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STUDY OF ECONOMIC HEAVY MINERALS OF TIlE
VIRGINIA INNER CONTINENTAL SHELF

C. R. Berquist, Jr.
and

C. H. Hobbs, ill

ABSTRACf

The Virginia Division of Mineral Resources and the Virginia Institute of Marine Science have been investigating the
occurrence of heavy minerals in the offshore sediments of Virginia over the past four years.- The U.S. Minerals Management
Service and the Subaqueous Minerals and Materials Study Commission, Commonwealth of Virginia, combined, provided over
$400,000 of funding for these studies. This is the fInal report to the Subaqueous Minerals and Materials Study Commission and
concludes 2 years of Commission supported studies.

The investigations were initiated because of high heavy-mineral concentrations reported from earlier reconnaissance
studies. Our work not only continns the previously reported mineral values but also has located additional high concentrations
of heavy minerals up to 37 kilometers offshore. Furthermore, we have shown that potentially economic mineral values are not
restricted to surficial sediments of the innercontinental shelf,butare foundin the upper4.5 to6 meters of shelf sediments at several
core-sampled localities.

Several samples from cores of potentially economic sediments were clustered offshore of Hog Island, Smith Island,
Virginia Beach, and False Cape. These areas are likely targets for future detailed studies for resource assessment. not only for
heavyminerals but also for sand to nourisheroding beaches. The high heavymineral concentrations suggest further investigations
are warrented. The current effort to investigate heavy-mineral resources offshore is in an area tl,1atcomprises only 3 percent of
the Exclusive Economic Zone off Virginia.

Samples are located along the en~ Atlantic coastline of Virginia and in the entrance to Chesapeake Bay, and nearly
all are within 9 kilometers of land. Three hundred and ninety large-volume samples were analyzed, 284 of which came from
vibracores; over 3 tons of sediment were processed. The total heavy mineral concentration of 78 samples equals to or is greater
than 5percenL Fifty-two samples have concentrations of one or more economic minerals equal toor greater than thresholdvalues
for land-based depositS(ilmenite 45%,leucoxene 5%, rutile 2%, zircon 5%, monazite 1%, and total heavy mineral concentration
5%; Garnar, 1978). The total heavy mineral concentration for all samples averaged 3.3 percent and the highest value was 14.7
percenL

Offshore sediments sampled by vibracores average about 5 meters thick and are probably Holocene in age. In places,
penetration into Pleistocene or Tertiary sediments is suspected because of oxidized sediment in the cores. Microfauna were not
studied. Analysis of side-scan sonar and seismic records covering 673 kilometers of trackline is continuing.

Procedures used to determine heavy mineral concentrations were designed to provide information helpful to mineral
industries. The average weight of samples was 7.2 kilograms. Samples from vibrocores were derived by processing 2-meter
(average) sections. Concentration of heavy minerals was done with a three-turn Humphry spiral and tetrabromoethane. The
heavy-mineral concentrate wasmagnetically subdivided into six fractions; themineral composition of each fraction wasestimated
by using transmitted- and reflected-light microscopes. The heavy-mineral composition of the sample was determined by
combining the analyses of the six fractions through the use of a computer spread-sheet progam.

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 sidescan sonar and subbottom prof11esurveys from April 1986 through September 1988
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on the inner continental shelf of Virginia. The project was funded by the U.S. Minerals Management Service (MMS) and the
Commonwealth of Virginia. Work performed with funding from the U.S. Minerals Management Service emphasized research
in theExclusive EconomicZone (EEZ) seawardof 5.6kilometers from land (the3nautical mile limit of Virginia territorial waters);
work done with funding from the Commonwealth of Virginia's Subaqueous Minerals and Materials Study Commission empha-
sized evaluation of resources within the Commonwealth's territorial waters. This report combines the results of the total effort
in describing the heavy mineral occurrences offshore of Virginia. This is a fmal report to the Subaqueous Minerals and Materials
Study Commission following their two years of funding. Over the past three years there have been several investigations of
offshore heavy minerals. The fIrst began with funding from MMS.

The Virginia Division of Mineral.Resources and the Virginia Institute of Marine Science entered into a cooperative
agreement with the Bureau of Economic Geology, University of Texas at Austin (the Bureau acting as agent for the Minerals
Management Service) and began a studyt in January 1985. Geophysical surveys (sidescan sonar and high-resolution shallow
seismic) were made and sediment samples were taken from offshore areas of reported high concentrations of heavy minerals
(Nichols, 1972;Goodwin and Thomas, 1973;Grosz and Escowitz, 1983). The project was supported by theMinerals Management
Service year-two program (1985) and with funds from Virginia Division of Mineral Resources and Virginia Institute of Marine
Science. Areport was delivered to the Minerals Management Service in early 1986,and the results were published by theVirginia
Division of Mineral Resources (Berquist and Hobbs, 1986).

Based on the 1986 data and surveys, the Subaqueous.Minerals and Materials Study Commission solicited and received
proposals from the Virginia Institute of Marine Science and the Virginia Division of Mineral Resources to expand the work
initiated with Minerals Management Service support. The Commission recommended a research program to the General
Assembly and the Governor (Subaqueous Minerals and Materials Study Commission Report, 1987). The Commonwealth
program to assess the heavy-mineral potential offshore of Virginia was funded for the period July 1986 through June 30,1988.

In January 1986, the Virginia Division of Mineral Resources and the Virginia Institute of Marine Scien~e began work
with Minerals Management Service year-three support (January 1986-December 1987). We obtained vibracores at several sites,
analyzedthecores for heavy minerals, and madegeophysical surveysof theseand additional sites. In April 1986,we acquiredcores
at Smith Island Shoals, within the Chesapeake Bay mouth, and east of Virginia Beach.

InJuly 1986,with the funding from the Commonwealth, materials were analyzed from existing cores and from 100new
grab and boxcore samples taken off theVirginia coast. We made geophysical surveys at thenew sample sites and recieved thirty-
fIvecores, taken from the Chesapeake Bay entrance, from the U.S Geological Survey. Both these and the Minerals Management
Service samples were processed and analyzed. The results of thiswork were published both as an interim report to the Subaqueous
Minerals and Materials Study Commission and as a fInal report to the Minerals Management Service for the year-three project
(Berquist and Hobbs, 1988).

With continued Commonwealth funding (second year), we took 50 new vibracores during the summer of 1987 from
offshore Assateague Island to North Carolina. The results of the previous years' efforts guided the selection of core sites. An
additional 510 kilometers of seismic and side-scan sonar data were collected off Virginia Beach. The Commonwealth's funding
supported research personnel at Virginia Institute of Marine Science, laboratory equipment and supplies, travel, research vessel
charges, and contracted services for core acquisition and sample preparation.

This report combines the results of the Minerals Management Service year-three project and the two years of Common-
wealth-funded efforts. The work included the analysis of 390 samples from core and surface grabs and the partial analysis of
records from 673 kilometers of geophysical surveys. Figure 1shows the locations of samples and geophysical track line~used
in this study,with the exception of the location of detailed geophysics from 1987 off Virginia Beach.

GEOPHYSICAL METHODS AND ANALYSIS

Introduction

The geophysical surveys for both the Commonwealth and Minerals Management Service projects included high-
resolution, shallow, seismic profIling and side-scan sonography were made on small areas. The Commonwealth survey provides
(acoustic) sttatigraphic information over broadareas. These datacombined with heavy-mineral concenttations were used to select
coring sites for the Commonwealth project during the summer of 1987.
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Field Instrumentation

Three instrument systems, a subbottom profiler, side-scan sonar, and a LORAN microprocessor were used to acquisre
the field data. The subbottom profiler is a Datasonics SBP-5000. This system consists of a Model SBT-220, two-channel, dual-
frequency transceiver, a Model TIV-220 towfish to carry the transducers, and the associated tow and electronics cables. The
system is used in conjunction with an EPC Model 3202 dual- channel, graphics recorder and/or an EPC 4800 three-channel
graphics recorder. Channell, the primary profiling channel, operates on anyone of a selectable set of 3.5,5.0, and 7.0 kHz
frequencies or one internally adjustable frequency at a power output that is variable up to a maximum of 12 kw. The frequency
for channel 2 is fIXed at 200 kHz and provides accurate bottom tracking and water depth below the tow vehicle. Channel 2 has
a maximum power output of 1 kw. The transceiver has amplifiers appropriate for a sophisticated acoustic system. The EPC 3202
and 4800 recorders are stan4a£d graphics recorders that produce a hard copy of the seismic data as it is obtained on electrostatic
paper. The adjustable sweep rate of the recorder sets the scale of the hard copy.

The EG&G Model SMS 960 is an advanced side-scan sonar that produces nearly planimetrically correct images of the
sea floor. The system uses a Model 272 towfish that transmits and receives a 105 kHz acoustic signal in an arc that is normal to
the tracldine. Dming the wode for this project, the system was set to scan 100 m each side of the towfish. The system's chart-
paper rate of advance is adjustable and is automatically scaled to the speed of the vessel. When operating in the 1oo-m half-width,
the image is set at a scale of 1: 1,000. As noted elsewhere in this report, the strength of the returned signal is indicative of the
character of the bottom. Strong returns, daIk areas on the record, result from bed forms and hard objects or sediments oriented
so as to reflect the acoustic signal directly toward the transducer. Light areas on the record result from poor backscatter caused
by absorption of the acoustic energy by fme-grained soft sediments or from shadow zones behind areas of relief.

An accurate and precise navigational system is necessary to create mosaics of the sidescan images, to determine the speed

of the ship over the bottom (to set the sidescan's chart speed), and to be able to return to specific sites. LORAN-C is the standard,
general-service navigational system for coastal waters. The microprocessor and peripheral additions allow instant calculations
of latitude and longitude (by proprietary software within the microprocessor), speed over the bottom, heading, and other
information. The LORAN-C coordinates (time delays) and the other data may be printed automatically on associated equipment,
or recorded on tapes or diskettes.

Individual Sites

The Smith Island grid (Figure 1) was the subject of an earlier report (Berquist and Hobbs, 1986) and will not be discussed
in detail. The sidescan mosaic of the Quinby grid (Figure 2) is nearly featureless. The only significant variation on the otherwise
uniform sonographs is caused by a topographically generated increase in return along the eastern portion of the grid. The seismic
profiles (Figures 3 a and b) indicate a relatively hard bottom because there is little penetration of the acoustic signal. In some
sections, there are indications that the surface layer of Holocene material over older sediments is approximately 5 meters thick.

