 <001 026 C313 314 096 007 007 <0.01 0.16
Ci12-1 562 087 003 007 <001 0.12 C31-4 399 052 006 012 <0.01 0.21
C12-2 532 051 008 004 <001 022 C32-1 271 075 007 008 <001 0.13
C12-3 912 135 011 011 000 0.67 C32-2 273 044 004 009 <001 0.4
C12-4 740 060 010 004 000 042 C32-3 339 081 006 009 <001 026
C13-1 321 049 006 007 <001 011 C33-1 195 026 006 004 <0.01 011
C13-2 264 030 004 008 <001 0.10 C33-2 250 033 005 004 <001 017
C13-3 173 022 004 002 <0.01 0.2 C33-3 242 032 004 006 <001 0.15
Cl4-1 447 042 006 003 <001 0.10 C33-4 1.24 031 002 003 <001 0.07
Cl4-2 199 013 003 001 000 0.11 C34-1 1.08 035 002 002 <001 0.03
14-3 595 054 013 016 <0.01 027 C34-2 377 124 004 010 <0.01 0.17
C14-4 561 0.18 010 008 <0.01 025 C34-3 214 038 003 004 <0.01 009
C15-1 570 071 007 007 000 021 C35-1 1.78 037 003 007 <0.01 011
C15-2 657 048 009 009 000 022 C354 131 039 003 006 <001 0.08

Cl6-1 691 094 008 002 000 0.19 C36-1 062 026 001 001 <001 0.03
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SAMPLE WT% WT% WT% WI% WT% WT% SAMPLE WT% WT% WT% WT% WT% WT%
NAME THM 1IL RUTILE LEUC MONA ZIRCON NAME THM |IL RUTILE LEUC MONA ZIRCON
C36-2 073 025 001 001 <001 0.03 AVG 327 078 004 005 000 012
C36-3 086 034 002 001 <0.01 0.06 STD 224 068 003 004 001 0.10
C36-4 080 021 001 003 <001 004 MAX 1466 590 026 030 008 0.72
C37-1 440 059 005 011 <001 025 MIN 008 002 000 000 000 000
C37-2 222 060 004 003 <001 008

C37-3 216 066 005 006 <001 0.08 GARNAR’S

C38-1 199 028 003 002 <001 0.10 VALUES 50 225 010 025 005 025

C38-2 232 046 0.03 0.04 <0.01 0.07

C39-1 440 0.83 0.08 0.05 <001 024

C39-2 413 088 0.05 002 <0.01 0.14 Grab samples 51-1, 51-2, 51-3, and 51-4 were taken from
C39-3 260 076 0.05 0.03 <001 0.08 North Carolina barrier island beaches.

C40-1 456 0.88 0.06 0.07 <0.01 020

C40-2 418 096 0.09 0.14 <001 0.19

C40-3 275 071 0.04 0.08 <0.01 0.12

C41-1 38 077 0.06 004 000 0.8

C41-2 1.83 038 0.04 0.05 <0.01 0.08 APPENDIX VI

C41-3 265 068 005 0.07 <001 0.12

C42-1 356 123 006 010 <0.01 0.14 SAMPLES SORTED BY DECREASING ABUNDANCE
C42-2 435 137 008 0.09 <001 0.22 OF SELECTED MINERALS

C42_3 % * * * * *

C42-4 317 156 0.06 0.06 <0.01 021 Samples are sorted by decreasing abundance (with respect to
C43-1 638 033 011 016 <001 0.17 the total sample) of selected minerals. Only those samples
C43-2 355 102 0.05 005 <0.01 0.13 with values equal to or greater than Garnar’s values (ilmenite,
C43-3 672 124 0.09 005 <001 027 2.25%; leucoxene, 0.25%; rutile, 0.1%; monazite, 0.05%;
C44-1 649 094 0.09 010 000 029 zircon, 0.25%; based on THM = 5%) are listed.

C44-2 350 097 004 002 <0.01 0.12

C44-3 1.74 042 002 0.04 <0.01 0.07 sample % ILMENITE  sample % RUTILE

C45-1 301 040 004 008 000 0.14

C45-2 263 045 0.03 006 <001 0.07 85 5.90 85 0.26

C45-3 285 063 006 008 <001 0.16 51-4 4.28 51-4 0.23

C46-1 336 066 0.05 0.05 <0.01 0.11 54 425 59 0.17

C46-2 220 050 002 003 <001 0.05 59 3.85 1134-1 0.16

C46-3 219 039 002 004 <001 0.06 33 3.01 54 0.16

C46-4 304 089 0.06 004 <0.01 0.14 1134-1 2.99 HO1-3 0.15

C47-1 447 081 008 0.12 <0.01 0.13 48 2.89 C26-3 0.14

C47-2 1.62 054 0.02 005 <0.01 007 39 2.89 4 0.13

C48-1 089 026 002 003 <001 0.03 1136-1 2.59 STAO054 0.13

C48-2 091 015 0.02 004 <001 0.02 98 2.59 C14-3 0.13

C48-3 074 021 002 002 <001 0.03 35 2.53 6-3 0.12

C48-4 1.79 053 0.03 005 <001 0.06 42 2.37 C17-5 0.12

C49-1 100 029 002 004 <0.01 0.03 40 2.33 STA094 0.12

C49-2 0.82 025 001 003 <001 0.03 32 2.26 56 0.11

C49-3 166 042 0.03 0.02 <001 0.04 Cl174 0.11

C49-4 414 090 006 006 <001 0.14 C43-1 0.11

C50-1 266 054 0.02 004 <0.01 0.10 sample % LEUCOXENE 12-3 0.11

WB063-1 2.07 0.81 0.04 003 <0.01 0.09 98 0.11

WB063-2 2.13 0.87 0.01 0.09 <0.01 0.11 51-4 0.30 1136-1 0.10

WB063-3 253 090 0.03 0.14 <0.01 0.13 4 0.28 C12-4 0.10

STA0M 512 169 013 014 <001 025 41 0.26 Cl14-4 0.10

STA055 050 0.12 0.01 001 <0.01 0.1 87 0.10

STA0S6 083 026 002 001 <001 002 66 0.10

STA093 564 134 007 0.11 <0.01 023
STA0%4 745 170 012 0.10 <001 0.24
51-1 079 017 001 004 <0.01 0.02
51-2 009 0.03 <001 001 <001 <0.01
513 008 002 <001 <001 <0.01 <0.01

1-4 999 428 023 030 001 040
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sample % MONAZITE

sample % ZIRCON

0.08
0.07
0.07
0.06
0.05
0.05

0.72
0.67
0.56
0.47
0.42
0.42
041
0.41
0.40
0.36
0.35
0.34
0.32
0.32
032
0.31
0.31
0.30
0.29
0.29
0.27
0.27
0.27
0.27
0.27
0.26
0.26
0.26
0.26
0.26
0.25
0.25
0.25
0.25
0.25
0.25

VIRGINIA DIVISION OF MINERAL RESOURCES

APPENDIX VII
CORE DESCRIPTIONS

The following 39 cores were provided by A.E. Grosz of
the U.S. Geological Survey. They were taken by the U.S.
Army Corps of Engineers Coastal Engineering Research
Center (CERC) and used by Meisburger, 1972. They are
arranged by the CERC numbers, so a cross-reference to the
USGS-assigned number is provided. Colors are from the
Munsell Soil Color charts.

USGS NO. CERCNO. USGS NO. CERC NO.
110 70 1111 12
115 59 1116 9
116 58 1119 54
117 D73 1120 39
1090 5 1121 40
1091 43 1122 20
1092 33 1127 29
1093 4 1129 25
1094 46 1130 26
1095 47 1131 19
1096 48 1132 28
1097 49 1134 56
1098 34 1136 41
1099 35 1139 16
1100 30 2000 2
1103 36A 2001 3
1106 53 2002 31
1107 52 2003 58
1109 11B 2004 60
2005 61

Thickness
(meters)
USGS NUMBER 2000 (CERC #2)

Silt, gray (5Y 6/1), clayey; some sand, very-fine-grained;
oyster shell at top of COTE ......cvvvvereerenerreeeeeerennnns 6.30

USGS NUMBER 2001 (CERC #3)

NOTE: Empty plastic liner labeled 3A.............coueuee..e. 2.00

Silt, light olive gray (5Y 6/2); sandy, very-fine-grained;
massively bedded; scattered shell fragments at top and
bottom of core; sand, fine-to medium-grained, laminae
throughout core (1-3cm thick);labeled 3B............... 1.34

USGS NUMBER 1093 (CERC #4)

Silt, light-olive-gray (5Y 6/2); clayey; sandy, fine-grained;
massively bedded..........ooeeeereiiienieeienieieeie e 3.01
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Thickness
(meters)
USGS NUMBER 1090 (CERC #5)

Sand, grayish-brown (2.5Y 5/2), fine-grained; silty; mas-
sively bedded; shell fragments common; many shell
fragment at approxmately 0.95m ........cooevrvniirinnnne 245

Sand, grayish-brown (2.5Y 5/2), fine- to medium-grained;
massively bedded; grading into sand, medium- to coarse-
grained; some gravel; massively bedded................. 1.09

USGS NUMBER 1116 (CERC #9)

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; silty;
massively bedded; Ensis fragments common........... 2.50

Sand, coarse-grained; and gravel; and shell fragments; in-
cluding coral (4cm 1ONZ) ..cvvvivvvireirisiorerrermsiesunronns 0.25

Sand, light -brownish-gray (2.5Y 6/2), fine-grained; silty;
massively bedded; Ensis fragments common.......... 135

USGS NUMBER 1109 (CERC #11B)

NOTE: Top of section B, not the top of the core

Sand, light-olive-gray (5Y 6/2), fine-grained, micaceous;
massively bedded; shell fragments common........... 2.38

USGS NUMBER 1111 (CERC #12)

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; mas-
sively bedded; scattered shell fragments common ...2.00

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; mas-
sively bedded; shell fragments common; a small sandy
mud pod; from 0.8 to 1.10m in this interval is a higher
concentration of shell fragments .....o.ccooviniiinencnnne. 1.34

USGS NUMBER 1139 (CERC #16)

Sand, light-gray (2.5Y 7/2), fine- to medium-grained;
massively bedded; with small shell fragments (a few
INTL.) . cveeneeeneeecerereereesresseesessnessesssesssessenes sestssesasanaens 045

Sand, light-brownish-gray (2.5Y 6/2), very-fine- to fine-
grained; massively bedded ......ccccooevenniinniinninns 1.39

USGS 1131 (CERC #19)

Sand, light-brownish-gray (2.5Y 6/2) fine-grained; massively

bedded; abundant shell fragments in this interval at 0.3 to
0.65 Muuvieirriieeceeriree ittt eesssses e ssaend 0.98

Thickness
(meters)

Sand, pale-yellow (2.5Y 7/4), fine-grained; massively bed-
ded; in this interval at 0.27m Callianassa? tubes (up to
SCM)  covecerreercresvessemsmsnsnnsnsssssssnsrssssnsmossssssssaeneas 0.84

USGS NUMBER 1122 (CERC #20)

Sand, light-brownish-gray (2.5Y 6/2) fine-grained; massively
bedded; abundant shell fragments; shell layer-(.5-.65m)
SHELLS UP 10 BCMueunerrerrerrinrereraessnrscseseninncscsnaed 0.65

Sand, light-olive-gray (5Y 6/2), fine-grained; massively
bedded; shell fragments COMMON.....c.ecceecccrriervarenns 0.80

USGS NUMBER 1129 (CERC #25)

Sand, light-brownish-gray (2.5Y 6/2), fine grained; mas-

sively bedded; sparse shell fragments .......coeueeeneee. 193
Sand, coarse-grained; with shell fragments...................... 0.18
Sand, grayish-brown (2.5Y 5/2), fine-grained; massively bed-

14 (7 VOO OO SRR UUPROERURO: 0.24
Clay andsilt, light-yellow-brown (2.5Y 6/4).........cccccuucec.. 0.12

Sand, grayish-brown (2.5Y 5/2) fine-grained; massively bed-
EA..c..eeecerreererenssse st srsss e senensassasn s s besnnst 0.43
USGS NUMBER 1130 (CERC #26)

Sand, light-olive-gray (5Y 6/2), micaceous, fine-grained;
massively bedded; with shell fragments.................. 145

Silt, light-brownish-gray (2.5Y 6/2), slightly clayey; lenses
of sand, fine-grained..........covuviveiesmeesinieniniinieennns 1.08

USGS NUMBER 1132 (CERC #28)

Sand, light-olive-gray (5Y 6/2), fine- to medium-grained;
with shell fragments; Ensis clam at top; oyster shell at
0UA5IM .ocereecieceee s erseeee e ssssstssssnssesserssnnnsnnensnans 1.64

USGS 1127 (CERC #29)(Cape Charles)

Sand, light-olive-gray (5Y 6/2), micaceous, fine-grained
................................................................................. 2.78

USGS NUMBER 1100 (CERC #30)

Sand, light-olive-gray (5Y 6/2), micaceous, coarse- to fine-
o4 211 (1 AT UO O UUUOOR O PRSP 0.53
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Thickness
(meters)

Sand, coarse-grained; and gravel; iron stained.................. 0.07

Sand, micaceous, fine- to medium-grained; shell fragments

................................................................................. 0.10
Sand and siltand clay, olive gray (5Y 5/2), massively bedded

................................................................................. 0.83
Silt, light-olive-gray (SY 6/2) sandy, fine-grained; massively

BeAded ...ttt e 0.70
Sand, light-olive-gray (5Y 6/2), medium- to coarse-grained;

aNd Gravel .....c.eecieeeereeeeneeee e ssesseeend 0.27
USGS NUMBER 2002 (CERC #31)

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
massively bedded; shell layer at 0.26-0.30m, shells up to
3Cm QIAMEIET ....coceveeerree e e ene 0.30

Sand, gray (5Y 6/1), fine- to very-fine-grained; shell frag-
ments common; Ensis fragment in this interval at 0.63m
................................................................................. 1.47

Silt and sand, gray (5Y 6/1), very-fine-grained; massively
bedded shell fragments rare .........oeeeveeveeeeeecrinnene 1.62

USGS NUMBER 1092 (CERC #33)(#33a,33b Cape Henry 8/
21/68)

Sand, light-yellowish-brown (2.5Y 6/4), coarse-grained; and
gravel; massively bedded; local concentrations of clay
................................................................................. 0.75

Sand and gravel, olive-yellow (2.5Y 6/6), coarse-grained;
(increased amounts of gravel)............ocovveveienncennecanss 1.05

Sand, light-yellowish-brown (2.5Y 6/4), medium- to fine-
grained; some coarse-grained sand; massively bedded
................................................................................. 0.56

Sand, pale-yellow (2.5Y 7/4), medium- to coarse-grained,
and gravel massively bedded .........ooeeeeeenenennen... 149

Sand, light-gray (2.5Y 7/2), fine-grained; and gravel; plant
roots in this interval at 0-0.15m ...........oeueurenecceen 0.45

Sand, pale-yellow (2.5Y 7/4), medium- to coarse-grained;
and gravel massively bedded ..............co.cuverennne... 048

NOTE: Bottom of last core liner is threaded

Thickness
(meters)
USGS NUMBER 1098 (CERC #34)

Sand, light-yellowish-brown (2.5Y 6/4), coarse-grained; and
gravel; massively bedded; high concentration of pebbles
AL AS5-.00M ..ot erneas 0.70

Sand, yellowish-brown (10YR 5/8), coarse-grained; and
gravel; massively bedded; high concentration of gravel
in this interval at .10-.25m and again at .65-.95m
................................................................................. 1.21

Sand, yellowish-brown (10YR 5/8), coarse-grained; and
gravel; and pebbles; iron staining; micaceous; grades
INEO DRIOW ..t sttt seae 0.68

Sand, light-olive-gray (5Y 6/2), medium-grained; grades into
DEIOW ..t ceerercrreer e sreseseses e eseerer e snesaessesnnness 0.16

Silt, light-yellowish-brown (10YR 6/4); sandy, fine-grained;
Clayey; MICACCOUS ....coceemeeeerererrrnmrosssrressasarreeseenesens 1.06

Silt, light-yellowish-brown (10YR 6/4); clayey; sandy, fine
grained; shell fragments; micaceous ............covee... 1.89

USGS NUMBER 1099 (CERC #35)

Sand, light-brownish-gray (2.5Y 6/2), fine- to medium-grained;
shell fragments; massively bedded; grades into below
................................................................................. 0.50

Sand, fine-grained; muddy; micaceous; grades into below
................................................................................. 1.55

Sand, fine- to medium-grained; muddy; scattered gravel at
bottom of INterval ..........cceveeveerevenverenreereeenr oo 0.52

Sand, fine- to medium-grained; muddy; scattered shell frag-
INEMLS.....coeienireertessesnssseestessesesmtenesassasssossenssesesssssnns 0.38

Sand, pale yellow (5Y 7/3), coarse- to medium-grained; grav-
elly; MICACEOUS .cuerrveririrveseserirentrenerenrsasesessonsarosenes 0.25

Sand, light-yellowish-brown (2.5Y 6/4), coarse- to medium-
grained gravelly; miCacous .......oeeuveeeeeeerverirerrnnnns 0.25

Sand, light-brownish-gray (2.5Y 6/2), coarse- to medium-
grained; gravelly; miCaceouUs........cccervveeeeerereererrsnnnes 0.70

Sand, light-yellowish-brown (2.5Y 6/4),coarse-grained; peb-
bly; gravelly; iron stained ........coocveeeevnnenccerernnnenn 041
USGS NUMBER 1103 (CERC #36A)

Shell fragments; silt; and clay; light-olive-gray (5Y 6/2); core
highly disturbed...........ccccooinvcevnnnenininrenirenencad 0.25
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Thickness
(meters)

Sand, olive-gray (5Y 5/2), fine-grained; silt; and clay; shell
fragments; core highly disturbed ............cccovererneenee. 0.95

Sand, olive-gray (5Y 5/2), coarse-grained; silt; and gravel,
few shell fragments; core highly disturbed .............. 0.60

Sand, gray (5Y 5/1), fine- to medium-grained; gravel; small
amount of siltand clay; scattered shell fragments.....1.05

Sand, gray (5Y 5/1), fine- to very-fine-grained; sparse shell
12124 1115) 115 J OO OUURU OO POPTOOON 1.80

Sand, gray (5Y 5/1), fine- and medium-grained; gravel
................................................................................. 0.35

USGS NUMBER 1120 (CERC #39)

Sand, light-gray (2.5Y 7/2), medium- to coarse-grained; abun-
dant shell fragments (up to 2cm) including Ensis, various
other bivalves, and a sand dollar fragment; massively
bedded .......cooeceieeriereeecene st 0.62

Sand, light-olive-gray (S5Y 6/2), medium- to fine-grained;
massively bedded ..o 0.70

Sand, light-gray (2.5Y 7/2), medium- to coarse-grained; abun-
dant shell fragments, some large (up to 6cm); massively
bedded ....oooeeeeeereece s 0.18

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; mas-
sively bedded ....uueeveeeeieencneieniinn e 0.10

Sand, light-brownish-gray (2.5Y 6/2), fine- to very -fine-
grained, massively bedded .........ccocorurvinnrernrerenns 1.75

USGS NUMBER 1121 (CERC #40)

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
micaceous; massively bedded; widely scattered shells
................................................................................. 2.36

USGS NUMBER 1136 (CERC #41)

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
micaceous; massively bedded; widely scattered shells
................................................................................. 1.50

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
micaceous; massively bedded; shelly layer in this inter-
val at 1.02-1.08M0 ....cccoviveerrcccrrreinirnieceensensnnens 3.15

Clay, SIILY ..oiceececcreicnesecceseeresresesesssssssssnsssasssssssnsssanasaass 0.20

NOTE: Iron stain at bottom of core due to rusted core-catcher

Thickness
(meters)
USGS NUMBER 1091 (CERC #43)

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
silty; micaceous; massively bedded .........c.ccoeuene... 4.70

USGS NUMBER 1094 (CERC #46) CAPE HENRY

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained,
micaceous massively bedded; shell fragmentsrare; well-
formed worm tubes at 0.25m.; some unidentified frag-
MENLS, COALT ...uereeecreirinrinsnsternrnnes st cenes 1.58

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;

micaceous; massively bedded; rare shell fragments

Clay, light-olive-gray (5Y 6/2); silty; massively bedded; iron
staining in the surface along the Core..........oeeereeerennncsd 0.88

USGS NUMBER 1095 (CERC #47) CAPE HENRY

Sand, light-olive-gray (5Y 6/2); silty; massively bedded; shell
fragments rare; big piece of coal this interval at 0.25m
................................................................................. 1.61

Sand, light-yellowish-brown (2.5Y 6/4), fine- to very-fine-
grained; silty; massively bedded; iron stained; coarse

QUATTZ GrAINS TATC......cvieereseiiecrrensrssnssssasesssssssssosseses 0.44

Sand, light-gray (5Y 7/2), (gray color), fine-grained; silty;
clay; massively bedded .........oovemerinnnneceiicnnnnnnadd 0.15

Sand, pale-yellow (2.5Y 7/3), mixture of fine-, medium- and
coarse-grained; (POOT SOTHNE)...cecverrerererarsesessssesesnens 1.08

USGS NUMBER 1096 (CERC #48)

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
silty; micaceous; massively bedded; worm tubes in the
surface (10cm); some coal fragments in the first 20 cm;
layer of shell fragments this intervalat 1.50-1.55m....1.80

Clay, light-gray (5Y 7/1); silty; with some laminations.......0.55

Sand, light-olive-gray (5Y 6/2), fine-, medium-, and coarse-
grained; pOOILY SOTtEd......ouvremersesereereccnsensusasesennnsd 0.55

Cobbles (6x3 cm); gravel; coarse sand; poorly sorted ....0.17

Silt, olive-yellow (2.5Y 6/6); sand; with clay; iron-colored
................................................................................. 1.68
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Thickness
(meters)
USGS NUMBER 1097 (CERC #49)

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
massively bedded; few scattered shell fragments; grad-
ing to sand, medium-grained; micaceous; massively
bedded; grading to sand, medium- with some coarse-
grained; micaceous; massively bedded; grading to sand,
pale yellow (2.5Y 7/4), medium- to coarse-grained; mi-
caceous massively bedded .............oouonrennreennnnn, 2.78