The Wachapreague grid (Figure 1) is a little more informative. The interpretation of the sidescan data (Figure 4) shows
a number of features that generally follow the changes in bottom topography. The seismic profiles (Figure 5) also depict the bottom
topography. These data allow one to see the relationship between the sidescan imagery and the bottom morphology. Some of
the sidescan features, particularly those in the northwestern comer of the mosaic, however, do not appear to have a direct relation
to the topography. Instead, they may be related to the hardness of the bottom or the roughness of the bottom sediment:

Older stratigraphic units are exposed on the sea-bottom at the Wachapreague site. As determined from seismic data in
the northernmost line of the grid between fIXes 11 and 12, a separate stratigraphic unit occurs at the abrupt 2- to 3-m rise. Similar

relationships are evident throughout the area where profiles were obtained. Heavy-mineral concentrations in surficial samples
from this site could be representative of different subsurface strata.

A single track line offshore of Assateague and Chincoteague similarly shows that older strata are exposed on the sea-
bottom (Figure 6). The ridgelike features in the bottom topography in this area appear to be composed of discrete sedimentary
units.

The 1986reconnaissance seismic survey off Virginia Beach (Figures 7 and 8) shows several acoustic layers between 2
and 5m thick. Individual topographic features appear to be confmed to specific strata; unfortunately this resolution is not as clear
in other locations. Thus, surficial samples may be representative of different sub-surface strata, and this would not be known
without clearly defined seismic stratigraphy.

The single seismic line off Smith Island (Figure 9) is relatively uninformative because very little of the acoustic signal
was able to penetrate the hard, tightly packed bottom sediments.

In the summer of 1987, 534 kilometers of line was surveyed between the mouth of Chesapeake Bay and the seaward
extension of the Virginia -North Carolina boundary. The subbottom proftler and side-scan sonar systems used both LORAN-
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C and, for part of the work, a locally configured Del Norte positioning system. The survey preceeded and followed the summer's
coring program. This work was significantly enhanced by an independent, coincident survey assessing resources of sand for use
in beach nourishmenL

Initial review of the side-scan sonographs indicates that much of the bottom surface is relatively featureless. There are
areas of both small and large scale bedforms, especially adjacent to False Cape. Also prominant in some areas are "drag marks"
that are probably indicative of commercial bottom-trawl fishing.

The sub bottom profIles are currently being studied in detail. Generally, they are of excellent quality and where coincident
with cores show good correlation with data from the core logs. Simplistically, the acoustic geology of the southernmost portion
of the study area is similar to a terrace -scarp system that rises shoreward. Larger scale bedforms appear to be confined to relatively
thin (0.5 to 4m) surface layers. It is possible to trace at least two, separate, filled, buried paleochannels, which have no obvious
surface expression, some distance seaward from where they pass beneath the present shoreline.

MINERAL ANALYSIS METHODS

Introduction

A 10 cm diameter vibracorer was used to take core samples. Grab samples were taken with a box-corer and a Smith-
MacIntyre sampler. In most sandy areas of the ocean floor, penetration by these devices, including the vibracorer, was greatly
limited because of very compact sands. Normally, only muddy sediments allowed for deep vibracore penetration.

Sample Preparation

The procedures for sample preparation and determination of mineral abundance are intricate. For this project, we made
some modifications to the procedures outlined by Luepke and Grosz (1986). Sample processing began with splitting the vibracores
lengthwise and describing the sedimenL A sample from a core usually consists of a section averaging 1.5 meters in length. Core
identification numbers followed by "-I" or "-2" etc. refer to the upper core section ("-1") and the next lower core section ("-2").
For the Minerals Management Service cores, one halfwasprocessed, and the other half was archived at Virginia Institute of Marine
Science; the entire core obtained for the Commonwealth project (USGS cores) was processed. A channel sample of each core
section was taken for repository purposes and also, was used to determine sediment grain-size distribution. No repository samples
were taken from the grab samples. The locations where cores and grab samples were taken are tabulated in Appendix I.

Each sample was put into a 19 liter plastic bucket and weighed. The water content of wet samples was determined by
weighing, drying, and reweighing a 300 gram subsample. The water percent of the subsample provides an estimate of the water
content of the total sample, and a corrected (dry) sample weight was computed. All weight calculations are based on dry samples.
Material in the sampler greater than 2mm in diameter was removed by wet-sieving. The sample processing procedures are outlined
in Figure 10. .

Sample Concentration

The first step in concentrating the heavy minerals was done on a three-turn spiral. A splitter box at the end of the spiral
separated the water-sediment slurry into a heavy mineral concentrate fraction ("heavies") and alight mineral fraction ("lights")
fraction. After the fll'Stprocessing on the spiral, the light fraction was processed one or more additional times. The concentrate
from the fll'St spiral runs was sent through the spiral three more times. Although this procedure was adopted after a number of
trials with different samples, the spiral recovered between 5 and 95 percent of the heavy minerals from the bulk samples (55 percent
average). Poor recovery was commonly ,butnotalways, characteristic of muddy orpoorly sorted material. Thespiralconcen~
and a subsample of the spiral light fractions were dried, weighed, and processed by heavy liquid separation techniques.



15
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Heavy-liquid Separation

The Virginia Institute of Marine Science contracted with Hampton University to process the samples by heavy-liquid
separation techniques and to do some of the magnetic fractionation. Tetrabromoethane (s.g. 2.96) was used to separate the heavy
minerals fromboth spiral light subsamples and spiral concentrates. Heavy-liquid sink fractions were washed in acetone and dried.
Weights of all fractions were recorded. The sink fraction of the "spiral-concentrate, tetrabromo-sink" is the recovered heavy
mineral fraction.

The total heavy-mineral concentration of thesamples wasapproximated. The percent of heavy minera1sin thespiral light
subsample was multiplied by the weight of all discarded spiral material, thus giving an estimated weight of "heavies" lost by the
spiral. Estimated weight of total heavy minerals was calculated by summing the weights of lost and recovered heavy minerals.
A source of error, however is immediately introduced, because "heavies" in the mud (silt-clay) fraction, as well as most of the
mud, were washed away dming the spiral operation; therefore, neither were represented accurately in the spiral light subsample.
Because an assumption is made that the concentration of heavy minerals is the same in both sand and mud fractions, the result
is that total heavy mineral concentration isprobably over-estimated for samples characterized by poor spiral recovery or excessive
mud concentration. Although the weight of heavy minerals in the spiral light fraction could be reduced by the percent of mud in
the original sample, this correction was not made.

The recovered heavy-mineral fraction was divided into three parts using a Jones splitter. A 12.5 percent split became
a repository sample, another 12.5 percent split was saved for chemical analysis, and the remaining 75 percent was further
subdivided by magnetic methods.

Magnetic Separation

The 75 percent portion of the recovered heavy minerals was magnetically subdivided into six groups. The rll'stgroup,
which contained the minerals with the highest magnetic susceptibility, was separated by using a modified Frantz separator; the
magnetic poles were rotated into a vertical position and then inclined by rotating the top of the poles toward the operator (while
facing the front of the Frantz)~ A half-inch (i.d.) glass tube was suspended between the poles. With a maximum magnetic field
setting (1.8 amperes), the sample was fed into the glass tube. As the grains fell down the tube, the more magnetic minerals were
pulled upward against the glass and toward the poles. The portion of the sample held by the magnet was again run through the
vertical Frantz separator but at a setting of 0.7 ampere. This trapped fraction (labeled "203") is commonly known as the "hand-
held magnet" portion. Minerals not attracted to the magnet were processed through the standard barrier-type separator. Each
group was fonned as a result of a different current setting on a Frantz barrier-type separator. Successive mineral groups were
derived from the magnetic fractions of the Frantz at 0.2 (labeled "204i, 0.4 (labeled ''205i, 0.6 (labeled "206i, and 1.8amperes
(labeled "207"). The last group was the nonmagnetic fraction at .1.8amperes and was labeled ''208''. Each of the six groups was
weighed and stored in individual glass vials.

Mineral Identification

Each of the six magnetic fractions (203-208) was examined under reflected- and transmitted-light (dissecting and
petrographic) microscopes. The minerals in each fraction were identified and their abundances were estimated or counted. The
weight of a mineral in each fraction was calculated by multiplying its observed abundance by the weight of the fraction. Because
some minerals were present in more than one magnetic fraction, their total abundance was determined by summing their weights
in each fraction. Figure 11 is an example of the observations and calculations used to detennine the weight percent composition
for the entire sample. Minerals observed, but not listed on Figure II, were grouped into the "other" category.

The magnetite fraction may contain minerals common.to subsequent magnetic fractions. X-ray fluorescence analysis
of the 203 fraction of two samples indicated excessive titanium; the excess could be explained by approximately 40 percent titano-
magnetite (0. Fordham, personal communication). Because optical identification of different opaque minerals in the 203 fraction
was difficult and inconsistant among observers, the opaque part of the fraction was labeled "magnetite."

The 206. 207. and 208 fractions also were examined under high-intensity short-wave ultraviolet lighL This technique
identified monazite (green "fluorescence" or internal reflectance) and zircon (yellow to orange. fluorescence) as well as helping
to estimate quartz contamination in the 208 fraction. Pink and light-brown zircons were commonly observed. and although they

are not fluorescent, their abundance was included in the analysis.

The mineral composition of each sample is shown in Appendix m. Because quartz was commonly found in the 208
fraction, its weight was included in the heavy mineral fraction rather than the light fraction. It was commonly observed that quartz
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made up at least 90 percent of the 208 "other" fraction. A correction was made to the weight percent of the total heavy minerals
by subtracting the weight of quartz contamination and is included in the calculation of data under column headings "WT % THM"
in the appendices. The decrease ranged from 2 percent to 18 percent and averages 2,6 percent of the uncorrected value.

Figure 11. Partial record of observed mineral abundances in each magnetic fraction. Calculations to determine sample
composition are computed in the spreadsheet program, but are shown here as an example.

Data Base

All calculations and data entry were made on the Virginia Institute of Marine Science PRIME computer, using the 201
20 spreadsheet modeling program. For each step in the preParation of samples for mineral identification, the sample and its many
fractions were weighed. The spreadsheet program stOred and calculated weights and other characteristics throughout the analysis.
Out of approximately 436 samples, 390 were completely analyized through the heavy-mineral identification phase. Of the
remaining 46 samples, one was lost by contamination and the others did not contain enough heavy minerals to allow for satisfactory
processing.

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

RESULTS

Sample Composition

Appendix ill shows the mineral composition for the heavy mineral fractions of all samples. The data are subdivided into
two groups: cores, and grab samples. Because surface grab samples are of little valuein predicting economic mineral potential
(A. E. Grosz, personal communication), the grab sample data were separated from core data. Appendix ill includes separate
statistics for each group. Appendix IV shows statistics for all samples treated as one group.

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 have been "weighted" by the total heavy mineral
concentration so that mineral abundance per ton, for example, may readily be estimated.

Tables 1 and 2 show average and highest values for the more economic minerals by group and all samples. The total
heavy mineral (THM) concentration (average and highest value) of grab samples is at least 50 percent greater than for cores.
Mineral compositions, however, were nearly the same for cores and grab samples, with the exception of zircon and monazite.
Therefore, based on data in this report, grab samples may be useful in predicting offshore mineral composition, but they do not
appear to be good indicators of total heavy mineral concentration. The economic potential of sediments can be established
accurately only by analyses of cores.

SAMPLE 54 wt of heavymineralsin sample 453.3(!

,- 51.26(! 163.92 165.55 2.75 1 .93 54.89
sumwtJ
hm...-

MAGNETITE 98%
4 =1

ILMENITE 73% 7% 4% UU
w 1 4

GARNET 1% 19% 36% 8% 8% .22.2
wt 0.5 31.1 59.6 0.2 1.2 453.3 =20.4%
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TABLE 1. Average concentrations of selected minerals as a percentage of the heavy-mineral fraction; 106 grab samples, 284
coresamples=390total. .

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

WT% WT% WT% WT%

coresamples 9.1
grabsamples 14.7

60.3
58.8

7.9
8.2

3.2
2.8

WT%
Z--

9.2
5.4

Economic Potential

The average values for the minerals in Table 1are lower than industry standards for mining on land but the maximum
values in Table 2exceed that minimum. Althoughmarket conditions may alter the following values, the minimum concentrations
of the heavy-mineral fraction of a hypothetically economic land deposit should be: ilmenite, 45 percent; leucoxene, 5 percent;
rutile, 2 percent; zircon, 5 percent; staurolite, 20 percent; monazite, 1percent; gamet/epidote, 15percent; kyanitel sillimanite, 7
percent; and a total heavy mineral concentration of 4 or 5 percent (Gamar, 1978). Because there is no offshore production of a
similar suite of heavy minerals within U.S. waters, a direct economic comparison to Virginia's offshore mineral potential cannot
be made. It has been suggested that 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 (U.S. Congress, 1987). There is also a lack of a detailed geologic analysis
of an offshore site, including an environmental and resource assessment and a feasability sbldy. The economic potential.of the
offshore heavy-minerals may depend also on the volume of other marketable material (including sand and gravel) presenL

The economic minerals found in abundance offshore of Virginia are those containing titanium (ilmenite,leucoxene, and
rutile) and minerals containing rare-earth elements (monazite and zircon). Zircon is used as a refractory material. The sum of
these minerals plus the sillimanite/kyanite (also refractory minerals) fraction forms the "ECON" (economic interest) group of
heavy minerals.

We have identified with concentrations of one or more of the ''ECON" minerals equal to or greater than Gamar's
threshold values, assuming a THM of 5percent in more than 52 samples. These samples are marked by underlining in Appendice
V and are indicated on Figure 12. Eleven of these or other samplesare summarized in Table 3; two aregraphically shown in Figure
13. Althoughtotal heavy mineralconcentration maybe low in some samples,an exceptional abundance of an individualmineral(s)
in these samples may encourage further investigation.

WT% WT% WT% WT% WT% WT%
HMIL NITE LEUCOXENERUTILE ZIRCON MO

core samples 2.9 24.0 1.7 1.4 3.8 0.1
grab samples 4.4 28.6 1.8 1.2 2.8 0.3

all samples 3.3 25.2 1.8 1.3 3.6 0.1
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Figure 12. Map showing the location of samples with apparant economic potential.
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Figure 13. Graphic presentation of selected samples.
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The decision as to which samples toinclude in Table 3 wasbasedon several criteria. For land deposits, theaverage TIIM
concentration should be at least 3 percent Several samples were noted where TIIM exceeds this, even though the abundences
of individual mineral s may be less than the threshold values suggested by Garner (1978). These were included because the same
volumeof a mineral maybe available at twice theTHM concentration butat half the abundanceof theheavy mineral fraction (TIIM
of 5 percentand ilmeniteof 60 percent=THM of 10 percent and ilmenite of 30 percent). Appencix V is provided to show the
"absolute" abundance of economic minerals. Also included in Table 3are samples with THM values less than4 percent but where
certain ECON minerals were in great abundance; these samples may suggest a depositional environment with selective enrich-
ment and might to nearby sediments of economic value.

As an aid to further assessment of the economic potential of the samples, Appendix V presents the weight percent of
selected minerals with respect to the total sample. Mineral compositions in Appendix V were calculated by multiplying the
concentrate composition of a sample (Appendix HI) by its TIIM concentration. Garner's values can likewise be converted to
",threshold" values with respect to the entire sample by assuming a THM concentration of 5 percent and multiplying his
concentrations by 5 percent This results 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 eliminates the need to know TIIM
concentration while examining the tabulated data for high-grade samples.

CONCLUSIONS

Results of this smdy indicate that sediments offshore of Virginia contain occurrences of potentially economic 'heavy
minerals. High total-h~vy-mineral (I'HM) concentrations coupled with high concentrations of ilmenite, zircon, and to a lesser
extent monazite and rutile, are encouraging and justify further investigation.

Mineral concentrations from cores alone provide the data from which economic potential is detennined. Mineral data
from surface grab samples were used as a guide for locating nearly all vibracore sites. However, surficial mineral data may be
misleading because a relationship between surface and subsurface concentrations is not yet established. This means that areas
characterized by low surficial mineral concentrations may remain as potential sites for coring.

Mineral concentrations are only part of the multifaceted data base needed to plan for economic recovery of the resource.
National need, market conditions, advanced technological requirements (superconducting alloys for example), environmental
concerns and mining costs are other factors to be considered. Consideration of offshore mining should assess all materials. It
may be possible to dredge sand for construction or beach nourishment and extract heavy minerals as a part of the same operation.

This study is intended to be a reconnaissance survey and therefore precluded the extensive coring required to locate
economic mineral deposits. In the future, others may attempt such an exploration program by acquiring many closely spaced
seismic lines and deep cores. Most of our samples are located within five miles of the shoreline and the broadest coverage of the
offshore is based only on grab samples. Although submarine topographic 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

TABLE 3. SeveralsampleswithpossibleeconomicpotentialselectedfromAppendixIII. Compositionin weightpercentis
relative to the heavy mineral fraction. P =present; see Appendix III for additional explanation of tabulated data.

WT% WT% WT% WT% WT% WT% WT%
SamDle THM il rot leucx mon zr ECON
HOI-3 5.4 17.4 2.7 0.3 1.4 7.6 32.2
VI-4 0.8 56.2 1.7 3.3 0.3 3.8 66.1
4 9.3 21.4 1.4 3.0 0.2 3.3 30.8
33 5.1 58.8 0.8 0.6 ' 0.1 4.1 65.8
54 14.7 29.0 1.1 0.2 0.4 4.5 35.9
59 11.0 34.9 1.5 0.6 0.1 4.3 42.4
85 10.8 54.9 2.4 1.8 0.1 3.8 63.1
1134-1 8.8 34.0 1.8 0.3 0.2 4.6 41.1
1136-1 9.0 28.7 1.1 1.0 P 3.5 34.7
C27-3 2.7 44.4 2.0 3.0 P 3.9 56.1
C42-4 3.2 49.4 2.0 2.0 0.2 6.7 62.2
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jurisdiction is largely unexplored. Based on the high concentrations of minerals revealed in this report (STA054 and STA094,
Appendix Ill), additional surveys further offshore in the Exclusive Economic Zone are recommended.

Finally. more work could be done within five miles of the coast From a research perspective. a process responsible for
concentrating offshore heavy minerals has not been identified; a defensible model could be used to predict other areas of high
mineral content. New geophysical techniques. such as induced polarization. are available and their use may diminish the need
for as many deep cores. The effect of dredging on biological resources should also be determined. If sediments were removed
and not replaced from offshore, the effect of the changed bathymetry on waves reaching the shoreline should be evaluated. To
date. no public economic resource assessment (tonnage and grade) or feasability study has been made for the U.S. offshore based
on heavy-mineral data. There are several sites off Virginia (Smith Island Shoals. Hog Island. Virginia Beach. and False Cape,
for example) each with a number of cores having high concentrations of minerals. These sites are candidates for more detailed
analysis.
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GLOSSARY

Box-corer: A device to collect a sample of unifonn depth across an area approximately 6" x 9". The sampler is driven into the bottom by its
own weight and ballast; depending upon the hardness of the bottom. penetration ranges up to 18 inches.

Core, core sample: A sample collected with an aim to acquire infonnation over depth. See box-corer, vibracorer.

Exclusive Economic Zone (EEZ): A zone extending offshore from 3 nautical miles (separating state from federal jurisdiction) to usually 200
nautical miles in which the federal government has jurisdiction. (Referenc Presidential Proclamation No. 5030, 1983)

Frantz magnetic separator: A commercially marketed device used for separating minerals according to their magnetic susceptibility. Usage
serves to aid in the identification of individual mineral species.

Grab sample: A sample taken from the surface of the bottom sediment without concern for the penetration depth or uniformity. Usually grabs
are the most easily obtained samples of the bottom; however, their value is limited to information on the sea bottom only.

Heavy-Uquid separation: A laboratory procedure for separating minerals based on their specific gravities (density). Minerals with a
density greater than the liquid will sink and minerals with a density less than the liquid will float. "Heavy" liquids used in this process are
usually toxic.

Humphrey Spiral: A commercially marketed device for making a rough separation of the heavy minerals from bulk sediment samples.

Magnetic susceptibUity: Theratio of induced magnetization to the strength of the magnetic field causing the magnetization. Material that shows
no magnetic properties while it is not is a field may show magnetic properties if placed in a magnetic field

Mineral: A naturally occuring, inorganic substance with a characteristic chemical composition and usually possessing a definite cry~talline
structure, which is sometimes expressed in external geometric forms.

Sand: A size classification of sediments. Sand grains are rock fragments or detrital particles wuth diameters between 0.0025 and 0.08 inch
(1/16 to 2 mm).

Sidescan sonar: An acoustic device which produces an image or depiction of the surface and texture of the subaqueous bottom over an area
on each side of the ship's track. The image provides infonnation on the roughness of the bottom and the nature of the bottom surface sediment.

Surface or surficial sample: A sample with very limited penetration of the sediments of the bottom surface. See grab sample.