Sand, coarse-grained; and gravel up to 2cm ................. 0.07

Silt, brownish-yellow (10YR 6/6), fine-grained sand, and
silty, fine- grained sand; iron stained; clam shells com-
mon up 10 6 or more cm partially dissolved, casts and
molds; micaceous; massively bedded; grades to below
................................................................................. 1.65

Sand, yellowish-brown (10YR 5/4), fine-grained; silty; shells
and shell fragments (0.5 cm to several cm); massively
DEAAEd ... o, 0.76

USGS NUMBER 1107 (CERC #52)

Sand, pale-yellow (5Y 7/3), medium-grained; micaceous;
shell fragments; massively bedded ..................... 0.15

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
massively bedded shell fragments; grading into below
................................................................................. 0.85

Sand, pale-yellow (SY 7/3), medium-grained; micaceous;
scattered shell fragments; massively bedded; grading
INLO DEIOW ..ot 040

Sand, light-olive-gray (5Y 6/2), fine- with some medium-
grained; scattered shell fragments; massively bedded;
MHCACEOUS ...vvvvrveeecreennrrrnrererses e seseesesessessssessesons 1.91

USGS NUMBER 1106 (CERC #53)

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
scattered shell fragments including Ensis; massively
DEAAEd ....ooveeiecmeerne st ese e 2.96

USGS NUMBER 1119 (CERC #54)

Sand, light-olive-gray (5Y 6/2), medium-grained; micaceous;
scattered shell fragments; massively bedded; grading
INLO DEIOW ..ot oo 0.70

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
scattered shell fragments; concentrated shell fragments
up to 1.5cm and some gravel in this interval at 0.72-
0.82m; massively bedded; grades to below ............ 2.70

Thickness
(meters)

Sand, medium-grained; micaceous; scattered shell fragments;
massively bedded; grading into below .................... 0.50

Sand, medium- to fine-grained; micaceous; scattered shell
fragments; massively bedded ............ocreeneunn....... 0.28

USGS NUMBER 1134 (CERC #56)

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
widely scattered shell fragments; massively bedded:
medium- to fine- grained sand this interval at 0.25-0.35m
................................................................................. 3.50

USGS NUMBER 2003 (CERC #58)

Sand, light-olive-gray (5Y 6/2), fine-grained; micaceous;
scattered shell fragments; massively bedded .......... 0.25

Sand, light-gray (2.5Y 7/2), coarse-grained; shelly; and gravel;
(shells to 6 cm) including sand dollar; massively bedded
................................................................................. 0.25

Sand, light-gray (2.5Y 7/2), medium- to coarse-grained; abun-
dant shell fragments (somewhat smaller); massively
bedded; grading into below ........c.eeeeeeeeeerereerernnnnns 0.80

Sand, light-gray (2.5Y 7/2), coarse-grained; with gravel;
abundant shell fragments (to 6cm); gravel isiron stained;
massivelybedded..........ocoverereerreneceecnreeneceeensnn, 0.50

Silt, light-olive-gray (5Y 6/2); sandy, fine-grained; possibly
Pliocene (Yorktown?) inage; massively bedded......... 0.21

Silt, light-brownish-gray (2.5Y 6/2); slightly clayey; some
sand, fine-grained; small amount of gravel; massively

bedded ......eeveereereeeeeeteeeereeete et 0.39
Sand, light-brownish-gray (2.5Y 6/2), fine-grained; silty;

massively bedded; grading into below ..................... 0.85
Sand, fine-grained; micaceous; massively bedded; grading

INEODEIOW ..oiviiececrenrtnnsee et eses s esesesssens 0.13
Sand, light-brownish-gray (2.5Y 6/2), medium-grained; mas-

Sively bedded ......ovreueeneeceerserenerrecsenee e 033
USGS NUMBER 2004 (CERC #60)

Silt, pale-brown (10YR 6/3); clayey; massively bedded;
£rading into BEIOW .......ceveeereeeeercicniceeceeeenns e 0.60

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; silty;
massively bedded; grading intobelow ..................... 0.25
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Thickness
(meters)

Sand, light-brownish-gray (2.5Y 6/2), fine-grained; mi-

caceous; massively bedded; grading into below ......0.80
Sand, light-brownish-gray (2.5Y 6/2), fine-grained; silty;

massively bedded; grading into below ...t 0.65
Sand, light-brownish-gray (2.5Y 6/2), fine-grained; mas-

sively bedded ..ot 0.17
USGS NUMBER 2005 (CERC #61)

Sand, light-gray (5Y 7/2), medium-grained; rare shell frag-
ments; massively bedded .........ccoveicirnnicinennnnne 1.40

Sand, light-gray (5Y 7/2), fine- to medium-grained; abundant
shell fragments; massively bedded; increased amount of
shell fragments in this interval at 0.8-0.93m ............ 0.93

USGS NUMBER 116 (CERC #58 and #D58) Delmarva sand

Sand, pale-yellow (5Y 7/3), fine- to medium-grained; mi-
caceous; shell fragments ........ececvvrriiensienecrsnssnnnnns 0.55

Sand, pale-yellow (2.5Y 7/4), coarse -grained; and gravel;
SHEILY covierrereriercerer ettt be e be et en s snsananes 0.30

Clay, gray (5Y 5/1); silty; massively bedded; scattered shell
fragments (well-preserved, mostly bivalves, some gas-
tropods and sand dollars up to 1-2cm) .......ecievvveeevenne 2.76

Sand, light-olive-gray (5Y 6/2), fine- to very-fine-grained;
micaceous; massively bedded; scattered shell fragments
(clam and oyster shells to 2cm); numerous shell frag-
ments in this interval at 1.16-1.32m; plant roots at bottom
of core - possibly modern contamination ............... 1.90

(CERC #D58B) Note: No markings to show top or bottom of
core.

Sand, light-gray (5Y 7/2), fine- to medium-sand; massively
bedded; shell fragments ......ccocveeccnncnnnenninniand 0.80

Sand, light-olive-gray (5Y 6/2), fine-grained matrix with
medium- to coarse-grains; numerous shell fragments (to
2CIMN) cvevrereerrerrerseenseriereessessessesesssesssnssnsesssnssasessssssseoss 0.20

Sand, light-gray (5Y 7/2), fine- to medium-grained, coarsen-
ing toward bottom; shell fragments rare; massively bed-
e .ooreerereecresreens e s st eneae e 0.76

Thickness
(meters)
USGS NUMBER 116-5 D58 A 2/2
NOTE: Core was broken. Most of the material was absent.
Sand, fine-grained; micaceous; same sand as the other two
SECLIONS cuvvrverrervereessessnsrersssacsssssmssmesersnsssssassnssasssssass 0.94
USGS NUMBER 117 (CERC #D73)

Sand, pale-olive (5Y 6/3), medium- to coarse-grained; gravel;
SHELIS ..t erierctieseseeeseessensstesssssssssnssessasnanaseanasas 0.30

Sand, light-olive-gray (5Y 6/2), medium-grained; micaceous;
scattered shell fragments; massively bedded; grading
0O DEIOW .oeirietiiercceccnesaseseesstsssanenstanssssassansssasand 030

Sand, fine-grained; micaceous; massively bedded ......... 0.60

Mud, and sand fine- to coarse-grained; and gravel, gray (5Y
5/1); abundant shell fragments .........cceevvceuresuscncnnens 0.95

Sand, light-olive-gray (5Y 6/2); fine- to medium-grained;
scattered shell fragments ......coccevvveiemecernnnennroneensd 0.75

Sand, light-olive-gray (5Y 6/2); medium-grained; micaceous;
abundant shell fragments; massively bedded ........... 0.65

Sand, fine-grained; micaceous; abundant shell fragments;
massively bedded..........oovvmmssreniinicsnensiiiinn 0.15

Sand, medium-grained; micaceous; abundant shell fragments;
massively bedded..........vmvevnreeenennnnssiiisisinnn, 0.25

Sand, coarse-grained; and gravel; poorly sorted shells......0.10

Sand, pale-yellow (5Y 7/3), fine- to medium-grained; silty;
micaceous; massively bedded; shell fragments, well-pre-
SErved ZASTOPOAS ...vvucrsissserisiresamnnscscssaessssssesssssanns 0.75

Sand, gray (5Y 6/1), medium grained; abundant shell frag-
ments; scattered quartz gravel; massively bedded ...1.05

USGS NUMBER 110 (CERC #70)

Silt, pale-yellow (5Y 7/3); clayey; massively bedded.......0.70

Sand, pale-yetlow (5Y 6/3), very-fine-grained; micaceous;
massively bedded.........oeimniecennnicinennnans 1.65

Sand, gray (5Y 6/1), very-fine-grained; silty; micaceous;
massively bedded........omiennnnnniicsiincanennsd 0.95

Silt, grayish-brown (2.5Y 5/2); sandy, very-fine-grained;
SHELLY vovvereeemrnececeesentessssssstense s s sssasssasessasssasasenns 0.55

Silt, CLAYEY cuecereeceenrernsransessessssmssnssssssansssessesssssasssusssssensenss 0.15




74 VIRGINIA DIVISION OF MINERAL RESOURCES

Thickness

(meters)
Sand, very-fine-grained; silty; micaceous .................... 0.20
Silt, CIAYEY oottt 0.20

Silt, light-brownish-gray (2.5Y 6/2); sandy, fine-grained;
shelly; clayey silt layers in this interval at 0.30-0.35m and
0.48-0.51M .....couenreercireenrrrrreentenrer e ersee e eeeeas 0.60

Silt; clayey; Shelly........ceuieveierenneninniserene e sssesesssans 0.32

USGS NUMBER 115 (CERC #59)
NOTE: possible missing core section listed below
Silt, coarse-grained ...........eceuvveeveeeemeemeeeeeeessesrerersrses 0.05

Silt, light-olive-gray (5Y 6/2); clayey; shell fragments rare
(a few mm); massively bedded ..........ccovernnn..... 3.30

Silt, gray (SY 6/1); clayey; shell fragments rare (up to 2cm);
massively bedded...........ooveerveneeeviririeieeessreenn, 1.80

The following 25 cores were acquired during the summer of
1986.

CORE H01

Sand, light-brownish-gray (2.5Y 6/2), fine- to medium-grained;
massive; shell fragments up to 1.5cm; oyster shell frag-
ment 2¢m; Spisula? 1.5CM ...u.evvvevveceeieseeesssvsvenns 1.80

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
slightly silty; massive; shell fragments; in this interval
shell fragments up to 1.5cm beginning at 1.20m; well
preserved shell Spisula? 3cm at 1.65m; gastropods 1cm
long below 1.70M .......cucueeerrerreverreeneeceeeeceessresres e, 1.96

CORE H02

Sand, coarse- to medium-grained; with clay balls; shells-
oysters, clam, Ensis - up t0 5.5CM ...veeeveeevnnnnnnnnnnnd 0.17

Sand, fine- to very-fine-grained; massive; grading into below

................................................................................. 0.11
Sand, coarse-grained; massive; shell fragments up to Icm

................................................................................. 0.14
Sand, fine- to very-fine-grained; massive .................... 0.44

Silt, (5Y 2/1), clayey; small amount of very-fine-sand;
massive; interspersed with clayey , silty, very-fine-grained
sand this interval at 0.89m ..........c.coveeurernnn..... 2.96

Thickness
(meters)
CORE HO3

Sand, fine- to very-fine-grained; massive; shell fragments up
to 1-2mm grading into below .........cceeriveeennnnnece. 0.22

Sand, coarse- to fine-grained; massive; shell fragments up to
2cm; well-preserved clams, Ensis ; grading into below
................................................................................. 0.18

Sand, fine- to very-fine-grained; massive; grading into below
................................................................................. 0.13

Sand, coarse-grained; massive; shell fragments up to 1.5cm;
grading into BEIOW ......cceveveveemrereercenren et 0.09

Sand, medium- grained; massive; shell fragments several
mm; grading into below ........ccceevevecreervneerrcncnnad 0.08

Sand, fine- to coarse-grained; shell fragments several mm;
grading into bEloW.........covereevecierenrerteeee s eeeene 0.08

Sand, fine- to very-fine-grained; massive; micaceous.......0.51

CORE H04

Sand, olive-gray (5Y 4/2), fine- to very-fine-grained; massive
................................................................................. 1.09

Clay, plastiC; MasSiVe; VEIY WeL........coeveveeeeemeeverersesereensd 0.09

Sand, very-fine-grained; silty; massive .............ocue...... 0.15

Clay, plastiC; MASSIVE.......ccceverereerereerrresreresenteaeseeesessseans 0.24

Sand, olive-gray (5Y 4/2), fine- to very-fine-grained; silty;
massive; in this interval: shell fragments up to .8cm some
well-preserved at 1.12-1.16m; abundant shell fragments

up to 1.5cm at 1.37-1.57m ...cueeveevnecrevereene. 2.08
Shelly layer shell up t0 ICM....cccoeerrrrvrerenireeenereneceeeaenen. 0.05
Clay, dark-gray (SY 4/1), silty; with stringers of silty fine- to

very-fine-grained sand.............oicevincenecueencnnenenan 041
Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;

SHLY; MICACEOUS ...ueeveveeeerreece et e s seresteseeennand 0.30
CORE HO05

Sand, olive-gray (5Y 4/2), fine- to very-fine-grained; mas-
sive; micaceous; locally slightly silty, fine- to very-fine-
grained sand; in this interval: shell fragments in upper
0.75m (up to 6cm long); and layer of medium- to fine-
grained sand, abundant shell fragments up to .5cm (clams,
Ensis, oyster shell 6cm long; color changes several time
throughout core as follows: very-dark-gray (5Y 3/1) at
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Thickness
(meters)

0.16m; olive-gray (5Y 5/2) at 0.39m, dark-gray (5Y 4/1)
ALO.T2M et srss s arn e e ses 1.85

CORE HO6

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; massive; scattered shell fragments up to 3cm

Oyster shell and clam shell fragments up to 7cm long.....0.10

Silt, clayey; slightly sandy; massive; slightly plastic; 3cm
long bone? fragment this interval at 0.67m ............ 0.84

Sand, very-dark-gray (5Y 3/1), fine-grained; silty; clayey;
micaceous; massive; grading into slightly muddy fine-
grained SaNd ........covececernrinsirinnirininee e 146

Sand, very-dark-gray (5Y 3/1), fine-grained; muddy; mi-
caceous; massive; with clay pods interspersed ........ 1.52

Silt, very-dark-gray (5Y 3/1), clayey; sandy; micaceous;
massive; slightly plastic; grading to clayey, silty, fine-
grained sand; with sparse clay pods lcm. ... 140

CORE HO7

Sand, very-dark-gray (5Y 3/1), fine-grained; massive; scat-
tered shell fragments of several mm ...................... 048

Sand, fine- to course-grained; poorly sorted; abundant shell
fragments of several mm; some well-preserved oyster,
scallop, and clam shells up to Scm (which continue into
mud layer, abundant to 0.12m depth); nonhomogenous
color this interval at 0.00-0.05m .........ccovvvrininansd 0.12

Clay, dark-olive-gray (5Y 3/2), silty; plastic; with pods of
muddy fine-grained sand; micaceous; color changes to
very-dark-gray (SY 3/1) e 1.17

Mud, fine-grained sand; plastic; abundant shell fragments 3-
4cm; well-preserved oyster shell 7em......eevnnnned 0.05

Clay, silty; fine-grained sand; plastic; scattered shell frag-
INEIS Levrveveerncnteraesensnenresessesseensenessssssasensssssssmsassssssens 0.28

Shell layer; plastic fine-grained sand, silty clay; well-pre-
served oyster shell (7cm); abundant oyster shells; grad-
ING iNLO DEIOW ..evenrreirenrceecerecenninnteerensicnaenes 0.10

Clay, silty; micaceous; plastic; some sandy pods, scattered
shell fragments; grading into below ........coeueeneed 0.02

Sand, dark-gray (5Y 4/1)to olive-gray (5Y 4/2), fine- to very-
fine-grained; massive; micaceous; intercalations of silty

Thickness

(meters)
clay this interval at 0.63-0.76M ........cceurrerereercecuncnnne 1.22
Clay, silty; with firm clay balls ......cc.ocomuereesescscesenscunae 0.10

CORE HO8

Sand, grayish-brown (2.5Y 5/2), fine-grained; micaceous;
massive; shell fragments ....ovveecivieresneenennnnnndd 0.17

Sand, medium- to fine-grained; shell fragments up to 0.5cm
................................................................................. 0.08

Sand, dark-gray (2.5Y 4/0), fine-grained; micaceous; mas-
sive; shell fragments up to 4cm; in this interval: oyster
shell fragment 4cm at 0.75m; coarse-grained sand with
shell fragments up to 2cm at 0.93-0.97m; 2.5 cm scallop
shell; grading into BEIOW ......ccoeeeriernenneneneecnnenenencs 1.09

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; silty;
micaceous; massive; several interspersed discontinuous

clay pods 0.5CH .......cocervrrmrmrnieriitnsnseressoscesssnennnss 1.11
SHEll haSh. ...t st sarasssnsssssssssssnsnad 0.05
Sand, fine- to very-fine-grained; Silty ..........coooveeerntsrennrens 0.07

Silt, olive (SY 5/4), fine-grained sand; with clay pods........0.21

CORE HO09

Sand, fine- to very-fine-grained; micaceous .................. 0.28

Sand, dark-reddish-gray (10YR 4/1), fine-grained; sparse
shell fragments Up t0 4CM ....eeeernrevererereseninsesesenens 1.03

CORE H10

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments up to Imm;

possible plant stems this interval at 0.55m ............. 0.95
Sand, coarse-grained; shell fragments up to 6¢m ............ 0.08
Sand, dark-gray (5Y 4/1), fine-grained ........cccornvereeneeen. 0.04

Sand, fine-grained; with silty clay pods (highly indurated);
grading into BEIOW ..........ccermerevmmririnsesenncecccccsencnad 0.16

Sand, olive (5Y 4/3), fine- to very-fine-grained; micaceous;
massive; somewhat silty??; color changes to olive-gray
(5Y 5/2) and olive (5Y 5/3); grading into below ....1.61
Silt, clayey; grading into BElOW......cuiiivrmiirnenciiiisisnnnd 0.18

Clay, silty; grading into below......ccvvveeveeceenininncinns 0.15
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Thickness
(meters)

Silt, fine-grained sand; slightly micaceous .................... 0.22

CORE H11

Sand, fine- to very- fine-grained; micaceous; massive; scat-
tered Ensis fragments at top, other shell fragments through-
out; in this interval: 4cm oyster shell fragment at 0.41m;
poorly sorted coarse-grained sand, abundant shell frag-
ments well-preserved clams, etc. up to 3cm at 0.33-
0.36m, and 0.40-0.45m .......uouvveveririreneceeeerrrrnnns 1.89

CORE H12

Sand, medium- to coarse-grained; abundant shell fragments
................................................................................. 0.19

Sand, dark-gray (5Y 4/1) to very-dark-gray (5Y 3/1), me-
dium-grained; abundant shell fragments up to 1cm;
grading into bElOW ........coeeevvueererirvnririeirereeeeane. 0.81

Sand, very-fine- to fine-grained; micaceous; shell fragments
................................................................................. 0.23

Sand, fine-grained; rare shell fragments up to 2cm;
shell layer, well-preserved 2cm clam this interval; at
0.52m color changes dark-gray (5Y 4/1) to very-dark-
ZIAY (SY 3/1) it rreescessceesest s eesene 1.05

CORE H13

Sand, coarse-grained; poorly sorted; abundant shell frag-
ments up to 3.5cm, Ensis, oyster and clam fragments;

grading into BEIOW ....covvvveecieicreeeeee e seeeaeeeena. 0.27
Sand, light-brownish-gray (2.5Y 6/2), fine-grained; abundant

shell fragments up to Scm (oyster shell) .................... 0.28
Sand, dark-gray (10YR 4/1), fine-grained; micaceous; sparse

Shell fragMENLts ......cccovveveueueieceeiececceeeere s inereene 1.49
CORE H14

Sand, coarse- to medium-grained; poorly sorted; with oyster
shells, well-preserved gastropod (5cm ) .....cveennee... 0.30

Clay, very-dark-gray (5Y 3/1), silty; plastic; intercalated with
layers of fine-grained, micaceous sand; sand 1-2cm thick
................................................................................. 0.28

Sand, dark-gray (5Y 4/1), fine-grained; massive; micaceous
................................................................................. 0.59

Thickness
(meters)

Clay, silty; plastic; intercalated with layers of fine-grained,
micaceous sand (up to 9cm thick); piece of wood re-
moved for dating thisinterval at0.11m..................... 0.31

Clay, very-dark-gray (5Y 3/1), silty; plastic; intercalated with
fine-grained micaceous fine sand; well-preserved oyster
shell 7.5cm this interval at 0.35m .....cooeeveemevennenenne. 0.75

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous; abun-
dant shell fragments; in this interval: Ensis at 0.05m;
well-preserved Ensis, oyster shells, clam shells at 0.28m;
fewer shell fragments at bottom of core ................. 0.67

CORE H15 — One-foot length of core, not processed.