Subbottom or seismic prome: A depiction of the layering or stratigraphy underlying the sea floor. The data acquired from the reflection of
the acoustic signals back to the surface from sediment layers of differing degrees of compaction.

Vibracorer: A device which obtains relatively long or deep, usually continuous samples of the bottom sediment. The samples generally are
less than4 inches in diameter but may be many feet long. The name derives from thevibrating action used ~ drive thecore tube into the bottom.
See core.

--
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APPENDIXI

LOCATIONOFSAMPLES

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 "*".

VIBRACORES

CORE WATER LORANC LATITUDE LONGnUDE
10 DEPTH COORDINATES

(FT) y X deg min deg min

HI 38 41405.1 27132.7 37 05.00 75 45.99
H2 38 41406.1 27133.8 37 05.12 75 46.19
H3 37 41408.0 27134.9 37 05.31 75 46.37
H4 38 41409.8 27136.1 37 05.50 75 46.58
H5 34 41412.2 27137.2 37 05.74 75 46.74
H6 37 41392.9 27131.0 37 03.94 75 46.03
H7 36 41398.8 27134.9 37 04.56 75 46.70
H8 30 41402.0 27136.7 37 04.89 75 46.98
H9 32 41405.3 27138.6 37 05.22 75 47.,29
HI0 35 41408.5 27137.4 37 05.44 75 46.90
Hll 30 41410.7 27139.3 37 05.69 75 47.25
H12 29 41411. 5 27139.7 37 05.77 75 47.31
H13 38 41412.8 27140.9 37 05.92 75 47.54
H14 38 41414.6 27138.8 37 05.99 75 47.01
H15 30 41413.6 27138.3 37 05.89 75 46.93
Bl 25 41399.5 27202.9 37 07.03 76 01. 97
B2 22 41415.2 27200.0 37 08.20 76 00.74
B3 15 41423.1 27200.1 37 08.84 76 00.47
B4 35 41385.3 27210.2 37 06.13 76 04.17
B5 25 41369.8 27210.1 37 04.87 76 04.71
VI 48 * * 36 54.53 75 56.56
V2 46 * * 36 53.15 75 55.29
V3 49 * * 36 51.80 75 53.84
V4 52 * * 36 50.51 75 51.55
V5 * * * 36 54.04 75 56.39
V6 47 * * 36 52.41 75 50.41
1090 * * * 36 56.25 76 03.32
1091 * * * 36 56.76 76 03.27
1092 * * * 36 57.20 76 03.60
1093 * * * 36 56.88 76 04.45
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LOCATIONOF VIBRACORES.continued

CORE WATER LORANC LATITUDE LONGITUDE
ID DEPTH COORDINATES

(FT) y X deg min deg min

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 * * * 37 00.72 75 58.70
1107 * * * 37 02.34 76 01.00
1109 * * * 37 03.75 76 02.00
1111 * * * 37 05.62 75 59.80
1116 * * * 37 03.42 75 58.69
1119 * * * 37 01.55 75 56.58
1120 * * * 37 00.70 75 55.48
1121 * * * 37 01.60 75 54.30
1122 * * * 36 59.95 75 52.25
1127 * * * 37 02.40 75 50.05
1129 * * * 37 03.70 75 46.,85
1130 * * * 37 04.00 75 47.91
1131 * * * 37 04.75 75 49.32
1132 * * * 37 04.24 75 51.18
1134 * * * 37 04.12 75 53.28
1136 * * * 37 02.50 75 53.40
1139 * * * 37 04.10 75 57.60
2000 * * * 36 57.05 76 06.62
2001 * * * 36 55.35 76 06.62
2002 * * * 36 59.52 76 04.02
110 * * * 37 59.25 75 13.34
115 * * * 38 02.38 75 07.15
116 * * * 38 01.44 75 07.08
117 * * * 38 00.59 75 01. 80
C1 50 27082.8 41961.6 37 49.72 75 16.37
C2 45 27093.2 41974.0 37 51.00 75 18.02
C3 35 27047.9 41974.9 37 50.02 75 09.01
C4 36 27129.7 41669.5 37 26.61 75 36.08
C5 36 27130.0 41670.0 37 26.68 75 36.12
C6 36 27130.0 41668.0 37 26.51 75 36.19
C7 56 27114.8 41668.1 37 26.07 75 32.97
C8 32 27134.5 41629.2 37 23.45 75 68.51
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LOCATIONOF VIBRACORES.continued

CORE WATER LORANC LATITUDE LONGITUDE
ID DEPTH COORDINATES

(FT) Y X deg min deg min

C9 34 27133.5 41626.6 37 23.21 75 38.39
C10 32 27128.6 41628.0 37 23.17 75 37.29
C11 32 27134.9 41610.0 37 21.88 75 39.27
C12 28 27134.9 41580.1 37 19.43 75 40.32
C13 31 27134.8 41539.8 37 16.11 75 41. 72
C14 32 27139.9 41415.1 37 6.06 75 47.21
C15 28 27144.9 41423.9 37 6.96 75 48.01 JS
C16 29 . 27144.0 41420.0 37 6.61
C17 33 27140.5 41420.0 37 6.48 .17
C18 37 27144.7 41284.9 36 55.61 75 52.85
C19 27 27155.0 41229.9 36 51. 53 75 57.15
C20 53 27120.0 41210.0 36 48.50 75 49.81
C21 50 27122.0 41210.9 36 48.66 75 50.24
C22 60 27088.0 41229.9 36 48.61 75 41. 26
C23 44 27135.0 41830.0 3J 40.03 75 31. 52
C24 60 27092.5 41230.6 36 49.07 75 42.85
C25 33 27119.8 41109.6 36 40.26 75 53.18
C26 47 27089.6 41049.9 36 33.97 75 48.14
C27 45 27095.7 41050.0 36 34.26 75 49..56
C28 8 27102.2 41039.9 36 33.73 75 51.41
C29 37 27090.3 41040.0 36 33.18 75 48.62
C30 33 27105.0 41050.1 36 34.70 75 51.73
C31 25 27102.7 41040.0 36 33.76 75 51.52
C32 35 27101.4 41049.9 36 34.52 75 50.89
C33 37 27099.0 41040.0 36 33.59 75 50.66
C34 31 27098.0 41039.8 36 33.52 75 50.43
C35 41 27094.8 41039.9 36 33.38 75 49.68
C36 25 27092.2 41040.5 36 33.31 75 49.05
C37 29 27146.0 41201.1 36 48.83 75 56.09
C38 34 27140.0 41200.0 36 48.50 75 54.74
C39 34 27140.0 41189.8 36 47.67 75 55.10
C40 30 27142.5 41190.0 36 47.78 75 55.67
C41 29 27145.1 41190.2 36 47.91 75 56.26
C42 30 27145.0 41179.9 36 47.06 75 56.60
C43 32 27142.6 41180.0 36 46.97 75 56.04
C44 33 27140.0 41180.0 36 46.87 75 55.44
C45 32 27140.0 41160.0 36 45.24 75 56.13
C46 36 27135.1 41159.9 36 45.03 75 55.00
C47 41 27130.0 41159.9 36 44.81 75 53. 82
C48 29 27125.0 41160.0 36 44.61 75 52.66



numberof cores = 113
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LOCATIONOF VIBRACORES.continued

CORE WATER LORANC LATITUDE LONGITUDE
10 DEPTH COORDINATES

(FT) y X deg min deg min

C49 35 27125.1 41170.0 36 45.43 75 52.35
C50 39 27125.0 41150.0 36 43.79 75 53.01
WB063 12 27248.9 41305.6 37 01.10 76 16.02
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GRABSAMPLES

GRAB DEPTH LORANC LATITUDE LONGITUDE
ID (FATHOMS) COORDINATES

Y X deg min deg min

1 5.5 41372.0 27153.0 37 03.03 75 51.69
2 4.5 41377.0 27156.0 37 03.55 75 52.19
3 4.5 41408.2 27153.4 37 05.99 75 50.49
4 4.0 41432.9 27149.1 37 07.85 75 48.65
5 13.0 41901.9 27048.0 37 43.78 75 11.51
6 13.7 41920.7 27049.7 37 45.43 75 11.25
7 12.5 41945.3 27070.3 37 48.03 75 14.54
8 10.0 41931.1 27076.8 37 47.00 75 16.32
9 9.6 41937.5 27079'.9 37 47.62 75 16.72
10 9.9 41953.0 27076.4 37 48.83 75 15.50
11 8.6 41961.6 27082.8 37 49.71 75 16.48
12 7.7 41974.0 27093.2 37 51.01 75 18.14
13 7.4 41959.5 27097.8 37 49.90 75 19.54
14 6.0 41952.5 27090.9 37 49.15 75 18.41
15 6.0 41947.9 27119.8 37 49.49 75 24.33
16 5.0 41949.0 27130. 0 37 49.82 75 26.35
17 5.0 41939.2 27135.0 37 49.12 75 27.71
18 6.0 41918.9 27134.8 37 47.43 75 28.40
19 7.4 41890.6 27135.0 37 45.08 75 29.44
20 8.0 41869.5 27134.9 37 43.33 75 30.17
21 7.9 41850.0 27135.1 37 41. 72 75 30.91
22 5.0 41789.2 27135.1 37 36.69 75 33.05
23 6.0 41751.2 27134.0 37 33.52 75 34.17
24 6.0 41739.4 27134. 2 37 32.55 75 34.63
25 5.0 41729.8 27134.6 37 31.77 75 35.06
26 8.7 41740.0 27124.6 37 32.32 75 32.59
27 4.0 41739.6 27112.0 37 31.92 75 29.97
28 9.7 41668.1 27114.8 37 26.07 75 33.01
29 6.0 41669.3 27125.2 37 26.49 75 35.19
30 6.0 41669.5 27129.7 37 26.64 75 36.13
31 5.0 41669.4 27135.1 37 26.80 75 37.28
32 5.0 41650.1 27134.7 37 25.19 75 37.88
33 5.0 41629.2 27134. 5 37 23.45 75 38.55
34 5.0 41619.5 27134.3 37 22.64 75 38.84
35 * 41420.4 27160.1 37 07.22 75 51.55
36 * 41429.9 27157.5 37 07.90 75 50.64
37 * 41430.2 27154.9 37 07.83 75 50.04
38 * 41430.0 27152.4 37 07.73 75 49.49
39 * 41426.9 27147.4 37 07.30 75 48.49
40 * 41423.9 27144.9 37 06.97 75 48.04
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LOCATIONOFGRABSAMPLES.continued