CORE B01

Sand, olive-gray (5Y 5/2), fine- to very-fine-grained; mas-
sive; locally very micaceous; vertical stringer of very-
dark- gray (2.5Y 3/0) sand at 0.46-0.85m; color changes
to gray (5Y 5/1) and then to very-dark-gray (2.5Y 3/0);
well-preserved clam shell 1cm at 2.33m; few shell
fragments about Imm from 2.33m and down ......... 2.69

CORE B02

Sand, olive-gray (5Y 5/2), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments about 1mm;
color changes throughout as follows: very-dark-gray
(5Y 3/1) at 0.51m; olive-gray (5Y 5/2) at 1.37m; dark-
gray (SY 4/1) at 1.62m .......oeeeeeerveerneseeeeencveanene 2.68

CORE B03

Sand, olive-gray (5Y 5/2), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments, well-pre-
served articulated Ensis 2cm,; color changes throughout
as follows: very-dark-gray (5Y 3/1) at 0.55m; olive-gray
(5Y 5/2) then very-dark-gray (5Y 3/1); 1.5cm long piece
of wood at 1.83m; gastropod 0.7cm long at 2.20m...2.44

Sand, very-dark-gray (2.5Y 3/0), fine- to very-fine-grained;
micaceous; massive; scattered shell fragments ....... 1.13

CORE BM

Sand, olive-gray (5Y 5/2), fine- to very-fine-grained; mi-
caceous; massive; scattered shell fragments up to 2cm
long, Ensis, clam; clayey silt pod at 0.88-0.94m; color
changes to dark gray (5Y 4/1) at 1.00m .................. 1.89
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Thickness
(meters)
CORE B05S

Sand, very-dark-gray (2.5Y 3/0), fine- to very-fine-grained;
micaceous; massive; sparse shell fragments of 1- 2mm
................................................................................. 2.00

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; massive; sparse shell fragments of 1-2mm

................................................................................. 1.07
CORE V1
Sand, fine-grained; with clay pods.......ccccoveeirinnereeriieenns 0.49
Sand, medium-grained; with clay pods........ccceevevrnnvened 0.83
Sand, coarse-grained........ccecveerercrierereirisnsesninssenesnsenns 0.17

Sand, coarse-grained; coarsening toward bottom .............1.51

Sand, coarse-grained; and gravel; iron oxide stain............ 1.52

Sand, medium- and fine-grained.........cccceeveneiennninedd 048

Sand, coarse-grained; and gravel........ccoomerienieneniicrenns 0.40

Sand, medium-grained; heavy iron-oxide staining this inter-
val at 0.06-0.14m ....cveceeeeeerivnriiniiiincrinenticinninaed 0.60

CORE V2

Sand, fine-grained; small amount of mud .........cccccccvene.e. 1.18

Sand, medium-grained; shell fragment 3-4cm this interval at

0.21M ..cecerreecrnireccneennesasssssiestsseesarensssns e sensnd 0.25
Sand, fine- to medium-grained; laminations of silt and cllz;);
MU IAYET....cccvit et e es s s 0.03
Sand, fine-grained.........cccomerenriciiniiiinnnrenseneind 0.17
Mud, compact; with rock fragments (5cm) ......cccecveneen 0.16
Mud, compact; with scattered shells ........oiveiienercrerrenen 0.31
Shell layer with Mud.......c.ccveeeveermrmnnrerernessinnncieaeens 0.06
Sand, mixed; plastic MUd........ccoorivvnnniirinrerrnnereneernansd 0.58

CORE V3

Sand, olive-gray (5y 4/2), coarse- to medium-grained; rare
shell fragments up to 1.5CMm ......ceneeeriernirenrenenennd 0.39

Thickness
(meters)

Sand, dark-olive-gray (5Y 3/2), fine-grained; silty; massive;
some mud balls near bottom; rare gravel; grading
INLO DEIOW evverrenrerererreansnecrreniessssesnsssssnsssessessessasses 0.91

Sand, dark-olive-gray (5Y 3/2), medium- to coarse-grained,
rare shell fragments (oyster shells to Scm); some
MU NEAr DOMOM ..cuvevverrreceerreneesnsesseessesaessnsssessosases 0.60

Clay, greenish-gray (SGY 5/1), plastic; interrupted by layers
of coarse sand 2cm thick this interval at 0.32-0.70m;
SOME 0N SLANING ..cevevrerevrriniricnrtnssesreerssassasesnsons 0.90

Sand, greenish-gray (SGY 5/1), coarse-grained; and mud

................................................................................. 0.24
Sand, olive-gray (SY 5/2), coarse-grained........ccoveineernens 0.20
Clay, greenish-gray (SGY 5/1), Plastic .......coouniecucnninsd 0.13
Sand, light-olive-brown (2.6Y 5/6), coarse-grained; and gravel

massive; iron stained (in Part)........co.veveeeeeseseeseenseeses 0.85
Clay, olive-gray (5Y 4/2), PlastiC........oserveenrescrsecnsecanns 0.13
CORE V4

Sand, fine- to medium-grained; rare shell fragment;
whole SKate Or Tay €€E CASE ..ovcvivririrreseressnsensessnseses 0.40

Sand, fine-grained; interbedded with medium- to coarse-
grained sand and large clay pods; 2.5cm clam shell and

other shell fragments ..........ccovveeecrererernvermeresssiesanne 0.50
Sand, fine-grained; bottom 10cm includes some coarse-grained
SANA ooveeeriernreeeree st senest s ssns s s sn s s sn s sanassnd 0.35
Sand, medium- to fine-grained; small clay pods; grading into
DEIOW «eerreeenerereeseeestenesessesessassessessssesassnsasassnssnsnsssses 0.09
Sand, coarse-grained .......covcveerererirereiesisasessssssniecesias 0.29
Sand, medium- to coarse-grained; and gravel ................. 0.22
Sand, medium-grained.........eoccveeeiiinrnnieennsessseenssnsenens 0.09
Sand, medium-grained; occasional pebbles up to 2cm; be-
coming coarser and more PebbIY .....eceeveeecesanane 0.53
Sand, medium-grained.........ceceerermrneereeseseniesssienicciens 0.18
Sand, medium-grained; grading to coarse-grained sand, and
gravel; clay POdS .....ciineinnnsenenseninen e 0.39
Sand, coarse grained .....c...coveviverirernsrensnnnesesessesssnnrnes 0.12
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Thickness
(meters)

Sand, fine- to medium-grained; with clast of pebbles and
medium-grained sand; grading into medium- to coarse-

grained sand with pebblesup to Icm ...................... 0.59
Sand, fine-grained .......c..c.ovveeveneiivvcerenecrenese e s 0.09
Mud layer; pebbly fine sand below..........c.oveveveereeeennnn 0.06
Sand, fine-grained ...........oouevueveeveceeenenneesereeeee s cers e, 0.43
Mud, PIASHC ...t e 0.03
Sand, medium-grained.............o.oeeeeeeeeeeeeeeersrerernnn 0.22
Sand, medium- to coarse-grained .............o.o.ovevevernnnnn. 0.53
Sand, fine-grained; silt; wood fragment........................... 0..07
Sand, fine-grained..........co.euecveeeiveresinee e ees e, 0.52

Sand, fine-grained; mixed with gravel up to4cm thick .....0.07

Gravel, well-rounded; in sand-silt matrix; gravel up to 2cm
THICK. .ottt 0.24

CORE V5

Sand, gray (5Y 5/1), fine-grained; silty; massive; rare
shell fragments; dry ..........cveverveeeecevnieeeeeeeeeeseann, 1.08

Sand, olive-gray (5Y 4/2), medium- to coarse-grained; rare
shell fragments; some clay balls 1cm; grading into
DEIOW ..ottt ettt e se s 0.73

Sand, olive-gray ((5Y 4/2) medium-grained; massive; rare
shell fragments and clay balls; grading into below
................................................................................. 1.55

Sand, olive-gray (5Y 4/2), fine-grained; massive; grading into
DELOW oottt s sseesesasns 1.10

Sand, light-olive-brown (2.5Y 5/4), medium- to coarse-
grained; rare gravel ............eeeeeeeeuneenceeeeeeesseseenns 1.28

The following 50 cores were acquired during the summer
of 1988. For this project, deep penetration was attempted at
16 sites. When vibracoring refused to penetrate the offshore
sediments, the core was removed and labeled “RUN-17. The
vibracorer was placed again on the sea floor and water was
pumped through the empty core liner, thus “jetting” down to
about the same depth where refusal was previously encoun-
tered. Vibracoring began again at this new depth below the
sea floor; this core section was labeled “RUN-2”, This pro-
cedure was repeated to attain a total penetration of up to 20
feet.

Thickness
(meters)
CORE C1

Sand, olive-gray (5Y 5/2), medium- to coarse-grained; shell
fragments (up to 3cm, bivalves); coarse-grained sand
abundant in this interval at 0.40-0.75m; color grading
AOWNWATAS .....cccovrmermrecerriererrrerriersrete e seresse e 0.85

Sand, medium- to coarse-grained; scattered shell fragments (a
L0 11711 USSR 0.35

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous; scat-
tered shell fragments (a few mm) .......................... 0.34

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; shell fragments (up to 2cm); 6cm clam frag-
ment thisinterval at 0.26m ............c..coovvvvvererevonend 0.31

Silt, sandy, very-fine-grained; scattered shell fragments ..0.05

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
scattered shell fragments; silty laminae; micaceous
................................................................................. 0.30

Sand, olive-gray (5Y 5/2), fine-grained; micaceous; shell
fragments rare(a few mm); scattered silty lamina .....0.84

Sand, gray (5Y 6/1) dry; fine-grained; micaceous; very few
Shell fragment .....ccceveriverererenrereceei e e reseseead 091

Sand, dark-gray (5Y 4/1), medium- to fine-grained; scattered
shell fragments (up to 1cm); scattered mud pods; grading
INLO DEIOW ..ottt et 0.50

Sand, gray (5Y 5/1), fine-grained; micaceous; scattered shell
fragments; grading into sand, medium to fine grained
................................................................... rererenrenen0.25

Sand, dark-greenish-gray (SGY 4/1) fine- to very-fine-grained:;
silty; micaceous; abundant pods of clayey silt; scattered
shell fragments (a few Mm) ........cccooevveeevviereeriveanne 145

CORE C2
Sand, very-dark-gray (2.5Y 3/0), fine-grained; micaceous;
H,S smell;abundant mud pods; shell fragments at top up

to S5cm; shell fragments at the bottom ..................... 0.37

Sand, dark-gray (5Y 4/1), coarse-grained; quartzose; shelly
................................................................................. 0.10

Sand, dark-gray (5Y 4/1), fine grained; micaceous; mud pods;
Shell fragments ........coeeeveeneeeeecie e eeeeeeeeeaed 0.78

Silt, dark-gray (5Y 4/1), clayey; with sand pods, fine-grained;
few shell fragments ......ccc.ccveeecceeereennneceieniceeennd 0.20

Silt, dark-gray (5Y 4/1), clayey; with sand pods, fine-grained
................................................................................. 0.30
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Thickness
(meters)

Silt, dark-gray (5Y 4/1), clayey; with scattered pods; gastro-
pod in this interval at 0.75m ........oociveevenniencrracacnns 1.22

Sand, very-dark-gray (5Y 3/1), fine-grained; and clayey silt;
interlayered - layers about 1cm; micaceous ........... 093

Sand, very-dark-gray (5Y 3/1), medium-grained; shelly; mud
pods of silty clay and clayey silt 1cm thick ............ 0.50

Sand, very-dark-gray (5Y 3/1), medium-grained; shelly ..0.05

Sand, dark-gray (5Y 4/1), medium-grained; shelly; pods of

SHEY ClAY c.veverererineceeesicestsinniest s sstesastssonesens 045
Sand and clayey silt, shelly, interlayered..........ccoennenensad 0.10
- Sand, medium-grained; shelly..........cccoonsnnernsesescieensens 0.20
Sand, shelly, and clayey silt; interlayered....................... 0.30
Sand, medium-grained; very shelly .........coreeeciniennna 0.10
CORE C3 RUN-1, RUN-2
Run-1
e T o 010

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained,;
INICACEOUS ...eoveurereererssersesseracescemsacsecssesnissssrasssssesons 0.45

Sand, fine- to very-fine-grained; and silty clay; interlayered,
(1-4cm); micaceous; slightly shelly thisintervalat 0.55m
Clay, SIILY .occirreeeiereeere et ssnsesnssesassnssanes 0.12

Sand, fine- to very-fine-grained; micaceous; some shell hash;
gastropod this interval at 0.09m .........cceceverniiiiennnnsd 0.19

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; some mud; scattered shell fragments ....... 0.36

Sand, fine- to very-fine-grained; clay and silt; interlayered
................................................................................. 0.12

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; shell
fTAZIMENLS ....cueoerrereeeeeeeeerere e ceetesestesronsmasnsssansans 0.81

Run-2  penetration-6.03m, recovery-3.05m
Silt, black (2.5Y 2/0); clayey; (fluid mud) .....ccoevvreneend 0.10

Sand, fine-grained; micaceous; scattered shell fragments
................................................................................. 0.25

Thickness
(meters)

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous scattered shell fragments; interlayered with
silty clay; 1cm shell layer in this interval at 0.92m

................................................................................. 0.95
SHlE, CLAYEY cvuvvevrecssssencesiserensnsssssrssssssssssssstsssesssssassssssnsenes 0.15
Sand, fine-grained; micaceous; scattered shell fragments

................................................................................. 0.10
Sand, fine-grained; clayey silt; interlayered; micaceous;

scattered shell fragments.......cocoveveereesienreeeesesessseneens 0.23
Shell fragments, 10Cm I0Ng ....oovvrreicsrrenrisinnciiiannes 0.04
Sand, dark-gray (5Y 4/1), fine-grained; micaceous; very few

mud pods; shell hash ... 0.48
Sand, fine- to very-fine-grained; micaceous; interlayered

with silty clay and clayey silt; slightly mottled ......1.14
CORE C4
Sand, very-dark-gray (5Y 3/1), medium- to fine-grained; mi-

caceous; shelly; shell fragments ......ccocoeeeeveinierecnene 0.60
Sand, medium- to fine-grained; shelly; interlayered with silty

clay; pieces of wood this interval at 0.28m ............... 0.35
Clay, silty; with sand laminations (shelly and medium-grained

sand, 1cm thiCK) weeveeeevercniiiinecinremnrsnsne e 0.61
Clay, SILY oveeeeeecerecieiiitieen et st 0.32

Sand, fine- to medium-grained; micaceous; few shell frag-
ments; grading to medium-grained sand ................. 0.32

Sand, medium-grained; micaceous; piece of wood 6¢cm long

thisinterval aL0.77M ... vevceririnccriceeneinssieresnnrssssessens 1.14
Sand, fine-grained; micaceous; few shell fragments ........ 0.28
CORE C5

Shellsand shell hash, quartzose sand, fine-grained; (bivalves)
................................................................................. 0.42

Sand, fine-grained; micaceous; with laminations of shell hash
and clayey silt (less than 1cm thickness); scattered shell
RASH oevveveeeeeceeeeiseessesessrersessessssnssstesessesansssssssnsennssens 0.78

Sand, very-dark-gray (5Y 3/1), very-fine-grained; muddy;
grading into very-fine-grainrd sandy mud................... 0.31
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Thickness Thickness
(meters) (meters)

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous; with podsof very-fine-grained sandy
Clayey Sill ..u.eceeeeeeeeeeeeeeeeeee e e rens 1.55

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous; with pods of very-fine-grained sandy,
clayey silt; some scattered shell hash; shelly layer this

interval at 0.34-0.39M ........oucveiurvreeee e 1.55
Sand, fine- to very-fine-grained; muddy; shelly ............ 0.39
Sand, fine- to very-fine-grained; muddy; micaceous; with

pods of fine-grained sandy clayey silt .................... 0.95
Sand, fine- to very-fine-grained; micaceous; small amount of

SIE coortctt et 0.15
CORE C6
Sand, fine-grained; micaceous; scattered shell fragments

................................................................................. 0.10
Sand, fine-grained; muddy; shelly............c.coverrrerreerrnnnn. 0.10

Sand, fine-grained; micaceous; scattered shell fragments
................................................................................. 0.10

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
pods of silty clay up to 15cm thick; scattered shell
fragments, 1cm thick shell layer in this interval at 0.03m
................................................................................. 125

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
alternating layers with scattered shell fragments and silty
clay; lamination thickness ranges from less than lcm to
10CM; MICACEOUS ...cervenrrrrrereeercreesese e ses s 1.54

Clay, very-dark-gray (2.5Y 3/0); silty; some very-fine-grained
SANA; MASSIVE w.vececneeircrerrrrerereresesesesenteeeseessesesersasd 047

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; shell fragments (including gastropod, Ensis, up
to 2cm almost a shell hash; siltand clay layer this interval

A0 0.14-0.20M ..ecoiriririrrerereectctec e seeeeesessensnenad 0.28
Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-

CACEOUS; MASSIVE w.veerrveiieirisetenrereeeseeseessossssessones 1.01
CORE C7

Sand, black (2.5Y 2/0), fine- to very-fine-grained; massive;
small mud pods; abundant small shell fragments (a few
mm); sandy shell layer (Ensis, oyster shell, to 4cm) this
interval at 0.25-0.34M .....cucurrreeeereeneneeeer e 0.34

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; scattered shell fragments (afewmm)........... 0.51

Shelllayer, bivalves (1cm)and fragments up to 3cm ....... 0.04

Sand, dark gray (5Y 4/1), fine- to very-fine-grained; scattered
shell fragments; increase inmud contentat bottom (slightly
MUAAY SANAY oot ses 0.65

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; shell
fragments (bivalve, t04Cm) ......ocvcvreeeeeerereeneeseeneeenns 0.26

Sand, medium- to coarse-grained; quartzose; abundant shell
fragments (up to 10cm clam shell, also gastropods)...0.25

Sand, olive-gray (5Y 5/2), medium- to coarse-grained; shell
fragmentsrare (afewmm).........oovueeveveerereeeereenene, 0.26

Clay, dark-gray (5Y 4/1), silty; plastic..........cecvvererecennened 0.11
Mud, medium-grained, sandy; shell fragmentsrare ......... 0.20

Sand, gray (5Y 5/1), medium- to coarse-grained; shell hash;
and fragments up t0 3Cm .....c.covveveeevernvrrererererenennen. 043

Clay, very-dark-gray (S5Y 3/1), silty; with shelly medium sand
pods or lenses (up to 3cm thick); plastic mud.............. 0.68

CORE C8 RUN-1, RUN-2, RUN-3

Run-1

Sand, olive-gray (5Y 4/2), fine- to medium-grained; abundant
shell fragments (1cm bivalves and smaller fragments);
grades into bElow ........c.cocccvvvninieneneererevenssnssesnnens 0.26

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous; scat-
tered shell fragments ............covevevveviireeecreseesieeennas 0.36

Shell hash, (1cm bivalve and fragments to 4cm); with sand,
COArSE-GIAUNEA .....ccoeeentrrerrmrerermrrsrssseaenensesesseseseronsd 0.10

Sand, olive (5Y 4/4), fine-grained; some fine parallel }amina-
tions; scattered shell fragments; micaceous ............ 0.32

Run-2 jetted-2.07m, penetration-3.08m; recovery-1.46m

Sample 8-2 continues into core 8 Run-2

Sand, olive (5Y 4/4), fine-grained; some parallel laminations;
micaceous; scattered shell fragments, (1cm bivalves and
smaller fragments) ........coceceveerveeceeeeeersriceeeeeseeresenns 145

Run-3 jetted-3.05m; penetration-6.04m; recovery-2.90m
Clay, olive-gray (5Y 4/2), plastic; with lenses of fine-grained
sand; up to 2cm thick ...covvvvvevrcee e 0.42

Sand, dark-gray (5Y 4/1), fine-grained; abundant shell in top
half of layer (1cm bivalves and smaller fragments); mi-
CACEOUS ..ovreretinrinreisiesesstresieseesnsarasssssnassseeneesserens 0.25
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Thickness
(meters)

Mud, dark-gray (5Y 4/1), plastic; sandy; shell fragments
................................................................................. 0.13

Sand, olive-gray (5Y 4/2), fine-grained; micaceous; scattered
shell fragments; and mud lenses this interval at 0.00-
0.03m and 0.05-0.07m .....cccevvirinnienirnrnnnnieseennad 0.73

Sand, olive-gray (5Y 4/2), fine-grained; micaceous; scattered
shell fragments.......cceeeesurrmnsninsinenecsnsessetesnsesssone 0.65

Mud and fine-grained sand pods; gradual color change...0.15

Sand, very-dark-gray (5Y 3/1), fine-grained; with mud lenses
to 2cm thick; micaceous; scattered shell fragments

Shell hash, mostly bivalves of <lcm .....ceeeeeieieirineneene 0.07

CORE C9

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous; shell
fragments; (mostly 1mm, also one Ensis 6cm long, gas-
tropod of 2cm); layer of silty clay and shell (10cm thick)
this interval at 0.52-0.62m; a few lenses of muddy sand
(10M thICK) ...vveeeeecreernerieereesenssnesesssaesasssissessnesnesnes 1.55

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous;
widely scattered shell fragments (1mm) ................. 0.72

Sand, very-dark-gray (5Y 3/1), fine-grained; silty; micaceous;
pods of clayey silt and very-fine-grained sandy silt; few
scattered shell fragments (Imm) ....occoeveinvinrieerennad 0.80

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
muddy; micaceous; abundant shell fragments (1 to sev-
eral mm); pods of clayey silt and very-fine-grained sandy
silt; in this interval shell fragment 3cm at 0.88m; piece
of wood (saved for dating) at 1.05m .......ccccceuvumnneen. 1.73

CORE C10 RUN-1, RUN-2, RUN-3

Run-1

Sand, very-dark-gray (5Y 3/1), fine-grained; shelly; mi-
caceous; (shells to 1cm, bivalve) .....oeeeeeeecrnneinnansnd 0.09

Sand, fine-grained, micaceous; interlayered with plastic silty
clay and micaceous shelly fine-grained sand; layers of <1
to 10cm thick; concentration of shells (a few mm) this
interval at 0.34-0.46M .........cccovinninrennnncsnsnesnenennsd 0.62

Clay, very-dark-gray (5Y 3/1); silty; plastic ................... 0.46

Sand, fine- to very-fine-grained; muddy; micaceous ....0.04

Shell hash, very-dark-gray (5Y 3/1), fragments up to 6cm
oyster shell and many 1cm whole bivalves ............ 0.19

Thickness
(meters)

Clay, silty; shell hash; 7cm oyster shell ......c.ocuvenneviennee. 0.06

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; with pods of silty clay (scattered, less than or
equal to 1cm thickness) and scattered concentrations of
shell fragments (a few mm) shelly layer this interval at
1.45-1.47m (<1cm whole bivalves) ....ccevececennn 1.59

Run-2 jetted-2.68m, penetration-4.97m, recovery-1.46m

Sand, fine-grained; micaceous; few pods of silty clay (<lcm
thick) scattered shell fragments (1mm) concentration of
shell this interval at 0.54m (1cm bivalves) ........... 1.39

Run-3 jetted-3.72m, penetration-6.04m, recovery-1.52m

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; scattered shell fragment (1cm bivalve); pods
of silty clay (1-3CM) wociiireeeernressssnsesisiseensasnanns 1.16

Shell hash (<1cm fragments and whole bivalves) ......... 0.05
Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;

micaceous; scattered shell fragment (1cm bivalve); pods
of silty clay (1-3Cm) ...c.coverrrecerersmaercnmssssisiscsisnnns 0.22

CORE C11 RUN-1, RUN-2

Run-1
Sand, dark-gray (5Y 4/1), medium- to coarse-grained; shelly,
(fragments t0 SCM).ucuiunuiviesurnssenenmssssssnsnssssensussssnsas 0.75

Shell hash, dark-gray (5Y 4/1); sandy, medium- to coarse-
grained (fragments up t0 5CM) wcceueeemrinirsinncuensd 0.20

Sand, dark-gray (5Y 4/1), medium-grained; scattered shell
210411153 11 . SO OR VRO OUO VOO, 0.23

Sand, olive-gray (5Y 5/2), medium-grained; scattered shell
fragments (<1cm); shell layer thisinterval at0.54-0.57m;
layer of shelly muddy sand, very-dark-gray (5Y 3/1) this
interval at 0.93-0.97m .......ccccovmmnieerninnienernnennnnes 1.14

Run-2 jetted-3.51m, penetration-6.04m, recovery-3.20m
Clay, very-dark-gray (5Y 3/1); silty; top 1-2cm (whole and
fragments of oyster shell up to 4cm long) .............. 092

Sand, very-dark- gray (5Y 3/1), very-fine-grained; silty; clayey;
few scattered shell fragments........cveveeeeecreniersenneennesd 0.67

Sand, very-dark-gray (5Y 3/1), very-fine-grained; clayey;
silty; few pods of silty clay (2cm thick); mud content
increases toward DOttom ........cooeververneensuiieninenaenne 1.57
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Thickness
(meters)
CORE C12 RUN-1, RUN-2

Run-1

Sand, very-dark-gray (2.5Y 3/0), fine- to very-fine-grained;
micaceous; few scattered shell fragments; concentration
of shell and shell fragments this interval at 0.30-0.35m
(1CT 1ODZ) wveeerereereenreeee vt e s eseesssessesssssssnsases 1.55

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; scattered shell fragments; layer of fine,
sandy shell hash fragments up to Scm; whole gastropods
this interval at 0.45-0.47m «......cvucouvereveneernennn 047

Sand, very-fine-grained; clayey; silty..........ccvevuene.n.. 0.08

Clay, very-dark-gray (5Y 3/1); silty; highly plastic; with 2cm
thick fine-grained sand lamination ......................... 0.15

Sand, very-dark-gray (5Y 3/1), very-fine; micaceous....0.72

Run-2  jetied-2.62m, penetration-4.82m, recovery-2.44m
NOTE: Top of core totally disrupted

Sand, dark-gray (5Y4/1), fine-grained; micaceous ....... 0.10
Clay, dark-gray (5Y 4/1); silty; plastiC........veveevsevennenn. 0.15
Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
CACLOUS «eonirerirnreirisiriresctsoreeseesrecesasaesaerssnereseossossnenes 0.53
Clay, Silty (JAYET) ..coveveorrrirreieeerceecece e ereseesesns e 0.03

Sand, dark-gray (SY 4/1), fine- to very-fine-grained; mi-
CACEOUS ..verernrreriisreniteromsaiecernsarasasessressssnssssesescnsasas 0.45

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; shell
fragments up 10 5CM.....covvurrrrvnrcrerereeeeeeeeeennn 0.34

Sand, shelly; with bivalves and gastropods ................... 0.09
Sand, dark-gray (5Y 4/1), fine-grained; micaceous; fine-

grained sand with shell fragments this interval at 0.49-
0.54M .ottt sas e s tssnes s ras 0.80

CORE C13 RUN-1, RUN-2, RUN-3

Run-1
Sand, dark-gray (S5Y 4/1), medium- to fine-grained; scattered
shell fragments up 10 5¢m .....veveevecveceeeeneeerersrserea: 0.60

Shell layer with medium-grained sand; shell fragments up to
SCMIONE oottt eeeese e er s e 0.27

Sand, fine-grained; micaceous; shell fragments up to Scm
LOMG et et 0.15

Sand, fine-grained; shelly; shell fragments up to 2cm mostly
bivalves and gastropods ..........c.eecueieieereecneererseserns 0.21

Thickness
(meters)

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; silty clay
layer this interval at 0.33-0.36m ................couuvuu.e. 1.00

Run-2 jetted-2.29m, penetration-5.00m, recovery 1.98m

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; fine, silty clay laminations this interval at 1.16-
LIOM o ctcnrm e st s enenas 1.92

Run-3 jetted-4.21m; penetration-6.04m; 1.74m
Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
CACEOUS .eoureriririerissistsrrstesensesaessessssesassesnssasasensersoseres 1.71

CORE C14 RUN-1, RUN-2, RUN-3

Run-1
Sand, fine-grained; micaceous; shell fragments (to 1cm)..0.13

Sand, coarse-grained; shell fragments (gastropods to 2cm,
CIC.) srretemrterneusernsssaseesesessaessrnsossesasaosansonsasessonsossnsanas 0.03

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; shell frag-
ments rare; color change to olive-gray (5Y 4/2) this inter-
VAL AL 0.79M v e 091

Sand, fine-grained; micaceous; abundant shell fragments
................................................................................. 0.06

Shell hash with matrix of micaceous, fine-grained sand, (bi-
VAIVES 1-2CM) vt sne e e 0.04

Sand, fine-grained; micaceous; shell fragments rare; shell
fragments becoming more abundant toward bottom
................................................................................. 0.24

Clay, olive-gray (5Y 4/2); Silty.....uveeveveeevreercccenerenessensns 0.02

Clay, olive-gray (SY 4/2); silty; layers of fine-grained sand
(1-2cm thick); sand layer this interval at 0.07-0.10m

................................................................................. 0.32
Sand, dark-grayish-brown (2.5Y 4/2), fine-grained; micaceous
................................................................................. 0.19
Clay, silty; sand laminations (up to 1cm thick) ............... 0.09
Sand, olive (5Y 4/3), fine- to very-fine-grained; micaceous;
N0 shell fragments ......co..cocoeeevveerneenincessreririneesnennd 0.48
Clay, silty; with fine-grained sand laminations (up to 1cm)
................................................................................. 0.17
Sand, fine- to very-fine-grained; micaceous ................. 0.06

Run-2 jetted-2.41m, penetration-4.18m, recovery-2.20m
Sand, dark-gray (5Y 4/1), fine-grained; micaceous........ 0.15

Shell layer (fragments of up to a few mm) ..o 0.01
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Thickness

(meters)
Clay, SiltY ..ccovverreerirenincinicnenesmn sttt e sreseens 0.04
Sand, fine-grained; MICACEOUS ....ccoverrrrureruraesaisesvisainaanns 0.05

Clay, silty; pockets of micaceous fine-grained sand ........ 0.25

Sand, dark-grayish-brown (2.5Y 4/2), fine-grained; micaceous;
silty clay laminations this interval at 0.20-0.25m;
shell fragments (1mm or less) and silty clay laminations
at 1.10-1.2; mud ball at 1.41-1.44m .....cceeevvvrvvununne 1.70

Run-3 jetted-4.42m, penetration-6.04m, recovery-1.83m
Sand, fine-grained; micaceous; shell fragments rare; sedi-
ments disturbed by waterin core liner ..................... 0.33

Clay, gray (5Y 5/1), silty; sand laminations (up to 1cm thick)
................................................................................. 0.21

Sand, olive-gray (5Y 4/2), fine-grained; shell fragments rare
this interval at 0.96-1.01m......ccoevcecervccnnirecnecnnne 1.31

Core C15 RUN-1,RUN-2

Run-1

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; top 12cm has scattered shell fragments (up to
LOIM) oot e certrnrerre s resressasesresmeesesaessssnessessnnes 0.80

Clay, silty; with fine-grained sand laminations (0.5 cm thick)
................................................................................. 0.20

Sand, dark- gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; colorchanges toolive gray (5Y 4/2) thisinterval
AL0.30M . 0.88

Run-2 jetted-1.83m, penetration-6.04m, recovery-2.14m

Sand, olive-gray (5Y 4/2), fine-grained; micaceous; (noshell);
silty clay laminations this interval at 1.01-1.03m and
1.33-1.36m; color changes to olive brown (2.5Y 4/4) this
interval at 1.00Mm .......cocovciciiviiiininninnnsnsnscneseanenas 2.10

CORE C16 RUN-1, RUN-2

Run-1

Sand, very-dark-gray (2.5Y 3/0), fine-grained; micaceous;
rare shell fragments (abundant only from 0.15-0.20m);
color changes to dark gray (5Y 4/1) this interval at 0.94m
EXCEPT for silty clay lamination this interval at 1.21-
1.22m with color of very dark gray (2.5Y 3/0) ......... 1.69

Run-2 jetted-1.98m, penetration-3.36m, recovery-0.92m

Sand, dark-gray (2.5Y 4/0), fine- to very-fine-grained; mi-
caceous; few scattered shell fragments (1mm); silty clay
laminations this interval at 0.22-0.23m and 0.30-0.33m;
color changes to dark-grayish-brown (2.5Y 4/2) this
interval at 0.30Mm .ovveeecerecercecr e 0.96

Thickness
. (meters)
CORE C17 RUN-1, RUN-2, RUN-3, RUN-4

Run-1

Sand, dark-gray (2.5Y 4/0), fine- to very-fine-grained; mi-
caceous; shell fragments (1mm) rare; silty clay lamina-
tion this interval at 1.28m .......cccovmveninvueenvenrernennes 1.64

Dark gray (2.5Y 4/0); silty clay and micaceous fine-grained
sand, alternating layers; (layers up to 7cm thick); scat-
tered shell fragments in sand; color changes to dark-gray
(5Y 4/1) thisinterval at 0.19m .....comoeecenrriirennees 0.36

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; scatiered
shell fragments Imm (mostly below .35); silty clay lami-
nations with shell fragments (a few mm) this interval at
0.72-0.73m and 0.75-0.76M ......cccoeevvvrmmrmreermraeresans 0.85

Run-2 jetted-2.29m, penetration-3.66m, recovery-0.76m

Clay, dark-gray (2.5Y 4/0), silty; laminations of micaceous,
silty, fine-grained sand; (up to 3cm thick); widely scat-
tered shell fragments a few mm; color changes to very-
dark-gray (5Y 3/1)inthisintervalat0.10m.............. 0.36

Sand, fine-grained; micaceous; (no shells); layer of abundant
shell fragments (bivalves, a few mm) this interval at 0.34-
0300 cuoeeeivirieriisrenieeeressesessesesssssssnsssassesnssnsassnsnsans 0.53

Run-3  jetted-3.29m, penetration-4.06m, recovery-1.07m
Clay, dark-gray (5Y 4/1), silty; laminations of silty fine-
grained sand (10 1cm thick) ......oveeeneecicsncccnincnns 0.21

Sand, very-dark-gray (5Y 3/1), fine-grained; micaceous
................................................................................. 0.23

Clay, silty; fine-grained sand lamination this interval at 0.04-
0.0510 ...oerrrerenrrersnsrseesnesecseneseesssssrssessasssnsasssassans 0.20

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; few scat-
tered shell fragments (aboutamm) .......ceevernsescrennad 0.36

Run-4 jetted-4.03m, penetration-6.04m, recovery-1.52m

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; scattered shell fragments (to 1cm); in this
interval: silty clay layer at 0.45-0.50m; widely scattered
shells between 0.42-0.90m (1mm); silty clay layer with
shell fragments at 0.91-0.96m; abundant shell fragments
(bivalves, a few mm) silty sand at 1.04-1.06m; abundant
shell fragments silty clay with sand at 1.28-1.32m

CORE C18 RUN-1, RUN-2

Run-1

Sand, dark- gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; abundant to widely scattered shell fragments
(<1mm-1.5cm); shell fragments up to4cm this interval at
2.00-2.00M c.vvvrrirreerennrrecscsenssrsss e srssesneasessssnanes 2.09




84 VIRGINIA DIVISION OF MINERAL RESOURCES

Thickness
(meters)

Run-2 jetted-1.98m, penetration-2.59m, recovery-0.55m

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; scat-
tered shell fragments (mostly 1-2mm, also a bivalve of
20IM) corvieirirrnerestrneeesstesesseseseasseseresessssesssesssnensasanns

CORE C19 RUN-1, RUN-2, RUN-3

Run-1

Sand, dark-gray (2.5Y 4/0), fine- to very-fine-grained; lightly
scattered shell fragments, 1-2mm; grades into silty fine-
grained Sand ............cveeeeeeceereererieeereeere e senes 1.80

Sand, fine- to coarse- grained; silty; and gravel; micaceous;
shell fragments up 0 3CM ....uvveeneeceeeceeee e 0.10

Run-2 jetted-1.83m, penctration-4.88m, recovery-1.62m

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; scattered shell fragments up to 6¢m; shell frag-
ments up to 1cm common this interval at 0.98-1.09m
................................................................................. 1.09

Sand, light-gray (5Y 6/1), medium- with some fine-grained;
shell fragments up to 6¢cm (bivalve); this interval at 0.00-
0.06m; pod of fine- to medium-grained sand, slightly
silty this interval at 0.39-0.43m ......ccccoovvveevrcennn.n. 0.46

Run-3  jetted-3.38m, penetration-5.89m, recovery-2.10m

Sand, medium- with fine-grained; widely scattered gravel and
shell fragments; gravel up to Scm; shell fragments up to
4cm; scattered pods of mud (1cm size); cobble this
Interval at 1.85m .....ovceeeceveeririeeereeeeeece e eeenenas 1.70

Sand, fine-grained; pod of silty fine sand this interval at 0.03-
0.07MM .ttt 0.38

CORE C20 RUN-1,RUN-2

Run-1
Sand, dark-olive-gray (5Y 3/2), coarse- with some fine-
grained; scattered shell fragments up to 3cm............ 0.27

Cobble; sandy siltstone, in fine- to medium-grained sand;
rounded gravel; shell fragments ..........coueuererennn...... 0.18

Sand, dark-gray (5Y 4/1), fine-grained; shelly; pods of silty
sand and gravelly shell hash, shell up to 1-2mm........ 0.37

Shell fragments in silty clay matrix with fine- to medium-
grained sand and gravel; shell fragments up to 3cm
................................................................................. 0.10

Clay, silty; lenses of fine- to medium-grained sand; also
gravel; lenses less than 1cm thick; some mica........ 0.30

Thickness
(meters)

Clay, dark-gray (5Y 4/1), slightly silty; lenses of medium- to
fine-grained sand; micaceous; lenses <lcm; thin parting
of clayey silt <lmm, black this interval at 0.43m and
O.72M o sesne e e s s et one 127

Sand, fine-grained; micaceous; with silty clay layers up to
Sem thick e 0.09

Run-2 penetration-6.04m; recovery-5.09m

Sand, dark-grayish-brown (2.5Y 4/2), coarse- to medium-
grained; shell fragments (up to 6cm) and rounded gravel
(up to 2cm) increasing in abundance downward .......0.50

Cobble, showing alternating layers of sandstone and siltstone;
pebbles and shells common ......ceceveueveererecreeeeninend 0.06

Sand, dark-gray (5Y 4/1), fine-grained; abundant shell frag-
ments (up to 2mm) and some rounded gravel (<lcm);

shelly layer this layer at 0.83-0.84m ..................... 044
Shell hash, sandy; fragments up to 3cm, some gravel; silty

ClAY POUS .covemirciriiriiiiecnetsrisietsreressstsvesecesesssnannd 0.08
Sand, fine-grained; SOME Silt.........cccovvureeeerernnrerreenennens 0.03

Clay, dark-gray (5Y 4/1), silty; micaceous; fine-grained sand
laminations (up to 1mm); crossbed of silty fine-grained
sand and gravel <3cm thick this interval at 0.26m
................................................................................. 0.39

Clay, dark-gray (5Y 4/1), micaceous and silty, alternating
with beds of micaceous silty fine-grained sand; layering
ranges from <1mm to 1cm for sandy layers and <1mm to
Scm for clayey layers; sporadic pods of silty medium-
and fine-grained sand; sandy layers begin to range in
thickness from <1mm to 8cm; thisintervalat2.1t02.55m
................................................................................. 3.16

CORE C21

Sand, olive-gray (5Y 5/2), coarse-grained; few scattered
ShEll fragmeEnts ... ...cevereeererrrreenerernrrsnesesssessssessesens 040

Sand, olive-gray (5Y 5/2), course-grained; and gravel; abun-
dantbiodetritus, bivalves up to 10cm (quratz shelly sand)

................................................................................. 0.46
Clay, gray (5Y 4/1), silty; plastic; with coarse-sand pockets

this interval between 0.04-0.09m ...............cccovuenee.. 1.34
CORE C22

Sand, olive-gray (5Y 4/2), coarse-grained; lot of shell frag-
MENLS UP tO 6CM IONE) ...evvrerirercee s scerereneed 040
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Thickness
(meters)

Sand, olive-gray (5Y 4/2), coarse- to medium-grained; scat-

tered shell frgaments........cveemmsnevrveniesnisssensesesanns 045
Sand, olive-gray (5Y 4/2), medium-grained; shell fragments
................................................................................. 0.65
Sand, medium-grained..........ccciviivennnnnnnniionenend 0.15
Sand, olive-gray (5Y 4/2), coarse-grained; shell fragments up
170327611 0 (0] (1S 0.06
Sand, medium-grained .........covevirvriirinnenienennenninienns 0.09
Sand, coarse-grained; shell fragments up to4cmlong......0.03
Sand, medium-grained .......ccceceverreiecvnninensinenninenns 0.07

Sand, medium-grained; abundant shell fragments............0.15
Sand, gray (5Y 4/1), medium-grained ..........c.cccvuerernene 040
Sand, medium-grained; abundant shell fragments ........ 0.05

Sand, medium-grained; big oyster shell this interval at 0.30m
................................................................................. 0.40

Sand, medium- to fine-grained; scattered shell fragments
................................................................................. 0.15

Sand, very-dark-gray (5Y 3/1), fine-grained; scattered shell
fragments; small silty clay pod this interval at 0.87m
................................................................................. 1.09

Sand, coarse-grained ............eeeeeeeceerenerenensrnmrarenssersssens 0.04

Sand, very-dark-gray (5Y 3/1), fine- to medium-grained;
small amounts of silt; scattered shell fragments .....0.08

Sand, olive-gray (5Y 4/2), medium- to coarse-grained; gravel
(QUATtZ) UP 10 2CM evirririnrerenririeniesresesresesreessessesens 0.10

Sand, olive-gray (5Y 4/2), medium- to coarse-grained ...0.69
Sand, olive-gray (5Y 4/2), medium- to fine-grained; scattered
shell fragments; scattered gravel (quartz and rock) up to
2CMI ereeeercneereeseeest et st seste st e sbesssas st sransssrsonansanes 0.40
CORE C23

Clay, very-dark-gray (2.5Y 3/0), silty; smelly; small silty
sand pocket this interval at 0.17-0.19m; shelly layer this

interval at 0.96m ... 1.55
Sand, silty; possibly washed i .........ccvvvvirniininennnnsd 0.06
Clay, black (5Y 2.5/1), SiltY.c.covveeeccrinceriirinsiiininsd 0.31

Thickness
(meters)

Sand, dark-gray (2.5Y 4/0), silty; laminations of coarse- to
medium-grained sand up to 2cm thick; very micaceous;
NO Shell fragMEnts ........cocovvevmnieimninsnsseseseesssensenaesss 0.78

Sand, very-fine-grained; MiCaCeOUS .....coeueerereeersesssrsisens 0.36

Sand, dark-gray (5Y 4/1), very-fine-grained; micaceous
................................................................................. 0.70

Sand, coarse-grained .........covosvinienseiessnsessesnesesaseenanae 0.05

Sand, very-fine-grained; micaceous; silty clay this interval

At 0.00-0.02M ...cuvreriniececmemnsnisisssassessresessncacacaensd 0.10
Sand, gray (5Y 5/1), coarse-grained; grading into belov:) s
Sand, medium-grained..........coconnmriirnnrernresersesnenenensnsd 0.16
Sand, dark-gray (5Y 4/1), medium- to coarse-grained......0.59
Sand, coarse-grained; gravel and pebblesupto2cm......... 0.20
Sand, medium- to coarse- Erained .......ceeeereerevesraroreneranead 0.55

Sand, fine- to very-fine-grained; micaceous; shelly layer with
fine-grained sand shell (biodetritus) to 5cm long, this

interval at 0.07-0.15mM .....ccocinnirvniinemnininnieninsccnened 0.21
CORE C24
Sand, dark-gray (5Y 4/1), coarse- tomedium-grained......0.91

Sand, dark-gray (5Y 4/1), coarse-grained; and gravel; scat-
tered shell fragments up t0 8CM ...c.vevevenrerreeeieinnnned 0.30

Sand, dark-gray (5Y 4/1), medium- to fine-grained; higher
concentration of finer grained material at bottom; some
well-preserved bivalves 3-4cmlong thisintervalat0.35m

................................................................................. 0.40
Sand, coarse- to medium-grained; scattered shell fragments

................................................................................. 0.13
Sand, dark-gray (2.5Y 4/1), medium- to fine-grained; scat-

tered Shell fragments .......coceveiecciessnssssessssesnseeseesenee 1.16
Clay, silty; interlaminated with medium- to fine-grained sand

UP 0 10M thickK .ot 0.06
Sand, fine-grained; shell fragments up to 7cm long ........ 0.20
CORE C25

Clay, dark-gray (5Y 4/1), silty; very silty, medium-grained




86 VIRGINIA DIVISION OF MINERAL RESOURCES

Thickness
(meters)

sand pods in this interval at: 0.03-0.12m (with scattered
shell fragments), and 0.16-0.22m, and 0.50-0.52m (with
shell fragments up to 2cm), and 0.70-1.03m, and 1.19-

1.21m (with scattered shell fragments), and 1.31-1.33m
(with medium- to fine-grained sand) ........................ 1.35

Sand, gray (5Y 5/1), coarse-grained; shell fragments; be-
comes silty towards bottom; silty clay pod this interval at