GRAB DEPTH LORANC LATITUDE LONGITUDE
10 (FATHOMS) COORDINATES

y X deg min deg min

41 * 41419.8 27142.7 37 06.56 75.47.70
42 * 41415.1 27139.9 37 06.07 75 47.23
43. * 41446.8 27120.0 37 07.97 75 41. 73
44 * 41447.0 27125.5 37 08.18 75 42.94
45 * 41447.7 27131. 9 37 08.46 75 44.32
46 * 41449.6 27134.9 37 08.71 75 44.91
47 * 41466.8 27140.0 37 10.31 75 45.44
48 * 41500.0 27142.0 37 13.09 75 44.71
49 * 41510.1 27134.9 37 13.68 75 42.81
50 * 41539.9 27134.9 37 16.12 75 41. 76
51 * 41540.1 27142.0 37 16.37 75 43.30
52 * 41540.1 27145.0 37 16.47 75 43.96
53 * 41560.1 27139.9 37 17.95 75 42.15
54 * 41580.1 27134.9 37 19.42 75 40.35
55 * 41579.9 27125.0 37 19.09 75 38.23
56 * 41610.0 27134. 9 37 21.88 75 39.30
57 * 41369.8 27159.9 37 03.10 75 53.31
58 * 41339.9 27154.8 37 00.49 75 53.23
59 * 41284.9 27144.7 36 55.63 75 52.89
60 * 41279.7 27154.9 36 55.60 75. 55.39
61 * 41249.6 27154.9 36 53.16 75 56.46
62 * 41241. 9 27162. 0 36 52.81 75 58.36
63 * 41226.7 27157.4 36 51.40 75 57.84
64 * 41229.9 27155.0 36 51. 56 75 57.18
65 * 41229.9 27144.9 36 51.15 75 54.85
66 * 41209.8 . 27144.9 36 49.52 75 55.56
67 * 41209.9 27120.0 36 48.51 75 49.83
68 * 41149.9 27109.9 36 43.16 75 49.55
69 * 41149.7 27113.0 36 43.28 75 50.27
70 * 41149.9 27115. 1 36 43.38 75 50.74
71 * 41159.9 27119.9 36 44.41 75 51.51
72 * 41159.9 27125.1 36 44.64 75 52.72
73 * 41159.7 27129.9 36 44.82 75 53.83
74 * 41160.0 27140.0 36 45.26 75 56.16
75 * 41129.5 27119.0 36 41.88 75 52.33
76 * 41109.9 27119.9 36 40.31 75 53.22
77 * 41089.5 27115.0 36 38.42 75 52.75
78 * 41089.8 27104.9 36 37.99 75 50.39
79 * 41050.1 27105.0 36 34.72 75 51. 73
80 * 41049.9 27101.8 36 34.55 75 50.99
81 * 41049.9 27099.8 36 34.46 75 50.52



number of grab samples = 106
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LOCATIONOF GRABSAMPLES.continued

GRAB DEPTH LORANC LATITUDE LONGITUDE
ID (FATHOMS) COORDINATES

y X deg min deg min

82 * 41049.8 27097.8 36 34.36 75 50.05
83 * 41050.0 27095. 6 36 34.27 75 49.53
84 * 41049.9 27092.3 36 34.10 75 48.76
85 * 41049.9 27089.9 36 33.99 75 48.20
86 * 41039.6 27080.7 36 32.70 75 46.39
87 * 41039.9 27090.0 36 33.17 75 48.56
88 * 41039.9 27092.3 36 33.28 75 49.10
89 * 41039.9 27095.5 36 33.42 75 49.84
89A * 41039.7 27098.0 36 33.53 75 50.44
90 * 41039.9 27099.0 36 33.59 75 50.66
91 * 41039.8 27102.0 36 33.72 75 51. 37
92 * 41039.8 27103.0 36 33.78 75 51.60
93 * 41129.9 27067.5 36 39.38 75 39.29
94 * 41129.7 27067.6 36 39.59 75 40.48
95 * 41129.9 27072.3 36 39.82 75 41. 54
96 * 41129.9 27076.1 36 40.00 75 42.42
97 * 41129.9 27080.0 36 40.18 75 43.32
98 * 41129.9 27085.0 36 40.41 15 44.47
99 * 41130.0 27092.1 36 40.73 75 46.10
100 * 41129.6 27100.0 36 41.05 75 47.94
101 * 41139.8 27132.9 36 43.32 75 55.21
51-1 * * * 36 23.00 75 49.36
51-2 * * * 36 22.00 75 49.30
51-3 * * * 36 10.55 75 45.52
51-4 * * * 35 50.21 75 33.38
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Figure 14. Location of samples off the Eastern Shore and index map of sample locations
south of the Eastern Shore.



31°08'

,84

t?

,1103

.62

~7.38 .4
INSERT A36 .

,81 .35 .~40
.41

42 4
H13. · ..~HIH12. .H5

RII- . .H4H3.
H9. H10.jf2

·H8 · HI
.H7

.1130 .H6
.1129

.3
,111I

.\131

· 1139 .1134 'U32
.\109 .2

57 .1.
.1116

,1107 ,1136 .1127

. 1119 _ 1121

1106 .1120
.5'8

.

Figure 15. Location of samples at northern part of entrance to Chesapeake Bay.

NM



, ,.

. "
, '

'..
".

" -10
10°
10
.....

1122 1

INSERT B

'"

"

IJ 1100.
1097- 1099

.1096:1098

.1095 10921004. .
· 2000 .1093 .1091

.1090

Figure 16: location of samples at southern part of entrance to Chesapeake Bay and off

Virginia Beach.

..'

,'60 .59

w I.' " " ';:iJ "..' ·
CAPE ' .:-\

VI
.36°55'

w
' \' .

HENRY',,::: .V5,. ,, ." -.
t' .61... .V2
.' .62'.
, "

10' ::\ .V6
,

'.: ,64 V3
" .63 .

. ';.,
.65

.V4

.66
36°5d



-74
73 72- -

.71

w
~

.78

.101 7069 68 ... .

. 75

.76
'36040'

.'..,.'-.,. ..."..':J .'
., ~.'
.'.\'...'1'. ,'.. ,'. .'.. ,. ,.. ",

.~.~
= '=:'

':-.~. .'
.., .1
..'.:. '.
.'>

a .79 808182;ffi.. · · ·
8485. ) .:.. .

., 92, .91 .9.0 89 88
':::'~ 89A'. '87. .;~.-

.77

FALSE
CAPE

.'

INSERT C

.100
.99

· 98 97
· .96 95

94· · 93.

.86
-0
~
~
.....

Figure 17. Location of samples off Virginia Beach to North Carolina.



2
. I.

.23

1987

I km I
I . 1n ml ,fO

3

370-,

Figure 18. Location of cores taken during the summer of 1987.

35

.18
'\

"'OJ
. I

24.. -- r .22-.....



~ 19

37, 21.
'20.38

41 40 39. . .

4~ ~3. 44

49.

.45 4.6 47 8· · .4

.25

Llim.. e
· n.mi · A

30

· .32 ~Z1 ;'6

3\ 33 . 36
~8 "34.35. -29

FALSE CAPE

-18
~
,....

Figure 19. Loc3.tion of cores taken during the summer of 1987 off Virginia Beach to North
r nJ:n.. 36



37

APPENDIXII
GENERALCHARACTERISTICSOF SAMPLES

A. CORES

Data not available are noted by "*"; total heavy minerals = "THM"
Dry sample weight is in grams.

CORE
LENGTH DRY ,; ,; ,; WT';

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL THM
----------- --------- --------- ----- ----- ------ ---------

801-1 140 5530 94 6 0 3.91
801-2 130 6247 93 7 0 2.88
802-1 137 5447 98 2 0 2.42
802-2 131 6222 97 3 0 3.88
803-1 122 5036 97 3 0 3.20
803-2 122 6038 96 3 0 3.33
803-3 113 5147 95 5 0 3.26
804-1 289 7882 94 6 0 2.53
805-1 261 7522 94 6 0 1.86
805-2 146 6888 95 5 0 1.82
H01-1 128 6329 98 0 2 3.86
HOl-2 137 8475 96 1 3 5.10
HOl-3 111 6371 89 3 8 5.48
H02-1 86 3000 96 3 1 2.32
H02-2 154 5826 59 41 0 1.09
H02-3 142 9853 73 27 0 1.34
H03-1 130 6272 95 1 4 2.14
H04-1 133 6099 84 16 0 3.06
H04-2 158 7882 70 30 0 1.37
H04-3 151 4773 80 19 1 1.57
H05-1 185 7031 92 5 3 3.67
H06-1 167 6525 85 15 0 3.13
H06-2 145 6569 81 19 0 1.70
H06-3 152 6278 75 25 0 1.49
H06-4 140 5228 66 34 0 0.74
H07-1 112 3607 78 22 1 3.75
H07-2 128 4222 54 27 19 1.87
H07-3 132 5433 79 21 0 1.54
H08-1 134 5799 97 2 1 5.52
H08-2 144 7567 88 12 0 2.85
H09-1 131 5675 82 18 0 3.62
H10-1 165 6524 87 13 0 2.74
H10-2 174 7300 83 17 0 3.21
H11-1 189 8912 91 6 3 4.00
H12-1 t07 5749 98 1 1 6.88
H12-2 121 5809 95 2 3 5.34
H13-1 204 8324 93 5 3 2.23
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CHARACTERISTICSOF CORES.continued

CORE
LENGTH DRY % % % WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL THM
----------- --------- --------- ----- ----- ------ ---------

H14-1 148 5771 * * * 0.52
H14-2 142 5942 81 16 4 1.49
V1-1 149 7513 * * * 1.17
Vl-2 151 7267 * * * 0.82
Vl-3 152 4400 * * * 0.61
Vl-4 148 5245 * * * 0.83
V2-1 113 4272 * * * 2.72
V2-2 152 5530 * * * 1.67
V2-3 156 6910 * * * 3.90
V2-4 139 6593 * * * 2.12
V4-1 190 4721 * * * 1.77
V4-2 134 7979 * * * 1.06
V4-3 163 4606 * * * 1.39
V4-4 153 3766 * * * 1.35
V3-1 152 7305 93 5 2 1.42
V3-2 143 6432 64 34 2 0.50
V5-1 108 2317 88 12 0 1.95
V5-3 155 5565 95 5 0 1.26
V5-4 110 3610 94 5 1 1.20
V5-5 128 6424 90 3 7 1.44
V6-1 147 5843 94 6 0 2.48
V6-2 148 7051 91 7 2 1.71