0.20MM ..o e caetaens 0.50
Sand, dark-gray (5Y 4/1), fine-grained; silty .................. 0.10
Sand, gray (5Y 5/1), medium-grained; grading into bel%vsi s
Sand, coarse-grained ..........co.cveeeeeeeeneneeeeeoreereersresseesenns 0.45
ClAY, SIILY woucereeeerererrereeesser et eeeeneesrsnssasasenand 0.04
Sand, coarse-grained; cobble (5¢m) ........coovevveervrrereennes 0.06

Clay, dark-gray (5Y 4/1), silty; and fine- to very-fine-grained
sand laminations up to 3cm thick .............cccevvvvernenn. 0.65

Sand, dark-gray (5Y 4/1), very-coarse-grained; and gravel;
large shell fragments up to 8cm; silty clay lens this

interval at 0.44-0.45M .......covveruieeeeeeeeeerresressressend 0.45
Sand, gray (SY 5/1), coarse- to medium-grained.............. 0.53
CORE C26

Sand, olive-gray (SY 5/2), fine- to very-fine-grained; mi-
caceous; fine-grained sand with shell hash; fragments up
to 1cm this interval at 1.10-1.14m and at 1.26-1.28m;
silty, fine-grained sand laminations 1cm thick at 1.20-
1.25m; silty clay layer at 1.60-1.64m; color changes to
dark-gray (5Y 4/1) at 1.24m ...uueeemreieceeeeeereerenne 1.71

Sand, fine- to very-fine-grained; micaceous; some scattered
shell fragments; shell fragments up to 8cm long this
interval at 0.20-0.25m concentration of shell fragments
AL 0.33-0.36M ...ttt 0.69

Sand, medium-grained; shell fragments up to 2cm and clay
Dalls 2Cm dia ......ocoerrreerreeeee s e 0.13

Sand, fine-grained; silty; silty clay pod this interval at 0.16-
0.32m; silty clay layers at 0.72-0.75m and 0.84-0.87m
................................................................................. 0.90

Clay, very-dark-gray (5Y 3/1), silty; laminations of silty fine-
grained sand; sand laminations up to 1cm thick; color
changes to dark gray (5Y 4/1) this interval at 0.16m
................................................................................. 0.63

Sand, fine-grained; silty; with silty clay laminations; clay

Thickness
(meters)

laminations vary between 1cm and 10cm thick; concen-
tration of bivalve shells up to 1cm long fine sand matrix
this interval at 0.04-0.13m; shell fragments up to 4cm

long at 0.54-0.56m; crossbedded (?) clay layer at 0.56-
0.62m; concentration of bivalve and gastropod shells up
to 1.5cm, in fine sand matrix at0.62-0.69m .............. 1.02

CORE C27

Sand, dark-gray (5Y 4/1), coarse- to very-coarse-grained;
scattered shell fragments .........ccccceeevereevecervirenninnd 0.12

Sand, dark-gray (5Y 4/1), fine-grained; micaceous; silty clay
lamination thisintervalatQ.11m. .................cuuu....... 0.13

Sand, coarse- to medium-grained; sandy shell hash (shell
fragments up to 3cm long) this interval at 0.07-0.13m
................................................................................. 0.20

Sand, very-fine-grained; micaceous; scattered shell fragments
................................................................................. 0.08

Clay, dark-gray (2.5Y 4/1), silty; shelly medium- to coarse-
grained sand this interval at 0.08-0.11m; silty sand pods

at0.12-0.17m and 0.0.43-0.45m ......cccoeverrvrrvrrennn.. 1.20
Clay, dark-gray (2.5Y 4/1), silty; small well compacted sand
pod this interval at 0.03-0.05m ......c.ceevevrierereverinninns 295
Silt, sandy; various amounts of fine sand.......................... 0.32

Cobbles to coarse-grained sand; (quartz); small mud pod this
interval at 0.10-0.15m ......ceceeevmmrerrrenrernrereernnenn, 0.30

CORE C28

Sand, medium- to fine-grained; colors as follows: light-olive-
gray (5Y 6/2) up to 0.28m, dark-gray (5Y 4/1) up to
1.30m, light-olive-gray (5Y 6/2)up to 1.59; shell frag-
ment 2cm long this interval at 0.44m; exhibits planer
bedding at 0.50-0.60m; silty clay layer thins from 3cm to
<0.05cm at 1.99-2.02m ....ccoveeenrrvrrermermrnreerenennsrenennns 2.12

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; scattered shell fragments <0.05¢m; concentra-
tion of shell fragments some medium-grained sand this
intervalat1.62-1.72m; gradingintobelow .................. 2.08

Sand, medium- to coarse- grained .........ocoeveeeueenveneenneed 0.15
Sand, dark-gray (5Y 4/1), fine- to medium-grained with inter-
laminations silty clay; silty clay 3mm-1cm thick; sand 1-
30 thICK oottt er e er b rs 0.67

Sand, dark-gray (5Y 4/1), medium-grained; scattered shell
fragments Up 10 1CM ......covrceverecrcrncrenrere e 0.26
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Thickness
(meters)

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; silty;
widely scattered shell fragments; becomes slightly coarser
thisinterval at 5. 75m ......coovcuiericsernnnnieivcsincinnsneinns 1.00

CORE C29

Sand, olive-gray (5Y 5/2), medium- to fine-grained; some silt;
scattered shell fragments up to 2mm; concentration of
fragments this interval at 0.98-1.02m; and at 0.95-1.45m
(these up to 3cm); color changes to dark gray (SY 4/ 1) at
LS0M et e s 33

Clay, dark-gray (5Y 4/1), silty; well-compacted; less com-
pacted mud pods this interval at 0.18m and 0.32m and
0.57m; fine-grained sand pod at 2.27m (2mm thick)
................................................................................. 2.89

CORE C30

Clay, dark-gray (S5Y 4/1), silty; scattered shell fragments
<1mm; fine-grained sandy silt layer 3cm thick at a 45
degree angle this interval at 0.20m ......................... 0.34

Sand, fine-grained; silty; shell fragments up to 3cm; peice of
wood 2cm long this interval at 0.08m .................... 044

Clay, dark-gray (5Y 4/1), silty with interlayers and silty fine-
grained sand; with scattered shell fragments up to 1mm;
clay layers 4-5cm; sand layers 15-20cm .................. 0.56

Clay, dark-gray (5Y 4/1), Silty ...cccccoverrrnnnnencrnnercnncens 0.14

Sand, fine-grained; silty; scattered shell fragments to imm
................................................................................. 0.29

Clay, dark-gray (5Y 4/1), silty; widely scattered shell frag-
ments <lmm well compacted; shell fragment 2cm long
this interval at 0.74m ......ccoveeveeeimrrreneererceseeseencnnee 1.69

Clay, dark-gray (5Y 4/1), silty; shell fragments absent; air
pockets in center of core this interval at 0.13-0.17m and
0.46-0.64M ......cccovimiiiicn 1.64

CORE C31 RUN-1, RUN-2

Run-1

Sand, pale-yellow (5Y 7/4), medium-grained; scattered shell
fragments up to 1mm; clam shell 3cm this interval at
0.31m; color changes to very-dark-gray (5Y 3/1) at0.15-
1.20m (bioturbation), pale-yellow (5Y 7/4) at 1.20-1.40m,
dark-gray (5Y 4/1) at 1.45-2.00m (bioturbation); me-
dium- to coarse- grained sand with higher concentration
of shell fragments at 2.40-2.54m, and at 2.87-2.92m
................................................................................. 3.05

Thickness
(meters)
Run-2 penetration-3.11m, recovery-2.99m
Sand, dark-gray (5Y 4/1), fine-grained; some silt; shell frag-
ments up to 2mm; plastic plug this interval at 0.35-0.45m
................................................................................. 045

Sand, dark-gray (5Y 4/1), fine-grained; silty; scattered shell
fragments <1mm; very moist to wet (high water content)

................................................................................. 1.51
Silt; sandy, fine-grained; scattered shell fragments <imm

................................................................................. 0.27
Sand, coarse-grained; silty; shell fragments <2mm; upper

contact at 45 degree angle ........ccocreinvnirnnineiennns 0.16
Silt; sandy, fine-grained; shell fragments <lmm ........... 0.06
Sand, coarse-grained; silty; upper contact at 45 degree angle

................................................................................. 0.09
Sand, dark-gray (5Y 4/1), fine-grained; silty; scattered shell

fragments Up t0 4CM......cciruinieeenrrereninssieesesaees 0.26
CORE C32

Sand, dark-gray (5Y 4/1), fine-grained; silty; scattered shell
fragments up to 2mm; large shell fragment (3cm long)
this interval at 0.70m; becomes coarser at 0.85-1.05m
................................................................................. 1.17

Silt; fine-grained, sandy; scattered shell fragments <lmm
................................................................................. 0.11

Sand, dark-gray (5Y 4/1), coarse-grained; silty; grading into
fine-grained sand this interval at 0.04m; scattered shell

fragments up t0 3MML........cccurerrermereesesearniencenenenead 0.28
Sand, fine-grained; scattered shell fragments ................ 0.49
ClaY, SIlLY oottt sss st ssss s anssend 0.05
Sand, fine-grained; scattered shell fragments ................ 0.14

Clay, dark-gray (5Y 4/1); several <lmm, silty -and lamina-
tions; silty, fine-grained sand layer this interval at 0.17-
0.18m; concentration of shell at bottom contact ....0.25

Sand, dark-grayish-brown (2.5Y 4/2), fine-grained; micaceous;
silty; silty-clay lamination (1mm thick) this interval at
0.14m; horizontal bedding visible; color changes o light-
olive-brown (2.5Y 5/4) at 0.11m ....c.covmrvrremnncnnnd 0.16

Clay, light-olive-brown (2.5Y 5/4), silty; becomes coarser
from 0.30m and down; color changes several times in this
interval to gray (5Y 5/1) at 0.04m; and dark-gray (5Y 4/
1) at 0.05m; and dark-grayish-brown (2.5Y 4/2) at 0.30m
................................................................................. 045
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Thickness
(meters)

Sand, dark-gray (5Y 4/1), very-fine-grained; silty; micaceous;
color changes several timesin the interval from 0.13m to
bottom alternating colors of olive gray (5Y 4/2) and yel-
lowish- brown (10YR 5/8) with fine material related to
darker color and coarser material related to lighter colors
................................................................................. 0.40

Sand, laminations of silty, fine-grained and medium-grained;
laminations range from 1mm to 0.5cm thick ............ 0.15

Sand, medium- to coarse-grained; and gravel; (rounded)

................................................................................. 0.06
Sand, fine-grained; micaceous; mud lens <1mm this interval

ALO.0AM ...t 0.04
Sand, medium- to coarse-grained; and gravel ................ 0.03
Sand, medium-grained ...........cocoverecreecneeeeene v eeseseannns 0.08
Sand, medium-grained; and gravel ............coeeevnreveunennn 0.04
Clay, fine-grained sand lenses..........ccooeveveeecmvreersennnn. 0.08

Sand, olive-gray (5Y 4/2), fine-grained; some silt; micaceous
................................................................................. 0.54

Sand, dark-gray (2.5Y 4/0), fine-grained; some silt; mi-
caceous; begin to have shell fragments with increasing
concentration with depth ........c.cvvveevieevenevvecreennnnd 0.20

Shell hash; some fine-grained sand; mostly bivalves up to
Iem with trace gravel ...........coeeerveeceeeenrernensessnneenne 0.26

Sand, dark-gray (2.5Y 4/0), very-fine-grained; silty; mi-
caceous; widely scattered shell fragments; shelly layer
this interval at 0.10-0.12m ........ovevvevrveeereereceennnand 0.57

CORE C33

Sand, black (2.5Y 6/0), fine-grained; silty; widely scattered
shell fragments; interlayers of silty clay ranging from
0.5-6.0cm thick this interval from 0.0-0.95m; silty-clay
layers at 0.32-0.38m, and 0.45-0.48m (with .5cm layer of
coarse-grained sand below), and 0.64-0.67m; silty, fine-
to medium-grained sand layer at 0.50-0.57m; medium-
grained sand with shell fragments up 10 4cm some silt at
0.68-0.73m; color changes to dark-gray (2.5Y 4/0) at

0.48IM ..t 1.54
Sand, fine-grained; SIILY ..........ccoerrireeereriemeeeesnsseans 0.34
Clay, SIlLY .....ccovriecnreeerrieenererennrrrsnses e e s ssassasned 0.03
Sand, fine-grained; Silty ......occcevvveeerenereeeenveresrreeennnn 0.04

Clay, silty; with several fine-grained sand lenses .......... 0.05

Thickness
(meters)

Sand, dark-olive-gray (5Y 3/2), coarse-grained; and gravel;
abundant shell fragments up to Scm long; pod of mud this
interval at 0.06m ........c.cccereerereerernnronerreereesseeseseensenns 0.31

Sand, dark-gray (2.5Y 4/0), fine-grained; very silty; mud
pods; scattered shell fragments ..........coccceevveeeenenesesd 0.53

Silt, clayey; interlayered with silty clay, layers range 1-2cm;
ShEll @DSENL ......covememrrerecrenenerenreserensetereensesnensensesens 0.13

Clay, very-dark-gray (2.5Y 3/0), silty; grading into below
................................................................................. 0.15

Sand, dark-gray (5Y 4/1), fine-grained; silty; becomes less

silty with depth; pod of mud this interval at 0.91m
................................................................................. 1.34

Sand, dark-gray (S5Y 4/1), fine-grained; gravelly ........... 0.17

Gravel, black (2.5Y 2/0); with silty fine-sand; scattered shell
fTAGINENLS ..cverrererreerraeresiererenrennrnssssressessssesessssasenes 0.32

Silt, clayey; more clayey at top; some gravel at bottom
................................................................................. 0.16

Gravel, with silty fine-grained sand; scattered shell frag-
ments; gravelly silt layer this interval at 0.14-0.15m;
higher concentration of shell fragments with some me-
dium-grained sand toward bottom ........................... 0.26

Silt, black (2.5Y 2/0), Clayey ....coccevrvrererrrernrrenrsrermnnrenns 0.06

Gravel and shell fragments, with silty fine-grained sand and
some medium-grained sand .........c.oeeverererenrennnenind 0.25

Clay, silty; interlayered with clayey silt; with gravel; shows

horizontal bedding ........c..ocececeeeerrrrerrnrneniecessrenenens 0.07
Gravel and scattered shell fragments; with medium- to coarse-

grained sand and Silt .........ccccccemmervervvenereriieserennanne 0.17
Sand, gray (5Y 5/1), interbedding of silty, fine- and medium-

grained; clay ball this interval at 0.09m ................. 0.10
Sand, gray (5Y 5/1), medium- to fine-grained; and gravel;

trace clay; abundant shell fragments ....................... 0.17
CORE C34

Sand, olive-gray (SY 5/2), medium-grained; trace of coarse-
and fine-grained sand; widely scattered shell fragments
................................................................................. 2.20

Sand, fine- to medium-grained; widely scattered shell frag-
ments; mud lamination up to 2mm thick this interval at
0.15m; higher percent of medium sand at 0.20-0.27m
................................................................................. 0.27
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Thickness
(meters)

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; widely
scattered shell fragments; layer of abundant shell frag-
ments 2cm thick this interval at 0.43m ..., 1.05

Sand, medium-grained; shell fragments........coueivuecuencans 0.02

Sand, dark-gray (5Y 4/1), very-fine-grained; silty; with layers
of medium-grained sand and shell fragments this interval
at 0.13-0.14m, and 0.23-0.26m; pod of coarse-grained
sand at 0.33-0.38m; 0.Scm thick layer of silty clay at

0.39M et cr e saneecaess s ensassesassssassssasas 0.39
Sand, olive-gray (5Y 5/2), coarse-grained; shell fragments;

several mud pods .......ccovvivninisreresnisinnerssneneninnad 0.17
Sand, fine-grained; and shell fragments ............ccovniniasd 0.06

Sand, olive-gray (5Y 5/2), coarse-grained; abundant shell
1 22104 1115 111U 0.11

Sand, dark-gray (f5Y 4/1) very-fine-grained; silty .......... 0.52

CORE C35

Sand, medium-grained; in mud matrix; shell fragments up to
ACIMN .oveereeereeeerreesrsaeseseesesetsaesesenssonssasssassssssssssssnens 0.08

Clay, very-dark-gray (5Y 3/1); pods and discontinuous lami-
nations of fine-grained sand common; pods toward sur-
face contain medium-grained sand and mud; scattered
fragments of wood thisinterval at: 1.15-1.20m,and 1.35-
1.56m, and 1.80-1.95m; color changes to dark-gray (5Y
4/1) at0.80m; abundant fine-grained sand laminations at
4.15-4.60m; sand laminations increase in thickness and
interlayers of clay become more silty and thinner at 5.25-
SA2M ettt st asaaas 542

Sand, gray (5Y 5/1), medium- to fine-grained; grading to
very-fine-grained sand at bottom,; interlayered mud and
fine-grained sand this interval at 0.35-0.38m, and 0.42-
0.46m; trace of gravel at bottom contact this interval at
DA8IM .ottt sass et e snaned 048

Clay, silt matrix; pods of green, compacted clay; scattered
shell fragments; colors: clay, dark-greenish-gray
(5GY4/1); silt, dark-gray (5Y 4/1) .cceeevccrensvcncnnas 0.12

CORE C36 RUN-1, RUN-2, RUN-3, RUN-4

Run-1

Sand, olive (5Y 5/3), medium- to coarse-grained; abundant
shell fragments up to Scm; abundant fine- to medium-
grained sand, coarse-grained sand common this interval
ALO.T2MM ot snst s sessn st e se s 1.25

Thickness
(meters)

Run-2 jetted-1.13m, penetration-2.41m, recovery-1.37m

Sand, pale-olive (5Y 6/3), medium-grained; scattered shell
fragments; plastic plug this interval at 0.22-0.32m; color
changes to olive-gray (5Y 5/2) this interval at 0.15m;
silty-clay pod with color of dark-gray (5Y 4/1) this inter-
val at 1.02m; grades into below .......cuoveevcvrninenns 1.15

Sand, fine- to medium-grained; scattered shell fragments
................................................................................. 0.23

Run-3 jetted-2.35m, penetration-3.08, recovery-1.07m

NOTE: top 0.4m of tube empty; measurements not exact; core

disturbed

Sand, olive (5Y 5/3), medium-grained; abundant shell frag-
menits; color changes to gray (5Y 5/1) this interval at
0.55IM .eoeeeecesenrseeeraseseensanstssessssssesesnsessesessssensuane 1.03

Sand, dark-gray (5Y 4/1), fine-grained; abundant shell frag-
INEIIS «vevveucevisresensesessesessessosmessnesesrssnsnsssessersrsnssnenssasas 0.33

Run-4 jetted-2.99m, penetration-3.96m, recovery-1.01

Sand, gray (5Y 5/1), fine- to medium-grained; abundant shell
fragments; darker colored parting this interval at 0.33m;
plastic plug thisinterval at0.77-0.87m.........cccceuenee 1.00

CORE C37

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; scattered shell fragments; concentration of shell
fragments mostly Ensis this interval at 0.12-0.14m; lami-
nations of silty clay up to 2cm thick at 0.53-0.65m and
1.29-1.30m grading into bElow ........ccccvvvuererrerennnes 2.00

Sand, dark-gray (5Y 4/1), medium- to fine-grained; shelly
layer in sand matrix, fragments up to 3cm this interval at
0.45-0.53m; shell layer in sand matrix, gastropods and
bivalves up to 8cm at 0.75-0.80m .......cceeeeerrenennnee. 0.82

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; silty sand layer this interval at 0.31-0.33m; silty
clay layers at 0.46 and 0.56 (lcm) .....eoeeereeerrinnnnee. 2.14

CORE C38

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
micaceous; Ensis shell fragment 4cm long this interval

AL 0.81-0.84MM eovrerrnrereerertenreessicsssrssessesssnssssnanens 1.03
Sand, dark-olive-gray (5Y 3/2), coarse-grained; some gravel
................................................................................. 0.08
Sand, medium-grained; Silty.......ccooivenrrennnrnevesniicnnnnnad 0.03

Sand, medium- to coarse-grained; shell fragments up to 4cm
................................................................................. 0.06
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Thickness
(meters)

Sand, very-dark-gray (5Y 3/1), medium- to fine-grained; silty
clay this interval at 0.00-0.01m ............coorve....... 0.22

Sand, very-dark-gray (5Y 3/1), medium-grained ............ 0.11

Sand, very-dark-gray (5Y 3/1), fine- to very-fine-grained;
IMICACEOUS ..cvovvverrenrerrrersereraesessssrsneseseaseeseesssseresses 0.30

Clay, silty; some fine-grained sand; micaceous .............. 0.15

Sand, coarse-grained; silty; and gravel; shell fragments up to
TCIM oottt s st eeessenesas 0.21

Clay, dark-gray (5Y 4/1), slighty silty; high degree of com-
paction; small pods of coarse-grained sand this interval at
1.64-1.74m; 0.5cm thick layer of shell fragments this
interval at 3.20M .......coeeeruereinrenireeeeeeeres e, 3.96

CORE C39

Sand, dark-gray (5Y 4/1), very-fine-grained; massive; scat-
tered shell fragments up to 4cm Ensis; dark band this

interval at 0.10-0.12Mm «....uuuueeceeeeeeeeeeeesree 1.54
Sand, medium-grained; and gravel; shell fragments.......... 0.05
Sand, fine- to very-fine-grained; some medium- grained sand;

TOICACEOUS ...vvvvsveceneesenssensaesennsessessesessessssesessssnsanns 0.22
Sand, coarse- tomedium-grained; trace of gravel............. 0.03

Sand, dark- gray (5Y 4/1), fine- to very-fine-grained; mi-
caccous; scattered shell fragments; trace of subrounded
gravel; concentration of gravel and shell fragments up to
4cm this interval at 0.46-0.56m; piece of wood 4cm long
at 1.28m; concentration of bivalve shells at 2.05-2.08m;
layer of silty, fine-grained sand at 2.79-2.84m; layer of
silty clay at 2.89-2.95m; shell hash with fragments up to
3cm with coarse-grained sand at 3.29-3.34m; lamina-
tions of silty clay and silty, fine-grained sand up to Icm
thick at 3.42-3.46mM ......ceruveereeriieeeereereee e, 3.59

CORE C40

Sand, dark-gray (5Y 4/1), very-fine-grained; micaceous;
massive; widely scattered shell fragments ............. 145

Sand, dark-gray (5Y 4/1), very-fine-grained; micaceous;
massive; scattered shell fragments up to 1cm; several
pods of silty, fine-grained sand this interval at 0.55-
0.70m; 1cm wide shell layer (clams 1cm at an angle) at

D 0.80M et 1.53

Sand, dark-gray (5Y 4/1), very-fine-grained; micaceous;
massive; widely scattered shell fragments; 1cm thick
lenses of silty fine-grained sand common.................. 1.49

Thickness
(meters)

CORE (41

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; silty;
micaceous; widely scattered shell fragments; in this
interval: 1cm wide layer abundant shell fragments <lcm
oriented at 45 degree angle at 0.30-0.35m, horizontal
layer of abundant shell fragments 1cm at 0.42-0.44m,
abundance of Ensis at 0.20m ...........ceeeererreerveneee.e. 1.31

Sand, dark-greenish-gray (SGY 4/1), fine- to very-fine-grained;
micaceous; silty; widely scattered shell fragments up to
Icm; inthis interval: decrease in sand and increase in clay
content at 0.37m,; silty clay with scattered occurrences of
very-fine-grained sand at 0.55m; scattered coarse grains

of sand below 0.54Mm .....cuueoreeevenrereree s 0.74
Clay; SOME SIlL ....covverrrrerererereersecccre et eeeeesnnsnaneas 0.17
Sand, gray (5Y 5/1), medium- to coarse-grained; and gravel,

scattered shell fragments <icm......cuceeeeeeveeevevnnnnnnnnn.. 0.36
Sand, medium- to coarse- grained ..........oeeeeeeeeeevrrrennns 0.03

Sand, gray (5Y 5/1), fine- to very-fine-grained; widely scat-
tered shell fragments up to 1cm; gathering of shell frag-
ments including 3cm Ensis this interval at 1.14m

................................................................................. 1.36
CORE C42
Sand, very-dark-gray (2.5Y 3/1), very-fine- grained;
IHCACEOUS «eevvecrrrarreersesresessseressissssssssesnsesorsassesenes 0.13

Sand, coarse-grained; and gravel; shell fragments up to lcm
................................................................................. 0.02

Sand, medium- to fine-grained ...........ooueevevreeeennnnnn 0.05

Clay, dark-gray (2.5Y 4/1); laminations of medium- to fine-
grained sand and silty-clay up to 2cm thick.............. 0.28

Sand, coarse-grained; shelly; shell fragments up to 2cm
................................................................................. 0.09

Sand, dark-gray (2.5Y 4/1), fine-grained; micaceous; scat-
tered shell fragments; silty sand layer this interval at
0.15M ittt 1.00

Sand, medium- to fine-grained; micaceous....................... 048

Sand, dark-gray (5Y 4/1), medium- to fine-grained; mi-
caceous; shell fragments up to 2cm ............cune..... 0.25

Sand, dark-gray (SY 4/1), very-fine -grained; micaceous;
variable amounts of silt and clay along core; in this
interval: silty sand at 0.00-0.40m, clayey sand at 0.40-
0.70m; silty sand at 0.70-0.81m.....cvereeveverevrnenneene. 0.81
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Thickness
(meters)

Sand, very-fine-grained; silty; clayey; variable amounts of
silty clay along the core, no lamination pattern, looks
like disrupted lenses of sand, silt and clay; in this layer:
silty clay layer at 0.05-0.07m; gastropod at 0.27m
.......................................................... ereeserererenenensees 132

Clay, dark-gray (5Y 4/1), silty; pods and stringers of silty fine-
grained sand,; scattered shell fragments 1mm along clay/
sand boundary; in this interval: 3cm pebble at 0.92m;
becoming more sandy at 1.17m .....cccovveennenncnncneens 1.38

Sand, gray (5Y5/1), medium- to fine-grained; micaceous
................................................................................. 0.11

CORE C43

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; mud pod this interval at 0.78-0.80m; layer of
coarse shelly sand, shell fragments up to 6cm at 1.24-
130 ceninrnrcecee et ssenies 1.77

Sand, fine-grained; widely scattered shell fragments; shell
fragments up o 3cm thisintervalat 1.48m................ 148

Sand, fine-grained; interlaminated with silty clay; lamina-
tionS uP t0 2¢m thiCk ...cuvevierriviircecereereeeeceeeeeeeceeend 0.25

Sand, dark-gray (2.5Y 4/1), very-fine-grained; micaceous;
with silty sand and clay laminations up to 3cm long
................................................................................. 1.67

CORE C44

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; shelly layer 2cm thick this interval at 0.23m
................................................................................. 1.56

Sand, coarse-grained; shelly; fragmentsupto8cm.......... 0.09

Sand, dark-gray (5Y 4/1), medium- to fine-grained; mi-
caceous; abundant shell fragments;shell fragments up to
5cm throughout; shelly sand layers this interval at 0.13-
0.17m, 1.48-1.52m, and 1.73-1.79m; abundance of
bivalve shells this interval at 1.87-2.05m ............... 235

Sand, coarse-grained; interlaminated with silty clay; lamina-
tions up to 10cm thick; coarse-grained sand - color gray
(5Y 6/1); silty sand - color gray (2.5Y 5/1); piece of wood
(sample taken) 6¢m long this interval at 0.80m .....1.15

Sand, dark-gray (5Y 4/1), medium- to fine-grained; widely
scattered shell fragments ............ceceeereeererceseseerenead 0.09

Thickness
(meters)
CORE C45
Sand, fine- to very-fine-grained; micaceous ................. 0.02

Sand, coarse- to medium-grained; scattered shell fragments
UP 10 MM .o er et sn et snnescasd 0.08

Sand, fine- to very-fine-grained; micaceous; scattered shell
FTAZMENLS ..vveecrenreiiisisisiissnescsnsesssssasnssnsnssseanasasasss 0.05

Sand, very-dark-gray (2.5Y 7/0), muddy; some shell frag-
INENLS ...oveverererererensereersaeueceesmoesrcsmssssesssosesssessnssasenass 0.10

Clay, dark-gray (5Y 4/1), silty; with laminations of shell hash
and silty sand up to 2¢m thick ......ceeeneeeiennesennnnnee 1.20

Clay, silty; laminations of muddy sand up to 3cm ......... 0.15

Sand, dark-gray (5Y 4/1), medium-grained; scattered shell
fTAZMENTS ...ttt e sn s sr e 0.61

Sand, coarse-grained; shell fragments up to 7cm, gastropod
ANA DIVAIVE ..ottt 0.15

Sand, dark-gray (5Y 4/1), medium- to fine-grained; scattered
shell fragments; silty clay lense up to 2mm this interval
ALO.5OM ..ot eessesessessessesersesssnsensnens 1.14

Sand, coarse-grained; abundant shell fragments up to 5cm,
DIVAIVES .uveevirnrseneececnrren e sesaeesesaeesnessessennessensessons 0.22

Sand, gray (5Y 5/1), medium-grained; silty fine-grained sand
layer showing more compaction this interval at 0.30-
0.38IM c.vveieeverne e csesesrsresssssnssesnensassesnssssnned 049

CORE C46
Sand, dark--gray (5Y 4/1), fine-grained; micaceous; scattered

shell fragments; in this interval: concentration of shell
fragments at 0.30-0.40m, silty clay with very fine-grained

sand at 0.40-0.44m .........ccovnmiriernrenenneinreneennass 0.76
Sand, coarse-grained; shelly; silty clay; shell fragments up to
ACIN caerrerverereeemes e seseensseensessssssssssbssesstesesosososns 0.19
Clay,silty; scattered shell fragments......oeeeveeecneiniencnna 0.10
Sand, silty; scattered shell fragments........c.ccocvevvvvennnncs 0.10

Sand, silty; with laminations of silty clay up to 2cm .....0.16

Sand, dark-gray (5Y 4/1’),' medium-grained; scattered shell
fTAZIMENLS ...c.veeveeeeneecenrececnseresssesvironsonnsnesnstssesnnesasaas 0.24

Sand, gray (5Y 5/1), medium-grained; small amount of silt
and clay; scattered shell fragments; shell hash this inter-
val at 0.05-0.11M ccuvourrererrrrenconneensvnmsencsieisesnsseneannd 0.34




92 VIRGINIA DIVISION OF MINERAL RESOURCES

Thickness
(meters)

Sand, gray (5Y 5/1), fine-grained; laminated with silty
clay; laminations range from 2-10cm; shell hash with
fine-grained sand this interval at 0.32-0.36m .......... 1.21

Clay, gray (5Y 5/1), silty; laminations of fine-grained sand;
laminations range from 1-5cm; in this interval: coarse-
grained sand layer at 0.36-0.42m; pod of coarse-grained
shelly sand at 1.38-1.42m; shell fragment 5cm at 1.60m
................................................................................. 1.68

Sand, coarse-grained; shelly; fragments up to 4cm ....... 0.06

Sand, dark-gray (5Y 4/1), medium-grained; scattered shell

fragments <IMm .....cvieciceereeneneieseeesesessssesssenns 048
Sand, medium- to fine-grained; with silty clay laminations up

TO 2CIM e eenensseesessssnnasssasassesesssssssnsonas 0.16
Sand, coarse-grained; abundant shell fragments; silty clay

layer this interval at 0.03-0.05m ........ccooevreeemenennnenes 0.28
Sand, medium- to fine-grained; scattered shell fragments

aboUt IMM ....ecvrririreiee e er e eses s 0.36
CORE C47

Sand, dark-gray (5Y 4/1), fine- to very-fine-grained; mi-
caceous; silty-clay lamination this interval at 0.40-0.43m
................................................................................. 0.56

Clay, dark-gray (5Y 4/1), slightly silty; with laminations of
coarse- and fine-grained sand; laminations range from 1-
Scm; several large shell fragments up to 8cm this interval
AL0.99M ..t 1.84

Sand, coarse-grained; shelly; scattered shell fragments up to
Scm; silty-clay layer this interval at0.20-0.30m.......... 045

Sand, gray (5Y 5/1), medium- to coarse-grained; widely scat-
tered shell fragments up to 1mm; trace of subangular
BIAVEL oo e 0.70

CORE C48 RUN-1, RUN-2, RUN-3

Run-1
Sand, light-olive-brown (2.5Y 4/4), medium- to coarse-
grained; scattered shell fragments up to 2cm ........... 0.82

Sand, olive-gray (5Y 4/2), fine- to coarse-grained; fewer scat-
tered shell fragments than above .........ccccceeveeenne.e. 1.06

Run-2 jetted-1.92m, penetration-4.39m, recovery-3.99m

Sand, light-olive-gray (5Y 6/2), coarse- to medium-grained;
with pods of darker colored coarse- to medium-grained
sand; trace of shell fragments up to 2mm; in this interval:

Thickness
(meters)

plastic plug at 0.47-0.57m; large shell fragment Scm at
1.42m; layer of dark gray coarse to medium-grained

sand, olive gray (5Y 4/2) at 1.50-1.66m; and 1.70-2.02m
................................................................................. 2.02

Sand, dark-gray (5Y 4/1), coarse- to medium-grained; scat-
tered shell fragments; pods of light brownish gray (2.5Y
6/2) oeeeeeteietreenr e sesse s et esnsr e ser s st s s aanen 1.00

Sand, fine- to medium-grained ..........cccoceovererreerrererunnnend 0.13

Sand, dark-gray (5Y 4/1), coarse- to mediun-grained; pods of
light-brownish-gray (2.5Y 6/2); layer of medium- to
fine-grained sand this interval at 0.25-0.27m; fine sandy
Silt At 0.71-0.74M ..ouevirivnrecrenrrninissstsassecsssesnsnesssenend 0.80

Run-3 jetted-4.24m, penetration-6.04m, recovery-1.22m
Sand, olive-gray (5Y 4/2), medium- to fine-grained; widely
scattered shell fragments in this interval, becoming
coarse-to medium-grained at 1.40m; becomes very shelly,
fragments up to 1.5cm grayish brown (2.5Y 5/2) at 1.60m

................................................................................. 191
Sand, dark-gray (SY 4/1), medium- to fine-grained; plastic

plug this interval at 0.11-0.19m .......coevvecvenrnnncnad 0.27
CORE C49

Sand, light-olive-gray (5Y 6/2), medium- to coarse-grained;
widely scattered shell fragments .........cceceeenennnnenes 0.50

Sand, olive-gray (5Y 5/2), medium- to coarse-grained; widely
scattered shell fragments in this interval; color mottle of
light-olive-gray (5Y 6/2) at 0.20-0.25m; larger percent-
age of coarse-grained sand near bottom ................. 1.11

Sand, dark-gray (5Y 4/1), coarse- to medium-grained; scat-
tered shell fragments up t0 1M ...c.eveevvnerveveccrcnnnes 1.52

Silt, VEry Clayey ....ceecvrviririineniirieniisirinsisssnesissssnend 0.02

Sand, olive-gray (5Y 5/2), fine- to medium-grained; scattered
shell fragments; becomes finer toward bottom; shell
fragments t0 2.5CH ..uuvrverieiuirieininnenscsnsioesisanins 0.86

Sand layers, dark-gray (5Y 4/1), fine-grained and silty, fine-
ErAINEd ...ttt 0.13

Clay, silty; pods of medium- to coarse-grained shelly sand;
shell fragments up 10 3CM ...coviviinmineiscsissienienenes 0.21

Clay, gray (5Y 5/1), silty; pods of silty fine shelly sand
................................................................................. 0.22

Clay,silty; and shelly medium- to fine-grained sand in patches;
gravel in medium- to fine-grained sand ; shells up to 3cm
................................................................................. 0.56
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Thickness
(meters)

Sand, fine- to very-fine-grained; micaceous; widely scattered
shell fragmentsupto0.5Cm .....cucevvererrerereereesrresreraenns 0.61

CORE C50

Silt, dark-gray (5Y 4/1); micaceous; with very-fine-grained
sand and clay; pod of fine-grained sand this interval at
0.42m; grading into bElow ........cvvueeriinrreirinicccruennnd 0.54

Clay, Silty; MICACEOUS .....cceceereererererrnrerercsraesesesnsssuesessans 0.30

Sand, very-dark-gray (5Y 3/1), mottles of fine-grained sand
and clay; more sandy and less silty toward bottom

................................................................................. 0.29
Clay, 8ray (5Y 5/1) cccoeveeecereccneersessennesensneressensnnnd 041
Clay, dark-gray (2.5Y 4/1), silty; well compacted ......... 0.46
ClAY .ottt et senenin 1.07

Clay, dark-gray (2.5Y 4/1), silty; well compacted; scattered
shell fragmentsthis interval at0.18mand 0.53m........1.53

Clay, silty; compacted; shell concentrations this interval at
0.54m and 0.70M .......ecueeceerieeererereneeesenereeseeens 1.11

Clay, very-dark-gray (5Y 3/1), silty; fine-grained sandy
................................................................................. 0.06

Shell hash, dark-gray (5Y 4/1), in clay matrix .............. 0.39
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ABSTRACT One end-member (amphibole, pyroxene, and epidote),

The mineral composition of the 3- to 4-phi (0.125 to
0.063 mm) size fraction of 49 surficial grab samples, located
north and south of the entrance to Chesapeake Bay and of 38
surficial samples, located in the bay mouth, was determined
during this study. Althoughup to 17 minerals were identified,
principal components analysis indicated that seven minerals
accounted for 96 percent of the composition variance in the
bay samples. By using Q-mode factor analysis, three mineral
composition end-members (factors) were selected from the
sample data and provided an adequate description of the
spatial variation in heavy-mineral composition. The end-
members suggest possible mineral sources.

shows that the interior of the bay is a possible source for the
amphibole and pyroxene in the samples. A second end-
member, comprised of zircon, garnet, and amphibole, sug-
gests two different sources for the sediment, (one source is in
the lower bay and the other is south of the bay mouth). The
sample composition gradient of a third end-member, com-
prised of garnet, amphibole, and epidote, suggests sediment
transport into the bay resulting from southerly littoral drift
along the Delmarva Peninsula. This sediment flux from the
north does not appear to bypass the bay mouth and move
south, at least not in the sampled area extending up to 5 km
offshore. :

IFurg-Depto De’ Geociéncias, CX Postal 474, Rio Grande/RS. CEP 96.200, Brasil
?Virginia Institute of Marine Science, School of Marine Science, College of William and Mary, Gloucester Point, Virginia 23062
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INTRODUCTION
FACTOR ANALYSIS

When dealing with a large number of samples and many
columns of observed measurements, such as heavy-mineral
data, it is commonly difficult to determine meaningful trends
related to geologic processes by merely inspecting the data.
Q-mode factor analysis, a mathematical procedure, can be
used in an attempt to simplify such mulii-variable data.
Because this study relies on Q-mode factor analysis, defini-
tion of terms and a brief explanation of the method is given
here; however, references and a more complete discussion is
given by Berquist (1986).

Successful use of Q-mode factor analysis can result in a
reduction of the number of variables in a large array of data to
a few new variables, called factors. The factors, just like
samples, have a defined composition in terms of the original
variables; the compositions of all samples are then redefined
in terms of a few factors instead of the many, original
variables. For the analysis of mineral-composition data in this
study (the minerals are the variables), we required that the
composition of each of the factors (new variables) should
approximate the composition of actual samples. Forexample,
if three actual samples are mathematically chosen from the
data, the result is called a 3-factor solution and the composi-
tion of each of the three chosen samples becomes the compo-
sition of arespective factor. The original compositions of all
the samples are then redefined, and instead of being com-
prised of garnet, staurolite, zircon, elc., the samples may be
comprised of, say, 80 percent factor I, 10 percent factor II, and
10 percent factor III. During the computation, the composi-
tion of each factor may be adjusted and then may only ap-
proximate the composition of its corresponding actual sample.
The "approximated” compositions are called "end-members".

At the completion of the method when applied to heavy-
mineral data, an important relationship exists between the
factor composition and original variables. The two or three
minerals commonly making up the bulk of the composition of
each factor define a mineral suite, or mineral assemblage. In
other words, the use of Q-mode factor analysis defines min-
eral suites (factors) and redefines the composition of all
samples in terms of these mineral suites.

Successful use of factor analysis on mineral-composition
data is followed by more common approaches of explanation
and interpretation. Much the same as making a contour map
of zircon concentration over a study area, we can make a
contour map of factor concentrations. A mineral suite defin-
ing a particular factor may be the mineral assemblage that
represents a geologic province. The factor composition
gradientin the study area should point to the local (as opposed
to ultimate) origin (area of highest concentration) of that
mineral assemblage. Also, the down-gradient direction should
reflect the direction of transport, or dilution, of the mineral
suite away from its source. Thus, sediment transport path-

ways are defined by the gradient patterns. An analogy is the
case where a small amount of dye is introduced into a larger
amount of water; concentration of the dye will be highest at its
source of entry and decrease away from its source. In
summary, two reasons, or applications, for using factor analy-
sis on heavy minerals are, one, a geologic province may be
identified and, two, a local source and sediment transport
directions may be suggested.

HEAVY MINERALS AND SEDIMENT TRANSPORT

Heavy minerals can be used as natural tracers to define
provenance or to assist with studies of sediment transport.
The relationship of bottom sediment movement between
Chesapeake Bay and the inner continental shelf has been
discussed by Firek (1975), Firek and others (1977), Berquist
(1986), Colman and others (1988), and Hobbs and others
(1986). In these studies provenance and transport direction of
sediment were identified, but more data were needed from the
inner shelf. The recognition of sedimentary provinces in the
lower Chesapeake Bay and inner continental shelf is compli-
cated by the existence of multiple sediment sources. Little
knowledge about the sediment transport processes make it
difficult to separate the effects of the natural estuarine proc-
esses from anthropogenic influences in the sediment source
areas.

Previous studies (Firek, 1975; Firek and others, 1977;
Berquist, 1986) show that the spatial distribution of selected
heavy-mineral suites helps to identify the sedimentary prove-
nance of the complex mineral assemblages. Firck and others
(1977), using the mineral distribution patterns in conjunction
with analysis of variance, were able to identify characteristic
mineral suites for arbitrary geographic areas within the lower
bay. Firek and others (1977) also subjected seven major
heavy minerals to an R-mode factor analysis, using a 2-factor
solution, and proposed that sediment maturity and sediment
provenance may have contributed to the observed mineral
suites. Based on the relationships of the minerals in each
factor and on the way the minerals of the predefined areas
compared with one another, Firek and others (1977) found
evidence of a bayward influx of littoral and inner shelf
sediments.

Berquist (1986) combined Firek’s (1975) data with new
data from near the bay-mouth area. Q-mode factor analysis
defined three suites or end-members. Concentration gradi-
ents of one of the factors (a mineral assemblage) were not
easily explained in terms of provenance. Of the other two
factors, one showed sediment transport into the bay, whereas
the concentration gradient of the other factor suggested a
source within the bay. These findings are in agreement with
Firek and others (1977). Firek’s (1975) and Berquist’s (1986)
heavy-mineral trends were based on data from the northern
inner shelf and the bay mouth.

The primary objective of the present study is to project
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the sediment transport pathways defined by Berquist (1986)
and Firek (1975) using the heavy-mineral variability in the
Chesapeake Bay mouth into the inner continental shelf of
Virginia. A second purpose is to provide more information on
particular mineral assemblages along the inner shelf, espe-
cially south of the bay. This study includes part of the data
previously analysed by Firek (1975) and Berquist (1986) as
well as 49 new grab samples from the Virginia inner shelf
(Figure 1). The study relies upon heavy-mineral composition
gradients obtained through Q-mode factor analysis. Figure 1
defines the study area and shows the location of the samples
used.

METHODS

The 49 grab samples used in this study were obtained
while conducting a project funded by the Virginia Subaque-
ous Mineral and Materials Study Commission (Berquist and
Hobbs, 1988). Approximately 0.75 grams of the archived
heavy mineral samples were sicved to remove the 3- to 4-phi
(0.125 to 0.063mm) size fraction. A portion of this fraction
was mounted on a glass slide with Caedax. The heavy
minerals were point-counted using a petrographic micro-
scope. Seventeen minerals, including opaques, were identi-
fied. Based on their apparent variability in the samples only
seven transparent minerals were selected for this study. Point
counts continued until at least 200 transparent grains were
counted on each slide. This resulted in a total count of 300 to
600 grains per slide. This wide range is due to the variable
concentrations of the opaques in the samples. To check
reproducibility between individual observations, minerals on
two slides were identified and counted by two of us, and the
results compared. The results showed replication to within 3
percent in each mineral species.