1090-1 165 8649 - 83 17 0 2.46
1090-2 189 15448 86 14 0 1.91
1091-1 150 10348 85 15 0 2.36
1091-2 150 11148 85 15 0 1.71
1091-3 170 13447 78 22 0 1.61
1092-1 236 14850 91 2 7 1.70
1092-2 242 10450 89 2 9 1.03
1094-1 158 14049 92 8 0 1.15
1094-2 179 13151 76 24 0 1.01
1095-1 160 12648 87 13 0 2.51
1095-2 150 12949 91 9 0 2.30
1096-1 150 11850 87 12 0 1.84
1096-2 150 13049 73 26 1 2.23
1097-1 200 17950 93 7 0 2.60
1097-2 180 16951 76 19 6 1.39
1097 -3 146 13450 75 22 3 1.26
1098-1 191 14849 75 0 25 1.78
1098-2 190 14051 65 33 2 0.58
1099-1 257 15550 73 24 3 1.18
1099-2 200 15849 78 5 17 1.78
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CHARACTERISTICSOFCORES.continued

CORE
LENGTH DRY % % % WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL THM
----------- --------- --------- ----- ----- ------ ---------

1100-1 162 12651 94 6 0 2.64
1100-2 180 16249 88 11 1 2.51
1103-1 160 7851 84 12 5 1.80
1103-2 125 4651 69 22 8 1.62
1103-3 215 12851 93 6 2 1.74
1106-1 145 13450 99 1 0 3.59
1106-2 151 14148 99 1 0 2.63
1107-1 165 15450 99 1 0 4.35
1107-2 167 15048 98 2 1 1.83
1109-1 238 11050 91 9 0 3.08
1111-1 148 11450 92 8 0 2.76
1111-2 186 15110 90 10 0 3.20
1116-1 193 10850 88 12 0 4.39
1116-2 217 15751 83 14 2 4.00
1119-1 205 19051 99 1 0 2.43
1119-2 123 19666 96 4 0 2.39
1120-1 160 12650 98 2 0 1.95
1120-2 175 15449 95 4 0 3.05
1121-1 236 19649 96 4 0 3.44
1122-1 145 12251 92 7 1 5.67
1127-1 140 11348 92 8 0 5.51
1127 -2 138 11850 82 18 0 2.70
1129-1 145 11648 95 5 0 7.65
1129-2 145 12849 86 14 0 6.11
1130-1 125 10848 91 6 3 7.17
1130-2 128 9448 66 34 0 1.96
1131-1 182 15648 85 11 4 5.92
1132-1 164 14450 93 6 1 6.32
1134-1 181 16649 97 3 0 8.79
1134- 2 169 15997 94 6 0 6.82
1136-1 150 12650 95 4 0 9.01
1136-2 150 12448 94 5 0 6.42
1136-3 185 15850 91 8 0 3.34
1139-1 184 13950 99 1 0 2.44
2000--1 160 6050 78 22 0 2.00
2000-2 160 9748 64 36 0 2.39
2001-1 164 10048 73 27 0 2.02
2002-1 177 9750 95 5 0 3.75
2002-2 162 11051 88 12 0 3.01

110-1 215 7850 84 I 16 0 2.60
110-2 161 3950 88 11 1 2.21
110-3 156 3950 73 26 2 1.41
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CHARACTERISTICSOF CORES.continued

CORE SAND
LENGTH DRY % % % PHI WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL MEAN THM
----------- --------- --------- ----- ----- ------ ----- ---------

115-1 184 5348 58 42 0 * 0.74
116-1 85 3450 97 0 3 * 0.58
116-2 275 9251 61 38 1 * 0.54
116-3 . 190 6848 96 2 2 * 2.17
116-4 176 6450 97 1 2 * 0.92
116-5 94 1948 99 1 0 * 1.66
117-1 150 5649 92 3 6 * 1.26
117-2 140 6351 79 3 18 * 3.87
117-3 145 5050 89 2 9 * 3.95
117-4 150 5251 98 1 1 * 2.84

C1-1 154 6661 94.5 2.1 3.4 * 2.18
Cl-2 155 6332 93.0 6.2 0.8 2.31 3.18
Cl-3 155 6516 93.9 5.8 0.2 * 2.09
Cl-4 157 7682 81.3 18.7 0.0 * 1.95
C2-1 145 6579 67.0 32.1 0.9 2.69 4.12
C2-2 155 6186 34.9 65.1 0.0 * 1.80
C2-3 145 5802 49.8 50.1 0.1 * 2.65
C2-4 115 3712 64.9 34.3 0.8 * 1.41
C3-1 154 4543 55.3 44.5 0.3 3.25 3.99
C3-2 129 4244 76.3 23.6 0.1 3.14 4.21
C3-3 155 5087 54.6 45.2 0.2 .3.24 3.54
C3-4 189 7341 53.4 46.4 0.1 3.09 3.36
C4-1 156 4863 50.4 47.9 1.7 * 2.65
C4-2 154 5783 78.3 21.3 0.4 * 2.40
C4-3 142 7339 94.0 6.0 0.0 * 2.66
C5-1 151 6692 87.3 7.6 5.1 * 2.03
C5-2 155 7526 74.4 2'5.3 0.4 * 2.91
C5-3 155 7033 75.8 23.9 0.3 2.61 3.51
C5-4 149 6290 65.5 30.6 4.0 2.77 3.31
C6-1 155 4727 51.5 46.8 1.7 2.76 4.38
C6-2 154 3391 18.1 81.9 0.0 * 2.55
C6-3 176 5643 58.7 40.8 0.5 3.19 5.78
C7-1 152 5787 73.1 24.5 2.4 3.05 3.14
C7-2 110 4759 65.2 32.5 2.3 * 1.45
C7-3 111 4291 60.2 39.4 0.4 * 2.35
C8-1 72 2669 83.0 5.3 11.6 2.08 3.45
C8-2 177 6820 88.8 11.2 0.0 3.02 6.75
C8-3 153 5747 45.9 54.0 0.1 2.99 3.65
C8-4 131 5615 71.3 28.3 0.4 3.13 3.56
C9-1 155 6388 80.2 14.2 5.6 2.76 4.63
C9-2 152 6099 85.8 14.2 0.0 2.92 3.84
C9-3 173 5206 75.1 24.6 0.3 2.74 3.16
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CHARACTERISTICSOF CORES.continued

CORE SAND
LENGTH DRY % % % PHI WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL MEAN THM----------- ----------------------- ----- ------ ----- ---------

C10-1 147 4808 57.9 40.6 1.5 2.47 3.22
C10-2 160 8318 69.8 29.4 0.8 3.06 4.07
C10-3 139 6195 79.7 19.6 0.7 3.08 4.98
C10-4 143 5815 58.9 40.6 0.5 3.18 4.53
C11-1 118 5641 88.4 5.5 6.2 * 1.88
Cll-2 114 4900 94.5 4.7 0.9 * 1.81
Cl1-3 159 5919 37.9 62.0 0.0 3.20 3.53
Cll-4 157 4455 56.3 43.7 0.0 3.20 3.08
C12-1 155 6746 89.5 10.2 0.3 2.93 5.62
C12-2 142 5474 60.7 39.3 0.0 3.15 5.32
C12-3 126 2801 76.0 24.0 0.0 3.19 9.12
C12-4 123 5713 83.3 14.9 1.8 3.15 7.40
C13-1 223 10455 89.5 7.3 3.3 2.35 3.21
C13-2 191 9619 86.8 13.2 0.0 * 2.64
C13-3 171 7196 89.0 11.0 0.0 * 1.73
C14-1 143 6350 81.2 18.4 0.4 3.04 4.47
C14-2 131 4084 33.2 66.8 0.0 * 1.99
C14-3 220 8595 56.7 43.3 0.0 3.35 5.95
C14-4 185 6625 61.3 38.7 0.0 3.40 5.61
C15-1 188 6711 78.0 22.0 0.0 3.06 5.70
C15-2 210 9208 77.8 22.2 o.0 .3.27 6.57
C16-1 169 7624 85.7 13.2 1.1 3.02 6.91
C16-2 96 3937 70.1 29.9 0.0 3.19 5.36
C17-1 155 6583 88.1 11.9 0.0 2.97 3.80
C17-2 130 5722 70.1 29.8 0.1 3.21 4.26
C17-3 89 3211 50.8 49.0 0.2 3.25 4.03
C17-4 100 3223 79.5 20.5 0.0 3.20 5.27
C17-5 150 5281 58.1 41.9 0.0 3.36 5.72
C18-1 209 8689 90.3 9.6 0.1 2.67 2.92
C18-2 50 5757 87.4 12.2 0.4 2.84 3.50
C19-1 190 7996 79.8 12.9 7.3 2.97 4.06
C19-2 155 6435 87.0 12.3 0.7 * 2.05
C19-3 208 8423 90.0 9.8 0.2 * 2.08
C20-1 258 12131 41.9 56.3 1.7 * 1.29
C20-2 150 5957 57.5 25.2 17.3 * 1.75
C20-3 151 6511 18.9 81.1 0.0 * 0.97
C20-4 210 7489 28.9 71.1 0.0 * 1.93
C21-1 220 8954 31.7 60.4 8.0 * 1.11
C22-1 150 6886 93.5 4.4 2.2 * 1.54
C22-2 155 6157 93.9 5.4 0.7 *

I 1.76
C22-3 115 4660 84.5 15.2 0.3 * 2.38
C22-4 125 5913 87.8 10.4 1.8 * 1.22
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CHARACTERISTICSOFCORES.continued

CORE SAND
LENGTH DRY % % % PHI WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL MEAN THM
----------- --------- --------- ----- ----- ------ ----- ---------