The complete data set included the 49 grab samples and
38 additional samples analyzed with similar methodology
from Firek (1975) and Berquist (1986). The final data matrix
consisted of seven minerals (zircon, sphene, amphibole, epi-
dote, staurolite, pyroxene, and garnet) from 87 samples (Table
1). These seven minerals (Table 1) were chosen because
principal components analysis performed previously by Ber-
quist (1986) showed them to account for 96 percent of the
mineral variability among samples, in the lower Chesapeake
Bay area. In order that the composition of all samples added
up to 100 percent, the composition of samples characterized
by more than the seven minerals were normalized.

These data were analyzed by Q-mode factor analysis.
The analysis and conclusions are based on the assumption that
high concentrations of heavy minerals are found at or near the
source (or end-member) and that these concentrations de-
crease away from the source by dilution with other materials.
It is the concentration gradients that make the use of factor
analysis particularly suitable. For each factor, the concentra-
tions of the factor in the samples were plotted on a map and

values were contoured. The final results are shown in Figures
2,3, and 4 and in Table 2.

RESULTS AND DISCUSSION

We attempted 2-, 3-, and 4-factor solutions, but the 3-
factor solution was chosen as the most appropriate for the
problem at hand. The 2-factor solution showed high commu-
nality values for each factor used to describe the samples, but
large negative end-member compositions made this solution
unrealistic. The 4-factor solution showed high communali-
ties and no negative values of end-member compositions, but
twoend-members were redundant as they had nearly the same
composition. The 4-factor solution was rejected.

The best practical description was achieved with the 3-
factor solution because it accounted for 98.3 percent of the
variance, had positive composition loadings, high commu-
nalities for each sample, and provided good reproduction of
the raw-data matrix. Most importantly, the locations of the
end-members (Figure 1) represented by the 3-factor solution
provide a reasonable geologic explanation. The first end-
member (composed entirely of factor I material) is located
inside the bay midway between the mouth of the James River
and Cape Henry. The second end-member (composed en-
tirely of factor II) is located on the inner shelf south of the
bay’s mouth. The third end-member (composed entirely of
factor IIT) is located in the vicinity of Fishermans Island. The
compositions of the end-members are listed in Table 3.
Figures 2, 3, and 4 are contoured plots of the factor abundance
(listed in Table 2) in each sample from the 3-factor solution.

Factor I is comprised, in order of decreasing abundance,
primarily of amphibole, pyroxene, and some epidote (Table
3), and is an immature mineral assemblage. The plot (Figure
2) of factor I shows a trend of decreasing concentration
offshore suggesting sediment transport out of the bay and to
the south. This interpretation differs from what we should
expect from the circulation studies done in the inner shelf
adjacent to the bay mouth (Boicourt, 1981; Harrison and
others, 1967) and modern shelf and bay sedimentation (Swift
and others, 1971; Hobbs and others, 1986; Colman and others,
1988). However, relevant studies regarding sediment trans-
portand bottom types in this area were conducted by Ludwick
(1970, 1974) and others, who estimated bottom shear stress
and found net sediment transport near the bed can be ebb-
dominated around Cape Henry. His studies support our
interpretation of offshore transport in this area. Furthermore,
Ludwick’s (1978) study of coastal currents from the entrance
of Chesapeake Bay to south of Virginia Beach found that tidal
currents are rotary, with major elliptical axis nearly parallel to
the shoreline. These tidal currents produce a net southerly
current at depths of 8 to 15 meters. Ludwick postulates that
wave motion superimposed on this net southerly tidal current
produces a southerly flowing stream of sand about 5 km wide
off Virginia Beach (Inman and Dolan, 1989).
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Table 1. Raw-data matrix percentages.

SAMPLE ZIRCON SPHENE AMPHIBOLE EPIDOTE STAUROLITE PYROXENE GARNET
139 0.00 2.90 60.14 725 0.00 13.77 15.94
140 4.14 414 4793 592 473 12.43 20.71
141 3.27 1.96 47.06 4.58 0.65 14.38 28.10
142 0.60 1.80 56.29 5.99 3.59 10.78 20.96
143 0.00 2.65 4834 397 0.00 17.22 2781
144 1.72 345 55.75 5.17 287 13.79 17.24
145 6.94 7.5 2424 448 8.22 5.71 43.57
146 1.16 1.16 56.98 C 465 291 13.95 19.19
147 1.39 1.39 61.11 6.25 2.08 1597 11.81
148 0.56 0.56 56.50 4.52 4.52 22.60 - 10.73
149 3.52 493 58.45 563 0 282 7.5 16.90
150 240 3.59 55.09 240 5.99 19.16 11.38
151 14.86 16.57 17.71 5.14 4.00 1.14 40.57
152 6.67 278 36.67 222 4.44 17.22 30.00
153 1.40 490 42.66 490 3.50 , 6.29 36.36
154 0.58 347 5376 . 405 - 347 21.97 12.72
155 403 6.71 36.24 3.36 537 7.38 3691,
156 235 1.76 51.76 4.71 2.35 14.71 2235
157 5.00 6.88 35.62 6.25 2.50 . 6.25 37.50
158 221 442 52.49 497 442 14.36 17.13
159 3.57 5.36 36.31 6.55 . 298 417 41.07
160 5.26 468 48.54 .02 5.26 : 14.62 14.62
161 11.80 435 32.30 12.42 435 ' 6.21 28.57
162 0.58 231 59.54 8.67 0.58 1850 9.83
163 1.35 0.68 52.03 676 . 541 743 2635
164 1.16 347 47.40 4.62 405 30.64 8.67
165 11.26 11.26 41.06 795 4.64 596 17.88
166 1.69 2.81 56.18 5.62 449 - 23.60 5.62
168 0.00 3.64 55.15 545 o364 2545 6.67
169 2.60 260 4935 9.09 2.60 5.84 2792
170 1.73 4.05 50.87 5.78 231 2428 10.98
171 18.07 9.04 24.70 9.04 17.47 : 5.42 16.27
172 7.82 8.38 35.20 7.82 6.15 25.14 9.50
173 2.70 3.38 4797 13.51 4.05 9.46 18.92
174 0.56 1.13 62.71 2.26 2.26 20.90 10.17
175 5.77 5.13 35.90 9.62 7.05 7.69 28.85
176 3.77 1.89 54.09 3.77 189 21.38 13.21
177 0.67 133 61.33 . 133 2.67 14.00 12.67
G30 6.66 0.61 48.48 3.03 0.61 10.91 29.70
G34 4.12 1.03 31.96 928 0.00 7.22 46.39
G41 4.55 1.51 42.05 12.50 0.00 15.15 2424
G45 0.47 0.00 42.72 14.55 0.00 19.72 22.54
G49 2.69 1.61 43.01 6.99 0.00 - 16.67 29.03
G58 3.77 2.15 41.93 9.14 0.00 15.59 2742
G59 9.50 1.60 37.40 7.40 0.50 14.70 28.90
G65 8.20 1.09 5464 10.93 2.19 14.21 : 8.74
G71 495 1.10 4451 12.64 0.55 17.57 18.68
G8s4 4194 1.61 17.20 10.22 3.22 4.84 20.97
G100 13.61 1.18 26.63 17.16 4.14 7.10 30.18
Gl 2.87 1.64 47.13 7.38 0.00 16.39 ‘ 24.59

G2 6.30 1.00 40.80 6.80 0.00 18.00 27.20



PUBLICATION 103 - 103

Table 1. (continued).

SAMPLE ZIRCON SPHENE AMPHIBOLE EPIDOTE STAUROLITE PYROXENE GARNET

G3 2.30 0.90 ~.45.60 11.20 0.00 17.20 22.80
G4 490 . 1.00 4380 940 0.00 17.70 2320
G35 3.44 2.59 49.57 7.76 043 11.64 2457
G36 3.00 2.63 42.10 827 0.00 12.42 ' 31.58
G39 5.00 - 050 43.30 10.90 0.50 1140 28.40
G40 5.70 0.50 4240 10.90 1.00 - 12.90 ' 26.70
G57 5.90 1.00 4330 6.90 0.00 . 11.80 31.00
G60 1.69 042 50.21 8.01 0.00 18.57 - 2110
G61 2.60 2.16 45.89 11.25 0.43 15.59 . 22.08
G62 349 0.50 60.70 8.95 0.99 1144 13.93
Go64 5.00 2.00 52.00 8.50 0.50 14.50 17.50
G66 3.85 1.92 38.46 7.69 0.96 16.83 ~30.29
Go67 17.10 0.37 48.33 372 0.714 13.38 16.36
G73 490 2.86 43.26 9.39 041 17.96 : 2122
G74 6.50 0.44 48.92 6.06 0.86 11.25 2597
G75 29.71 - 085 30.12 544 2.09 8.79 23.00
G76 17.30 2.00 34.20 1140 0.00 1630 18.80
G78 33.47 042 2373 7.20 4.24 6.36 24.58
G28 2.20 0.90 52.60 9.20 0.90 8.80 2540
G33 3.20 - 090 42.30 11.70 0.40 8.10 33.30
G43 3.50 0.40 43.50 13.00 0.90 17.80 20.90
G47 340 140 45.70 8.60 0.50 13.00 2740
G48 8.60 0.00 34.40 8.10 0.50 9.60 - 37.80
G51 9.04 1.13 46.89 7.34 1.13 5.66 28.81
G53 1.50 0.00 49.50 12.60 0.50 1210 - 23.80
G68 8.50 1.00 58.50 15.00 0.00 450 12.50
G71 11.34 2.57 50.00 12.37 3.10 3.10 17.52
G79 13.10 1.40 50.50 10.20 1.00 - 780 16.00
G82 30.60 1.60 25.90 6.70 1.60 3.60 ~30.00
G86 12.30 1.90 41.50 9.40 240 : 10.40 22.20
G87 25.83 © 110 34.07 8.24 2.20 3.84 24.72
G89 428 2.14 51.70 8.11 256 - 11.97 19.24
G93 31.60 0.00 2710 3.03 3.03 4.74 29.90
G95 12.74 1.12 4120 749 412 487 28.46
G98 31.60 - 1.00 18.10 9.80 1.00 - 6.70 31.60

G101 1.80 0.00 46.10 16.00 - 0.50 13.20 22.30

W
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Table 2. Location and sample composition in terms of factors for the 3-factor solution; negative values were converted to zero
before contouring. Factor composition sums may not equal 100 because of rounding.

SAMPLE LATITUDE LONGITUDE FACTOR 1 FACTORII FACTOR I
139 37.06.8 75.58.5 78 2 25
140 37.06.0 75.58.8 62 7 32
141 37.05.7 76.00.2 55 2 43
142 37.049 75.592 68 -1 33
143 37040 75.58.9 59 -4 46
144 37.05.0 75.58.2 73 1 26
145 37.039 75.57.1 12 11 78
146 37.04.7 75.56.9 72 0 29
147 36.564 76.02.6 83 1 16
148 36.55.6 75.59.5 86 0 13
149 36.56.6 75.59.3 71 5 24
150 36.574 75.59.0 82 4 14
151 36.58.5 75.58.6 0 30 70
152 36.59.4 75584 44 10 46
153 37.00.3 75.58.2 40 2 62
154 37.01.2 75578 82 0 18
155 37.02.0 75.57.6 33 3 64
156 37.029 755173 65 2 34
157 37.02.8 76.00.1 31 5 64
158 37.019 76.00.9 71 3 26
159 37.01.0 76.01.8 28 2 70
160 37.00.0 76.02.6 70 11 19
161 36.59.0 76.03.4 33 24 43
162 36.58.1 76.04.2 87 0 13
163 36.57.1 76.05.1 58 0 42
164 36.56.2 76.06.0 89 2 10
165 36.55.2 76.06.8 52 24 24
166 36.572 76.09.0 93 4 3
168 36.59.0 76.10.8 94 0 7
169 36.59.7 76.09.2 53 2 45
170 37.004 76.079 83 3 14
171 37.012 76.06.4 34 51 15
172 37.01.8 76.05.1 71 22 7
173 37.025 76.03.7 63 6 31
174 37.034 76.02.1 89 0 12
175 37.04.2 76.00.7 40 11 49
176 37.05.3 76.02.2 79 6 15
177 37.05.0 76.03.6 82 0 18
G30 37.26.64 75.36.13 51 8 41
G34 37.22.64 75.38.84 21 2 77
G41 37.06.56 75.47.70 54 8 38
G45 37.08.46 75.44.32 62 0 39
G49 37.13.68 754281 52 1 47
G58 37.00.49 75.53.23 52 4 44
G359 36.55.63 75.52.89 43 16 41
G65 36.51.15 75.54.85 77 17 5
GT1 36.44.41 75.51.51 63 10 27
G84 36.34.10 75.48.76 12 88 0
G100 36.41.05 754794 25 30 45

Gl 37.03.03 75.51.69 59

N

38
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Table 2. (continued).

SAMPLE LATITUDE LONGITUDE FACTORI FACTOR II FACTOR 1III
G2 37.03.55 75.52.19 51 9 40
G3 37.05.99 75.50.49 61 3 36
G4 37.07.85 75.48.65 58 8 34
G35 37.07.22 75.51.55 59 4 38
G36 37.07.90 75.50.64 46 2 52
G39 37.07.30 75.48.49 49 7 44
G40 37.06.97 75.48.04 50 9 41
G57 37.03.10 75.53.31 46 7 46
G60 36.55.60 75.55.39 67 1 32
G61 36.53.16 75.56.46 61 3 35
G62 36.52.81 75.58.36 76 6 18
Go64 36.51.56 75.57.18 68 8 24
G66 36.49.52 75.55.56 46 4 49
G67 36.48.51 75.49.83 59 31 10
G73 36.44.82 75.53.83 60 8 32
G74 36.45.26 75.56.16 55 9 36
G75 36.41.88 75.52.33 30 57 13
G76 36.40.31 75.53.22 47 37 16
G78 36.37.99 75.50.39 20 67 13
G28 37.26.07 75.33.01 59 1 40
G33 37.2345 75.38.55 43 3 55
G43 37.07.97 75.41.73 61 6 33
G47 37.10.31 75.45.44 53 3 43
G48 37.13.09 75.44.71 30 13 58
G51 37.16.37 75.43.30 47 14 40
G53 37.17.95 75.42.15 61 1 38
G68 36.43.16 75.49.55 70 17 13
G77 36.38.42 75.52.75 57 22 20
G79 36.34.72 75.51.73 60 25 15
G82 36.34.36 75.50.05 17 58 25
G86 36.32.70 75.46.39 49 24 27
G87 36.33.17 75.48.56 31 49 20
G89 36.33.42 75.49.84 65 7 28
G93 36.39.38 75.39.29 19 58 23
G95 36.39.82 7541.54 40 23 37
G98 36.40.41 75.44.47 08 63 28

G101 36.43.32 75.55.21 60 3 37



106 VIRGINIA DIVISION OF MINERAL RESOURCES

Table 3. Composition of end-members (factors) from the 3-
factor solution

FACTOR1 FACTOR I FACTOR III
sample 166 sample G84 sample 145
64% amphibole 47% zircon 57% gamnet
22% pyroxene  23% garnet 24% amphibole

8% epidote 11% amphibole 8% epidote

3% garnet 9% epidote 5% sphene
2% staurolite 6% staurolite 4% zircon

1% sphene 3% sphene 2% staurolite
-.1% zircon 1% pyroxene 1% pyroxene

Factor II is comprised primarily of zircon, garnet, and
amphibole and is a more stable mineral assemblage. It is
important (o visualize the extreme differences in gradients
along the inner shelf as well as the middle bay (Figure 3). The
highest composition loading values are found south of the
bay’s mouth with a small area of slightly lower values located
in the lower bay. Factor II probably represents reworked de-
posits of Pleistocene age.

Results of other studies compiled by Berquist (1986)
showed that zircon is abundant in ancient coastal plain sedi-
ments. Swift and others (1977) have shown through seismic
data and vibratory coring that older sediments are exposed on
the inner shelf commonly in the troughs of the sand ridges.
Recent seismic data provided by Hobbs (this volume) and

side-scan sonar results obtained by Green (1986) shows that -

south of the bay mouth older sediments crop outin the troughs
of sand ridges and at other places.

Some of our samples with high concentration of factor IT
are located in the vicinity of older (Pleistocene?) sediments.
The high concentrations of zircon found in Firek’s and
Berquist’s data in samples from the lower bay can be ex-
plained by the reworking of the older sediments and erosion
of the nearby shoreline. Colman and others (1988) showed
that, south and west of the Chesapeake channel, a thin layer of
modem sediment covers an irregular Tertiary surface. We
believe the two areas of high concentration are related only in
that they involve reworking of the older sediments. Gradients
do not indicate sediment transport between the two areas.

Factor III is comprised primarily of garnet, amphibole,
and some epidote and is also an unstable mineral assemblage.
FactorIIl concentration gradients show trends similar to those
shown by previous studies (Figure 4). Firek and others (1977)
reasoned that erosion of the east side of Delmarva Peninsula
(asource of garnet) was a source of sediment to the bay mouth
province. Berquist’s (1986) factor I was comprised of the
same components (garnet, amphibole, and epidote) as our
factor III. Goodwin and Thomas (1973) studied the 0- to-4 phi
(1.00 to 0.0625mm) fraction and found high concentrations
of gamnet, hornblende, and epidote on the shelf between As-
sateague Island and the Chesapeake Bay mouth. Studies done
by Swift and others (1971) also support the idea of the shelf

asasource of garnet. Our plot of factor ITI (Figure 4) suggests
an influx of sediment into the bay from the inner shelf off the
Eastern Shore, the concentrations decreasing towards the bay.

CONCLUSIONS

The results of this study in the northern section of the bay
mouth are consistent with those of Berquist (1986) and Firck
(1975). However, the influx of sediment into the bay from the
inner shelf is not evident in the southern part of the bay mouth
especially around Cape Henry. Three end-members define
three sediment sources around the Chesapeake Bay mouth
and nearby inner continental shelf. Factor I represents a
source from inside the bay where the percent composition
decreases towards the bay mouth. Factor II shows the influ-
ence of two older sediment sources (possibly Pleistocene),
one inside the bay and the other south of the bay mouth on the
inner shelf. The gradient patterns do not suggest sediment
transport between the inside and outside of the bay. Factor I11
represents a source located to the north, along the Eastern
Shore, and is in agreement with other studies in the northern
part of the bay mouth,

The gross sediment transport patterns based on the min-
eral compositions shown in our work are not entirely consis-
tent with the general model of sediment transport for estuar-
ies. If our defined transport pathways reflect active move-
ment of sand-sized materials, then the generalized models of
sediment transport based solely on current studies are insuf-
ficient to explain our observations. This suggests a need for
more detailed studies in sediment transport that consider
spatial variability of bottom types (roughness and sediment
composition) and flow regimes. Wright and others (1987)
showed that the lower bay and inner shelf are characterized by
appreciable spatial variability in both bottom types and ben-
thic flow regimes, which are key factors in controlling the
shear stress on the bottom and consequently sediment trans-
port processes.
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ABSTRACT

Major oxide, multi-element and electron-probe point-
count analyses were made on the magnetic fractions of eight
samples and on 34 bulk samples from 390 offshore heavy-
mineral samples. The results of the analyses were tabulated
without interpretation.

INTRODUCTION

Gross mineralogic compositions of heavy minerals were
determined by optical examination of 390 samples acquired
from the continental shelf off Virginia and the entrance to the
Chesapeake Bay (Berquist and others, 1990). From these
samples geochemical analyses were made on the magnetic
fractions of eight samples and on 34 bulk samples (Figures 1

and 2) to enhance the description of offshore minerals.
Location coordinates and optically determined compositions
of the samples are found in Berquist and others (1990).
Anomalously high concentrations of certain elements may
indicate optically overlooked, rare, and economically impor-
tant minerals; for example, anomalously high concentrations
of the rare-earth element yttrium could indicate the presence
of the mineral xenotime.

The analytic scheme developed not only provides chemi-
cal data but also permits comparison of element concentration
with mineralogic composition. Although the opportunities
for finding composition-chemical relationships in the data by
statistical or mathematical methods is recognized, the chemi-
cal results are presented without interpretation.

Two analytical methods were both used on two groups of
samples. Bulk samples and magnetically separated fractions
of bulk samples were selected to be analyzed by "standard”

1Virginia Department of Mines, Minerals and Energy, Division of Mineral Resources, Charlottesville, Virginia 22903
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multi-element (and major-oxide composition) methods and
by point-counting with an electron probe. Table 1 shows the
selected samples and the applied procedures.

Figure 2. Location of land samples; top map - Emporia 7.5-
minute quadrangle; bottom map - Cherry Hill 7.5-minute
quadrangle.

SAMPLE SELECTION

A brief explanation of the method used to (label) differ-
ent bulk and magnetic fractions of samples is given here
although the method is described in detail by Grosz and others
(1990). The heavy minerals recovered from the processing of
sediment samples were divided into three portions. A 12.5
percent portion designated for analytical analysis had the
sample identification number suffixed by "-AA". Another
12.5 percent portion was archived and labeled with the suffix
"-209"; this means the" -AA" and "-209" identify replicates of
the same sample, as listed in the Appendices. The remaining
75 percent of the recovered heavy minerals were split into six

Table 1. Selected samples and applied procedures. The
"7051" series samples are from an economic mineral deposit
onland (Berquist, 1987). Samples "85" "STA-54" and "STA-
94" are offshore grab samples. 1=multi-element and major
oxides, 2 = probe point-count.

MAGNETIC FRACTIONS

BULK SAMPLE
OF SAMPLE

SAMPLE 1 2 1 2
c21 X
C3-2 X
c3:3 X
C6-3 X
C8-2 X X X
C10-3 X
c104 X
cl14 X
c12-3 X
C124 X
Cl14-3 X
Cl4-4 X
c17-2 X
c174 X
C17-5 X
C26-3 X
C29-1 X X X X
323 X
C371 X
C43-3 X
Ca4-1 X b'¢
HOL-1 X
HO1-2 X X X X
HO1-3 X X X X
1091-1 X X
11321 X
11341 X X X
11342 X
11361 X
7051-3 X X
7051-6 X b'd
STA-54 X b'd
STA-94 X
85 X X X X

magnetic fractions based on mineral magnetic susceptibility;
sample (label) suffixes ranged from" -203" for the most
magnetic fraction to" -208" for the least magnetic fraction.
Several criteria guided the selection of samples for analy-
sis. Representative.coverage over the entire inner continen-
tal shelf was desired. Because economic potential is normally
based on core data, most of the selected samples are from
vibracores identified as containing economic concentrations
of minerals (Berquist and others, 1990, Appendix V). An-
other requirement was that there be enough material to ana-
lyze (20 grams of sample was needed for multi-element
analysis). Many samples could not be tested because we
recovered less than 20 grams of heavy minerals. Three grab
samples were chosen as well as sections comprising one entire
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core ("HO1" series). Finally, samples ("7051" series) repre-
sentative of heavy minerals from deposits on land (Berquist,
1987) were included for comparison.

ANALYTICAL ANALYSES
MULTI-ELEMENT METHOD

Chemical analyses for 50 elements was done by Nuclear
Activation Services, Inc. Four analytical techniques were
used: direct current plasma emission spectrometry, X-ray
fluorescence spectrometry, atomic absorption, and neutron
activation. Certain rare-earth and actinide clements were
detected by neutron activation. An intermediate or "explora-
tion" grade was specified for detection limits. Resulting con-
centrations were on the order of percentages for major oxides
and parts per million for minor elements.

Appendices I and II show results of major-oxide and
multi-element analysis methods of bulk samples. Appendices
IIT and IV show results of the analysis of the magnetic
fractions of samples.

PROBE POINT-COUNT METHOD

Three-hundred grain point-counts were made with an
electron probe by CARPCO, Inc. Minerals were identified by
computer analysis of probe data through the use of proprietary
software. An advantage of this method is the subdivision of
ilmenite and leucoxene on the basis of TiO, concentration.
Furthermore, the rare mineral xenotime and monazite were
found in several samples. Appendices V and VI show results
of this method on the bulk and magnetic fractions, respec-
tively.
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APPENDIX 1

MAJOR OXIDE ANALYSIS OF BULK SAMPLES (weight percent)

Abbreviations for all appendices: AVG = average; STD = standard deviation; MAX = maximun value;
MIN = minimum value; LOI = loss on ignition.

% % % % % % % % B % B % %
SAMPLE  SiO, ALO, CaO MgO NaO K,0 Fe0, MnO Cr,0, TiO, P, LOI SUM
C21-AA 2940 926 671 436 0.4 037 2450 0.76 0.10 1610 087 -046 9271
C 3-2-AA 4110 853 545 226 105 047 1930 079 0.08 1350 067 -0.01 93.19
C 3-3-AA 3460 873 623 347 089 046 2240 072 0.19 1450 088 -0.69 9238
C 6-3-AA 2870 859 913 379 074 037 2730 101 006 1110 138 154 93.71
C 8-2-AA 2820 871 815 348 079 036 2990 114 0.07 1180 116 -046 9330
C 82209 2820 880 775 433 064 042 2970 065 006 1170 123 -046 93.02
C10-3-AA 3750 811 795 327 086 046 2450 084 006 9.17 103 0.62 9437
C104-AA 3850 802 796 326 090 049 2370 078 005 877 098 1.69 95.10
C11-4-AA 4070 888 707 296 093 041 2200 087 007 1230 089 -001 9707
C12-3-AA 2980 771 665 276 072 024 3550 140 0.09 1260 095 -046 97.96
C12-4-AA 2900 726 637 248 076 027 3550 136 0.09 12.80 094 -046 9637
C143-AA 3380 856 1010 4.11 080 046 2400 078 007 847 133 169 9417
C14-4-AA 3000 840 975 370 075 038 2770 093 008 9.80 144 0.62 93.55
C172-AA 3620 8.00 806 3.13 100 044 2570 086 008 919 110 0.62 9438
C17-4-AA 2960 870 997 411 063 036 2760 097 008 949 146 046 9343
C17-5-AA 2000 805 989 401 073 036 27.70 094 008 9.76 136 1.69 93.57
C26-3-AA 27.10 795 815 344 064 032 2960 107 007 1270 125 138 9367
C29-1-AA 1840 732 408 207 053 017 3130 139 0.13 29.20 035 -046 9448
C32-3-AA 2120 785 528 204 069 023 2870 114 0.1 2330 085 -0.15 9124
C37-1-AA 3100 877 827 350 081 040 2470 098 008 13.00 118 031 93.00
C43:3-AA 2630 857 704 455 066 039 2570 081 0.11 17.60 114 -030 9257
C44-1-AA 2940 948 863 476 061 043 2550 0.67 0.10 1290 136 030 93.54
85-AA 1780 550 235 200 076 0.17 3100 096 009 3150 026 -0.84 9L55
1091-1-AA 3120 9.16 7.74 445 066 047 2370 0.68 0.11 1440 111 015 93.53
1132-1-AA 22,10 691 4387 329 062 026 3460 078 008 17.60 072 -1.07 90.76
1134-1-AA  21.10 685 436 305 066 024 3560 082 008 1890 065 -138 90.93
1134-2-AA 2140 653 466 299 064 024 3670 079 008 1740 078 -107 91.14
1136-1-AA 2570 725 539 332 075 033 3310 074 007 1570 083 -0.92 9226
7051-3-AA 1090 477 007 078 1.14 003 1850 0.69 005 4620 0.13 131 84.57
7051-6-AA 1270 7.84 009 0.88 105 003 17.80 0.76 006 43.00 0.16 0.85 8522
HOI-1-AA 3230 957 6.10 455 071 045 2450 069 007 1480 050 -0.53 9371
HO1-2209 3500 927 7.36 452 078 050 2440 063 009 1150 0.88 -0.30 94.63
HOI-2-AA 3270 878 693 427 073 047 2600 065 006 1220 088 -038 93.29
HO1-3-200 4690 7.65 561 324 096 066 2040 050 009 931 067 023 9622
HOI-3-AA 4690 7.72 565 326 1.00 066 2030 050 005 928 068 0.23 9623
STA-54-200 24.80 940 487 392 059 027 2540 0.84 0.08 21.50 031 -0.61 9137
STA-54-AA 2480 947 501 304 0358 023 2740 121 110 21.50 027 -001 94.60
STA-94-AA 30.60 9.66 7.6 420 085 039 23.80 104 000 1450 0.65 -0.15 92.80
AVG 2042 810 652 332 078 036 2679 086 008 1592 090 005 93.12
STD 821 106 241 103 015 014 504 022 003 885 036 085 264
MAX 4690 9.57 10.10 476 1.14 066 3670 140 0.19 4620 146 1.69 97.96
MIN 1090 477 007 008 053 003 1780 050 005 847 0.13 -1.38 8457
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APPENDIX V
ELECTRON PROBE POINT-COUNT ANALYSIS OF BULK SAMPLES
The definition of mineral abbreviations are: LCX = leucoxene; SCND IL = secondary ilmenite; MAGNTITE = magnetite;
AL SILCATE = alumino-silicate minerals (kyanite, sillimanite...); STAUR = staurolite; TOURM = tourmaline; PYROX =

pyroxene; AMPHBOL = amphibole; KSPAR = potassium feldspar; PLAG = plagioclase feldspar; DOLMITE = dolomite;
CROMITE = chromite. Mineral concentrations are in weight percent. o

HILCX LOLCX PRIIL SCNDIL Ti

85-99%  65-85% 57-65%  <57% MAGNTITE - FE :
SAMPLE RUTILE TiO, TiO, TiO, TiO, <5%TiO, OXIDE QUARTZ
C-2-1 1.8 28 14 6.4 211 0.0 04 2.1
C-8-2 15 1.1 0.7 2.1 174 1.8 82 24
C-29-1 1.8 0.7 31 303 17.6 0.8 0.8 22
C44-1 34 0.7 22 8.7 11.7 205 4.1 1.2
85 24 23 33 29.6 244 0.4 12 47
1091-1 3.0 0.7 0.4 13.2 15.7 - 09 2.7 38
1134-1 23 03 2.0 8.7 27.7 1.2 13.7 - 1.0
7051-3 49 164 27.6 21.2 22 0.0 0.0 1.0
7051-6 9.5 14.7 12.1 27.8 32 0.0 0.0 04
HO1-1 1.5 0.4 32 10.4 18.8 0.0 53 6.0
HO1-2 37 0.0 0.7 5.7 17.5 0.5 5.0 6.1
HO01-3 2.5 0.0 0.8 4.5 12.1 0.5 7.0 233
STA-54 2.1 1.7 1.4 19.6 18.5 0.0 04 24
AVG 3.1 32 4.5 14.5 16.0 0.5 38 44
STD 22 55 7.6 10.0 73 0.6 4.1 6.0
MAX 9.5 164 27.6 303 277 1.8 13.7 233
MIN 15 0.0 0.4 2.1 22 0.0 ; 00 - 04
Appendix V, (continued)
PYROX
Al +
SAMPLE ZIRCON MONAZITE SILCATE SPINEL GARNET STAUR TOURM  AMPHBOL
C-2-1 74 13 14 04 13.1 1.6 0.5 284
C-8-2 4.0 0.0 1.1 0.0 14.0 0.3 08 335
C-29-1 49 0.0 08 0.0 79 15 1.0 19.6
C-44-1 2.0 0.9 1.1 0.0 13.0 03 14 363
85 8.0 0.8 1.0 0.0 6.9 1.5 0.2 8.3
1091-1 1.6 04 1.1 0.0 12.2 1.0 22 309
1134-1 9.6 0.0 02 0.0 13.0 1.7 0.0 12.6
7051-3 22.1 0.0 1.0 0.0 0.0 37 0.0 0.0
7051-6 230 04 19 0.0 0.0 6.7 0.2 0.0
HO1-1 6.7 0.0 03 0.0 132 13 1.1 25.1
HO01-2 5.6 0.0 0.8 0.0 142 0.6 03 30.0
HO01-3 35 00 03 00 76 0.7 03 24.5
STA-54 9.0 04 1.0 0.0 15.8 15 13 17.0
AVG 83 03 09 0.0 10.1 1.7 0.7 20.5
STD 6.8 04 0.5 0.1 52 1.7 0.7 12.2
MAX 230 13 19 0.4 15.8 6.7 22 36.3

MIN 1.6 0.0 0.2 0.0 0.0 0.3 0.0 0.0




120 VIRGINIA DIVISION OF MINERAL RESOURCES

Appendix V, (continued)

SAMPLE KSPAR PLAG DOLMITE APATITE EPIDOTE SPHENE CROMITE SUM
C-2-1 02 02 0.0 1.9 52 1.7 0.0 99.3
C-8-2 0.0 1.0 0.2 14 5.1 3.0 0.0 99.6

C-29-1 0.0 04 04 2.1 33 03 04 99.9
C44-1 0.0 0.7 0.0 34 6.0 2.1 0.0 99.7

85 04 04 0.0 0.0 2.7 1.1 04 100.0
1091-1 0.2 0.9 0.6 25 42 1.5 0.0 99.7
1134-1 0.0 04 0.0 0.2 3.7 0.8 04 99.5
7051-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.1
7051-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 99.9
HO1-1 0.2 12 0.6 14 29 03 0.0 99.9
HO1-2 02 14 0.2 22 3.8 1.5 0.0 100.0
HO01-3 1.0 7.0 1.1 03 26 0.3 0.0 99.9

STA-54 0.2 0.7 0.2 0.8 50 0.8 0.0 99.8

AVG 0.2 1.1 0.3 12 34 1.0 0.1 99.8

STD 03 1.8 03 1.1 1.8 09 0.2 0.2

MAX 10 7.0 1.1 34 6.0 3.0 04 100.1

MIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 99.3

Appendix V, (continued)

SAMPLE  OTHER MINERALS

C-2-1 4% XENOTIME, .2% MUSCOVITE
C-8-2 3% BIOTITE
C-29-1 2% MUSCOVITE
C-44-1
85
1091-1
1134-1 3% OLIVENE
7051-3
7051-6
HO1-1 2% MUSCOVITE
HO1-2
HO1-3
STA-54
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Mineral abbreviations are explained in Appendix V.
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HILCX LOLCX PRIIL SCNDIL Ti
85-99%  65-85%  57-65%  <57% MAGNTITE FE
SAMPLE RUTILE  TiO, TiO, TiO, TiO,  <5%TiO, OXIDE  QUARTZ
8-2203 0.0 03 0.0 6.9 327 1.1 49.3 0.0
204 0.0 0.4 0.7 14.9 26.1 18 5.3 0.2
205 00 09 04 14 0.0 0.0 0.0 11
206 9.7 6.2 08 0.0 0.0 0.0 0.0 58
207 229 2.0 0.0 0.0 0.0 0.0 0.0 43
208 7.0 04 0.0 0.0 0.0 0.0 0.0 10.3
29-1-203 0.0 0.0 0.8 203 44.4 24 273 0.0
204 00 0.0 2.7 39.1 408 2.6 0.0 0.4
205 0.0 1.1 79 114 4.7 0.0 0.0 0.7
206 5.3 5.2 3.6 18 09 0.0 00 2.0
207 29.4 5.1 0.0 0.0 0.0 0.0 0.0 7.0
208 13.2 0.0 0.0 0.0 0.0 0.0 0.0 8.1
85203 0.0 0.0 03 422 48.1 0.0 8.7 0.2
204 00 0.6 0.9 532 39.1 0.4 0.0 04
205 1.1 14 32 304 56 0.0 0.0 0.7
206 3.2 6.7 24 0.9 0.0 0.0 0.0 15
207 44.4 22 0.0 04 0.0 0.0 0.0 7.7
208 0.0 10.7 0.0 0.0 0.0 0.0 0.0 220
1134-1-203 0.0 0.0 0.0 2.7 189 6.8 69.9 0.2
204 00 0.7 23 14.9 387 49 2.1 0.2
205 16 2.0 2.0 0.4 0.0 0.0 0.5 0.8
206 1.5 6.9 0.8 0.0 0.4 0.0 0.0 4.7
207 25.1 15 0.0 0.0 0.0 0.0 0.0 45
208 89 0.0 0.0 0.0 0.0 0.0 0.0 2.7
HO01-2-203 0.0 0.0 0.6 8.6 416 2.5 44.3 0.0
204 0.0 0.7 1.0 17.3 46.1 33 24 0.6
205 08 038 17 09 0.0 0.0 05 0.0
206 3.8 3.3 038 0.0 0.0 0.0 0.0 45
207 19.9 4.0 0.0 0.0 0.0 0.0 0.0 9.9
208 48 0.0 0.0 0.0 0.0 0.0 0.0 36.0
HO1-3-203 0.0 03 03 11.0 46.7 24 37.1 0.4
204 00 03 17 17.4 4538 0.8 2.1 13
205 0.0 0.0 23 52 13 0.0 0.5 0.7
206 13 0.9 17 05 0.0 0.0 0.0 19
207 7.1 3.9 0.4 05 0.0 0.0 0.0 238
208 1.0 0.0 0.0 0.0 0.0 0.0 0.0 54.4
AVG 6.1 19 1.1 8.4 134 0.8 6.9 6.1
STD 102 2.6 16 135 19.1 16 16.7 113
MAX 44.4 10.7 7.9 53.2 48.1 6.8 69.9 54.4
MIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Appendix VI, (continued)

PYROX
Al +

SAMPLE ZIRCON MONAZITE  SILCATE SPINEL  GARNET STAUR TOURM AMPHBOL
8-2203 0.3 0.0 0.0 03 18 0.0 0.0 6.9
204 0.0 0.0 0.0 0.0 6.8 0.0 0.0 425
| 205 05 1.0 03 0.0 0.0 0.8 22 774
206 14 1.0 0.6 0.0 0.0 0.0 24 41.1
207 6.0 0.0 3.0 0.7 0.0 0.0 0.0 158
208 39.9 0.0 49 0.0 0.0 0.0 0.0 2.6
29-1203 0.0 0.0 0.0 0.0 0.3 0.0 0.0 26
204 10 0.0 0.0 0.0 42 0.0 0.0 9.0
205 0.4 0.0 0.0 0.0 76 4.7 2.0 449
206 2.6 19 0.0 04 20 74 103 26.7
207 44 0.9 42 0.0 0.0 0.0 2.9 183
208 584 0.0 8.8 0.0 03 0.0 0.0 13
85-203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02
204 1.3 0.0 0.2 0.0 0.6 0.0 0.0 3.0
205 3.1 17 03 0.0 129 2.8 03 313
206, 2.2 8.1 0.0 0.0 0.8 11.1 6.1 339
207 11.0 14 6.3 0.3 0.0 0.0 1.1 12.8
208 544 0.0 8.4 0.0 0.0 0.0 03 1.1
1134-1203 03 0.0 0.0 0.0 0.0 0.0 0.0 0.4
204 00 0.0 0.0 0.0 9.3 0.3 0.0 256
205 438 34 0.3 0.0 48 49 2.7 58.5
206 2.5 2.8 0.9 0.0 04 0.7 14 39.1
207 14.6 0.5 2.3 0.4 0.0 0.0 0.5 16.7
208 722 0.0 2.7 0.0 0.0 0.0 0.0 02
HO1-2-203 0.0 0.0 0.0 03 0.0 0.0 0.0 15
204 0.0 0.0 0.3 0.0 79 0.0 0.7 19.1
205 14 1.0 0.0 0.0 9.5 1.5 1.5 737
206 09 40 0.0 0.0 04 3.6 3.7 422
207 30 0.0 18 0.0 0.0 0.0 15 215
208 279 0.0 4.8 0.0 0.0 0.0 0.0 03
HO01-3-203 0.0 0.0 0.0 03 03 0.0 0.0 0.9
204 00 0.0 0.0 0.0 47 06 02 242
205 04 0.0 0.0 0.0 128 24 0.0 70.7
206 0.0 1.0 0.0 0.0 1.7 3.0 1.6 67.0
207 29 1.1 0.0 0.0 0.0 0.8 19 226
208 11.7 0.0 1.1 0.0 0.0 0.0 0.0 0.7
AVG 92 0.8 14 0.1 2.5 12 12 238
% STD 182 16 2.4 02 3.9 24 2.1 235
l MAX 722 8.1 8.8 0.7 129 11.1 10.3 77.4

|

MIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
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SAMPLE KSPAR PLAG DOLMITE APATITE EPIDOTE SPHENE CROMITE SUM
8-2-203 00 0.0 0.0 0.0 0.0 0.5 0.0 100.1
-204 0.0 0.0 0.0 03 0.0 0.6 04 100.0

-205 0.0 1.1 0.0 03 11.1 14 0.0 99.9

=206 0.0 34 07 1.6 6.0 18.0 0.0 98.7

-207 0.0 0.3 1.6 10.2 0.3 30.1 0.0. 972

208 00 24 0.7 26.9 0.0 49 0.0 100.0
29-1-203 0.0 0.2 0.0 0.0 0.2 0.0 1.5 100.0
-204 0.0 0.0 0.0 0.0 0.2 0.0 0.0 100.0

205 00 0.5 0.0 0.0 135 0.6 0.0 100.0

-206 0.0 0.5 0.0 0.0 284 0.6 04 100.0

207 09 0.9 21 19 74 14.7 0.0 100.1

208 04 0.7 2.8 43 0.0 1.7 0.0 100.0 :
85-203 0.0 0.0 0.0 0.0 0.0 0.0 0.3 100.0
204 00 0.0 0.0 0.0 0.0 0.0 03 100.0

205 0.0 0.0 0.0 0.0 5.2 0.0 0.0 100.0

206 0.2 0.5 0.0 0.0 21.7 0.6 0.0 99.9

207 0.7 1.7 0.0 03 3.0 6.0 0.0 99.3

-208 1.6 0.2 04 0.0 0.0 0.9 0.0 100.0
1134-1-203 0.0 0.0 0.0 0.0 0.2 0.0 0.3 99.7
204 0.0 0.0 0.0 0.0 03 0.0 0.7 100.0

205 0.2 0.0 0.0 0.0 12.0 0.6 04 99.9

206 0.2 0.7 0.2 0.9 159 13.8 0.0 99.8

207 05 1.0 0.2 28 33 26.1 0.0 100.0

208 0.6 0.4 0.4 93 0.3 23 0.0 100.0
HO01-2-203 0.0 0.2 0.0 0.0 0.0 0.5 0.0 100.1
204 0.0 0.0 0.0 0.0 03 03 0.0 100.0

205 0.0 0.0 0.0 0.6 6.0 0.0 0.0 99.9

-206 0.0 1.3 0.0 0.3 26.8 3.7 0.0 - 99.3

-207 0.0 23 0.5 24 9.0 234 0.0 99.2

208 42 8.2 1.5 9.7 0.0 24 0.0 99.8
HO01-3-203 0.0 0.2 0.0 0.0 0.0 0.2 0.0 100.1
204 02 0.2 0.0 0.0 03 0.0 0.0 99.8

-205 0.0 0.0 0.2 0.0 3.1 03 0.0 99.9

206 0.8 22 0.0 0.0 15.5 03 0.0 99.4

207 1.1 6.7 12 1.7 7.1 14.1 0.0 96.9

208 48 17.8 28 33 0.0 24 0.0 100.0
AVG 0.5 1.5 04 2.1 55 4.7 0.1 99.7
STD 1.1 33 0.8 5.1 79 8.2 0.3 0.7
MAX 48 178 28 269 284 30.1 1.5 100.1
MIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 96.9
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Appendix VI, (continued)

SAMPLE  OTHER MINERALS

8-2-203
204
-205
-206 .3% OLIVENE, 1% PYRITE
-207 .6% OLIVENE, 2.3% PYRITE
-208
29-1-203
204
-205
-206
207
208
85-203
204
205
-206
-207 4% CORUNDUM, .3% OLIVENE
-208
1134-1-203 3% XENOTIME
-204
-205
206
207
-208
HO01-2-203
204
-205
-206 .3% OLIVENE, .3% CALCITE
-207 5% MUSCOVITE, .3% CALCITE
208 3% CALCITE
HO01-3-203
-204
-205
-206 .3% MUSCOVITE, .3% CALCITE
-207 1.8% MUSCOVITE, 1.4% CALCITE
-208