C23-2 151 7368 47.8 52.2 0.0 * 1.43
C23-3 155 7505 76.4 19.0 4.6 * 1.59
C23-4 155 8563 86.9 5.8 7.3 * 0.95
C24-1 160 5552 .89.2 3.9 6.9 * 1.05
C24-2 155 7354 93.3 6.4 0.4 * 1.49
C25-1 155 7111 57.7 34.5 7.8 * 0.41
C25-2 136 6072 80.8 16.5 2.7 * 1.39
C25-3 137 7887 70.7 20.4 8.9 * 1.77
C26-1 171 8910 92.4 7.1 0.5 2.39 3.53
C26-2 173 6898 57.0 41.3 1.8 * 2.60
C26-3 164 7093 24.3 72.8 2.9 3.25 5.11
C27-1 173 5973 44.7 52.8 2.5 * 2.28
C27-3 183 7626 46.2 41.2 12.6 * 2.66
C28-1 159 5817 98.7 1.3 0.0 1.98 1.88
C28-2 151 7552 93.6 6.4 0.1 2.44 3.27
C28-3 154 6419 90.3 9.2 0.6 2.56 3.08
C28-4 149 6537 79.3 20.6 0.1 * 2.40
C29-1 193 8102 93.9 3.7 2.4 2.26 4.53
C29-2 170 6691 27.0 72.9 0.2 * 1.29
C30-1 177 5162 52.1 47.5 0.5 * 2.96
C31-1 140 5757 97.8 1.9 o. 3 .1.56 0.72
C31-2 165 6361 97.1 2.5 0.5 2.07 1.52
C31-3 135 5290 85.6 14.1 0.3 2.86 3.14
C31-4 150 5327 71.4 28.0 0.5 2.93 3.99
C32-1 156 6304 86.7 12.3 1.0 * 2.71
C32-2 154 5486 56.0 42.8 1.1 * 2.73
C32-3 144 11583 62.1 36.9 1.0 2.80 3.39
C33-1 154 6265 77.5 22.4 0.0 * 1.95
C33-2 155 7031 62.2 32.5 5.3 * 2.50
C33-3 154 5604 54.0 45.5 0.5 * 2.42
C33-4 156 5610 21.3 29.3 49.4 * 1.24
C34-1 171 6675 97.7 2.0 0.3 1.72 1.08
C34-2 153 8136 93.8 5.9 0.3 2.24 3.77
C34-3 153 7062 81.1 16.5 2.4 * 2.14
C35-1 156 6198 16.6 83.4 0.1 * 1.78
C35-4 142 6189 61.0 38.9 0.0 * 1.31
C36-1 125 7861 93.2 1.9 4.9 1.11 0.62
C36-2 138 6703 96.7 2.0 1.3 1.51 0.73
C36-3 136 3207 95.8 3.7 0.5 * 0.86
C36-4 100 5024 96.5 2.2 1.3 2.06 0.80
C37-1 173 9625 88.6 11.0 0.4 3.05 4.40
C37-2 173 9367 86.6 11.8 1.6 * 2.22
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CHARACTERISTICSOF CORES.continued

CORE SAND
LENGTH DRY % % % PHI WT%

SAMPLENAME (CM) SAMPLEWT SAND MUDGRAVEL MEAN THM
----------- --------- --------- ----- ----- ------ ----- ---------

C37-3 150 7881 84.6 15.3 0.1 2.42 2.16
C38-1 156 7625 84.7 14.9 0.5 * 1.99
C38-2 154 5232 39.5 50.3 10.2 * 2.32
C39-1 181 8642 91.7 8.2 0.1 3.09 4.40
C39-2 182 11016 87.3 10.1 2.6 2.45 4.13
C39-3 180 6805 88.3 9.8 1.9 2.51 2.60
C40-1 145 5965 91.4 8.4 0.1 3.13 4.56
C40-2 153 5942 83.9 15.2 0.9 2.82 4.18
C40-3 148 4916 89.0 10.9 0.1 2.67 2.75
C41-1 136 5733 91.0 8.5 0.6 3.07 3.86
C41-2 127 4435 62.0 34.8 3.2 * 1.83
C41-3 139 6148 96.6 3.4 0.0 2.07 2.65
C42-1 157 6202 71.2 22.1 6.7 2.29 3.56
C42-2 154 7423 78.7 20.9 0.5 2.29 4.35
C42-3 152 6223 59.4 40.6 0.0 2.88 *
C42-4 149 5803 48.6 51.2 0.2 * 3.17
C43-1 177 7165 89.1 8.5 2.4 2.79 6.38
C43-2 173 4961 90.8 8.7 0.4 2.50 3.55
C43-3 167 6385 78.1 21.9 0.0 3.07 6.72
C44-1 177 7886 86.6 13.3 0.1 3.09 6.49
C44-2 175 5891 93.8 6.2 O.0 .2.44 3.50
C44-3 172 4742 84.2 15.4 0.4 * 1.74
C45-1 145 4886 28.9 70.0 1.0 2.08 3.01
C45-2 145 5272 86.0 11.0 3.1 * 2.63
C45-3 131 8007 83.5 5.4 11.1 * 2.85
C46-1 155 7107 77.2 21.6 1.2 2.43 3.36
C46-2 155 7049 72.4 26.3 1.3 * 2.20
C46-3 152 5843 47.1 52.5 0.4 2.01 2.19
C46-4 151 7186 83.6 16.0 0.4 1.95 3.04
C47-1 195 8006 37.9 61.3 0.8 2.43 4.47
C47-2 160 6466 64.4 24.4 11.1 * 1.62
C48-1 188 8141 96.5 1.5 2.0 * 0.89
C48-2 202 7573 97.9 1.9 0.3 1.64 0.91
C48-3 195 9661 96.2 2.5 1.4 1.48 0.74
C48-4 118 3750 93.8 2.4 3.8 . * 1.79
C49-1 161 8588 98.8 1.2 0.0 1.46 1.00
C49-2 154 8152 92.3 4.5 3.2 1.57 0.82
C49-3 142 6892 89.7 6.3 4.0 * 1.66
C49-4 117 4366 70.5 22.6 6.9 1.99 4.14
C50-1 154 4832 36.8 63.2 0.0 * 2.66

WB063-1 105 4867 92.0 7.9 0.1 * 2.07
WB063-2 152 5720 87.3 12.7 0.0 * 2.13



CHARACTERISTICSOF CORES. continued

CORE
LENGTH DRY %

SAMPLE NAME (CM) SAMPLE WT SAND

SAND
% % PHI

MUD GRAVEL MEAN

WT%

THM
---------
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2.53

2.87
1.66
9.12
0.41

WB063-3 153 5667 78.8 21.1 0.1 *

SUM 2232476
AVERAGE 7698.19 79.07 18.99 1. 94 2. 67

STD 3407. 28 18.30 17.96 4.43 0.54
MAX VALUE 19666.46 99.13 83.36 49.36 3.40
MIN VALUE 1948.00 16.58 0.30 0.00 1.11



B. CHARACTERISTICSOF GRABSAMPLES

45
-- --

DRY WTX
SAMPLENAMESAMPLEWT 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 4.33
30 3967 7.00
31 1986 3.03
32 3291 8.06
33 2160 5.12
34 2135 7.70
35 2443 7.12
36 7242 9.07
39 4873 8.35
40 4037 5.25
41 4940 8.62
42 4807 11.06
43 6902 2.94
44 4871 4.12
45 3058 2.35
46 5008 6.80
47 5440 6.18
48 7457 9.39
49 4147 6.32
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CHARACTERISTICSOF GRABS.continued

DRY WT';
SAMPLENAMESAMPLEWT THM
----------- --------- ---------

50 5221 6.30
51 7310 6.49
52 6758 5.90
53 4421 7.79
54 8332 14.66
55 5705 7.87
56 4445 7.95
57 5197 7.79
58 4521 5.44
59 4225 11. 02
60 3268 4.51
61 4354 6.08
62 6037 2.93
63 5352 3.65
64 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 4.92
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 4.74
81 3607 4.39
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 4.38
90 11051 0.80
91 6650 4.52



CHARACTERISTICSOF GRABS.continued

DRY WT%
SAMPLE NAMESAMPLEWT THM

---------
93
94
95
96
97
98

100
101

6291
8021
7902
6542
6502
7250
5395
4760

0.97
0.82
0.42
0.79
1.12
6.25
4.48
3.47

47

SAND
DRY % % % PHI wn

SAMPLENAMESAMPLEWT SAND MUDGRAVEL MEAN THM
----------- --------- ----- ----- ------ ----- ---------

STA054 5074 97.1 2.8 0.1 2.20 5.12
STA055 5806 98.0 1.4 0.6 * 0.50
STA056 6034 98.3 1.4 0.3 * 0.83
STA093 6635 94.1 5.9 0.0 2.80 5.64
STA094 6323 96.8 3.0 0.2 2.47 7.45

51-1 19715 * * * * .0.79
51-2 14692 * * * * 0.09
51-3 19892 * * * * 0.08
51-4 17330 * * * * 9.99

SUM 583373
AVERAGE 5833 96.8 2.9 0.3 2.49 4.43

STD 3210 1.7 1.8 0.2 0.30 3.14
MAXVALUE 19891 98.3 5.9 0.6 2.80 14.66
MIN VALUE 915 94.1 1.4 0.0 2.20 0.08



EXPLANATIONOF MINERALCOMPOSITIONDATA
for Appendices III. IV. and V

"Po means several grains of the mineral were observed: that is. the mineral
was present in the sample.

Mineral names not spelled completely in column heading have been abbreviated
as follows: IL = ilmenite. MAG = magnetite. GAR = garnet. EP = epidote.
STAUR = staurolite. PYROBOLE= pyroxene and amphibole minerals combined.
SILL/KY = sillimanite and kyanite. TOUR = tourmaline. LEUCOX= leucoxene.

"ECON" is the sum of the weight percents of ilmenite. rutile. leucoxene.
sillimanite/kyanite. monazite and zircon.

"RHM"is recovered heavy mineral sand "THM" is total heavy mineral s.

IIMAG"(magnetite) contains an undetermined amount of titanomagnetite.

"*11 means data not available.
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APPENDIXI II

A. COMPOSITIONOF CORESAMPLES

WT % WT % WT % WT % WT % WT %
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

BO1-1 9.36 14.30 15.01 9.42 0.28 32.84
BOl-2 7.06 14.70 20.42 8.84 4.33 38.31
B02-1 5.44 19.96 25.41 5.87 3.37 35.94
B02-2 5.40 20.09 15.99 8.14 0.21 34.58
B03-1 4.70 16.71 11. 37 11. 91 0.10 35.04
B03-2 7.01 13.69 18.71 9.06 0.25 34.33
B03-3 4.95 15.23 14.38 7.08 0.39 32.58
B04-1 5.25 12.60 14.80 8.10 0.56 32.72
B05-1 4.83 21.03 17.06 8.37 6.14 37.23
B05-2 5.05 25.54 12.42 7.51 4.86 34.11
H01-1 3.15 29.89 22.02 8.10 2.77 32.21
HOl-2 9.26 17.22 17.52 4.73 0.06 33.66
HOl-3 11.00 17.39 9.32 3.80 2.54 31.97
H02-1 3.96 15.86 12.14 6.39 0.37 34. 15
H02-2 9.28 20.44 8.89 7.50 P 40.66
H02-3 4.00 13.39 11. 76 4.63 0.27 30.40
H03-1 4.37 17.15 12.49 5.46 0.73 36.04
H04-1 7.74 15.32 16.07 8.5g 0.07 34.51
H04-2 10.82 13.24 8.52 3.91 6.72 49.39
H04-3 13.11 14.84 11.60 7.62 . 0.71 37.24
H05-1 8.67 15.89 15.02 6.43 0.34 33.52
H06-1 6.45 14.35 19.44 6.91 0.06 33.70
H06-2 3.36 20.23 19.09 7.82 4.52 36.40
H06-3 2.40 15.31 14.20 6.65 0.03 35.00
H06-4 5.25 10.02 11.81 7.45 0.29 35.24
H07-1 8.04 19.23 17.29 7.60 0.35 34.09
H07-2 3.33 13.19 18.54 4.33 2.94 44.46
H07-3 12.80 9.92 12.22 6.93 0.03 33.52
H08-1 7.28 20.72 14.97 6.47 0.07 33.81
H08-2 9.09 14.52 16.64 7.80 0.07 31. 93
H09-1 17.07 7.65 14.76 5.20 0.31 33.29
H10-1 17.56 9.36 12.73 7.74 0.11 35.07
H10-2 18.03 8.76 15.05 6.24 0.44 32.22
Hl1-1 10.78 15.48 19.57 7.61 0.01 34.02
H12-1 6.68 20.71 15.84 5.41 0.27 32.41
H12-2 8.09 12.69 11.58 4.88 0.22 31.59
H13-1 9.35 20.24 6.75 2.22 2.30 35.81
H14-1 4.20 14.59 20.26 8.96 3.27 35.80
H14-2 12.36 9.25 11. 34 4.83 2.82 36.09
V1-1 2.69 19.44 17.81 8.49 0.19 34.32
Vl-2 1.42 50.71 6.69 12.80 2.34 29.96
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

Vl-3 1.44 45.72 2.54 12.81 3.81 29.98
Vl-4 1.68 56.22 6.29 6.12 1.86 28.88
V2-1 4.07 23.85 15.24 7.40 0.95 33.76
V2-2 3.09 45.22 9.76 9.11 0.63 28.86
V2-3 0.51 37.16 14.73 15.08 1.95 28.81
V2-4 1.68 50.09 4.82 7.51 0.85 30.02
V4-1 5.72 23.83 12.95 4.96 1.23 36.09
V4-2 0.85 38.30 9.62 9.92 2.48 32.46
V4-3 2.21 32.38 10.96 17.14 1.35 29.97
V4-4 2.21 45.16 8.87 13.37 1.17 29.71
V3-1 2.34 32.51 12.71 7.18 2.52 33.54
V3-2 0.81 36.21 3.37 15.10 2.59 28.55
V5-1 3.03 18.17 15.98 8.77 2.19 35.64
V5-3 1.55 42.75 6.65 12.18 2.97 31. 82
V5-4 3.10 44.27 5.72 13.65 1.81 29.68
V5-5 8.86 45.79 . 9.50 3.69 2.81 31.12
V6-1 6.92 24.09 18.17 4.01 0.35 32.21
V6-2 4.28 24.97 14.86 7.81 1.44 29.91

1090-1 8.30 26.15 14.81 9.05 0.39 36.92
1090-2 5.13 25.84 16.38 9.67 0.79 36.26
1091-1 3.67 24.11 15.31 8.10 . 0.52 34.57
1091-2 2.57 30.41 14.36 8.63 0.38 32.75
1091-3 6.14 37.86 10.46 6.19 0.90 30.89
1092-1 0.85 45.28 9.81 13.01 1.48 31.69
1092-2 0.76 46.82 3.69 14.91 1.23 31.81
1094-1 3.24 36.10 13.20 7.20 1.13 32.68
1094-2 1.36 47.67 9.06 10.53 0.62 30.20
1095-1 10.29 23.13 18.31 6.16 0.81 33.79
1095-2 1.15 46.39 4.67 16.89 2.29 30.43
1096-1 5.82 25.74 13.69 10.06 0.77 32.56
1096-2 2.83 39.03 8.67 18.06 1.25 32.07
1097-1 5.62 30.25 14.61 9.00 0.80 37.59
1097-2 1.15 46.66 5.15 17.61 1.41 29.53
1097 -3 1.25 53.25 8.56 4.52 0.76 31.03
1098-1 0.75 49.89 5.39 15.01 2.63 30.97
1098-2 1.43 60.33 2.01 6.96 1.34 29.13
1099-1 6.62 34. 19 12.61 8.61 0.76 31. 52
1099-2 1.40 51.02 6.31 11.53 1.48 28.54
1100-1 10.58 24.72 13.15 5.16 0.58 36.55
1100-2 2.78 45.03 7.06 10.58 .1.64 33.82
1103-1 2.55 38.64 14.57 6.16 0.77 35.62
1103-2 1.37 40.50 12.30 7.54 0.51 32.42
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COMPOSITIONOF CORESAMPLES. continued

WT % WT % WT % WT % WT % WT %
SAMPLE NAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

1103-3 12.07 21. 50 18.01 7.39 0.66 36.49
1106-1 3.78 37.70 22.82 7.69 0.05 31.94
1106- 2 4.67 29.36 20.27 7.10 1.19 38.59
1107-1 4.00 30.76 17. 18 6.55 1.03 37.21
1107-2 5.07 19.67 19.91 6.98 0.60 37.12
1109-1 7.27 22.70 15.94 10.86 0.88 37.54
1111-1 12.52 24.43 17.48 6.26 0.13 35.32
1111-2 10.98 29.74 19.42 6.08 0.25 33.39
1116-1 13.45 25.36 15.21 5.66 0.46 32.82
1116-2 9.73 27.64 17.18 6.12 0.51 31.31
1119-1 4.89 21.87 20.14 7.07 0.84 32.27
1119-2 6.97 28.19 19.36 4.85 0.34 33.00
1120-1 4.41 24.62 16.08 8.01 0.85 35.57
1120-2 8.29 32.17 20.13 5.62 0.42 33.66
1121-1 15.07 21. 04 21.66 1.60 1.00 33.41
1122-1 13.18 27 .39 13.92 7.39 0.62 33.67
1127-1 13.28 24.63 17.10 5.51 0.76 32.72
1127-2 7.22 28.96 15.72 9.49 0.04 35.05
1129-1 12.25 23.13 16.71 8.69 0.34 33.15
1129-2 13.83 18.66 15.93 7.88 0.48 37.66
1130-1 18.35 21. 58 21. 30 6.54 . 0.16 30.99
1130-2 10.01 23.01 14.21 9.11 0.13 45.84
1131-1 27.58 26.69 10.79 6.68 0.33 30.98
1132-1 20.71 21.69 18.36 5.14 0.32 31.50
1134-1 12.12 33.99 21.54 3.57 0.52 30.56
1134- 2 15.29 30.93 19.10 3.51 0.20 34.37
1136-1 11. 98 28.72 19.54 3.18 0.50 31.64
1136-2 11.98 28.09 15.74 7.23 0.21 31.46
1136-3 8.19 29.35 19.01 8.10 0.65 33.63
1139-1 4.98 26.64 22.64 4.65 0.81 34.04
2000-1 3.28 26.55 16.97 9.61 0.22 34.63
2000-2 2.54 21.59 17.11 8.66 0.06 39.30
2001-1 3.77 20.24 18.92 8.61 0.33 36.17
2002-1 5.07 29.15 17.49 9.24 0.29 33.79
2002-2 4.72 29.41 13.72 10.77 0.39 38.62

110-1 3.54 32.48 12.77 8.34 1.46 30.62
110-2 7.16 18.77 17.97 9.98 0.46 35.14
110-3 1.60 20.25 15.16 9.40 2.78 34.25
115-1 1.21 28.03 16.83 6.19 2.74 32.16
116-1 0.90 31.50 14.06 7.52 3.28 32.91
116-2 0.75 31.64 14.78 6.13 2.50 30.24
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

116-3 1.38 35.92 13.50 10.10 2.70 29.68
116-4 0.37 36.39 13.97 6.34 2.37 31.58
116-5 0.23 31.24 15.21 7.60 2.04 31.43
117-1 0.29 29.86 15.12 5.09 3.17 33.32
117-2 0.07 27.72 30.70 4.54 3.13 32.07
117-3 0.09 28.32 27.00 5.09 2.68 30.95
117-4 0.14 22.80 23.07 6.55 3.76 30.85

C1-1 0.29 29.94 22.57 5.35 3.52 10.75
Cl-2 0.67 17.44 15.46 5.54 7.72 33.54
Cl-3 0.65 17. 08 20.91 5.94 1.80 30.95
Cl-4 0.70 15. 87 15.13 4.82 1.86 39.82
C2-1 4.21 27. 13 23.98 4.91 1.27 18.11
C2-2 3.71 19.63 21.77 6.09 0.69 20.84
C2-3 3.67 20.60 15.93 4.97 3.67 31. 30
C2-4 1.58 25.01 18.05 6.50 3.86 17.79
C3-1 4.72 10.67 19.11 9.62 0.59 20.49
C3-2 5.16 20.91 17.98 5.35 0.12 12.76
C3-3 7.56 19.59 17.74 7.80 0.81 10.55
C3-4 2.48 29.90 16.26 5.51 0.19 13.63
C4-1 5.00 17.34 23.45 4.99 2.07 29.73
C4-2 2.11 14.76 14.73 8.89 . 1.84 38.22
C4-3 1.66 18.43 20.78 6.01 0.15 23.40
C5-1 1.64 29.47 18.19 7.81 4.87 19.83
C5-2 2.98 11.95 14.24 5.06 1.00 38.42
C5-3 4.18 11.15 15.86 8.85 4.57 35.23
C5-4 9.25 10.91 16.66 8.48 5.73 24.74
C6-1 5.13 20.48 17.27 9.67 5.36 22.73
C6-2 6.31 17.09 21.36 3.53 1.10 27.13
C6-3 12.64 8.91 22.72 4.26 4.89 24.40
C7-1 9.96 19.80 24.24 5.75 0.88 22.84
C7-2 1.84 32.86 31. 94 4.90 5.76 8.76
C7-3 13.01 24.62 21.77 6.38 0.80 17.61
C8-1 4.78 30.41 16.95 5.04 0.16 22.26
C8-2 15.33 10.70 19.11 7.17 4.34 25.32
C8-3 10.01 8.95 23.21 4.65 0.90 35.93
C8-4 17.87 7.97 21.15 6.23 0.90 28.65
C9-1 8.47 21.17 9.81 9.05 2.99 29.10
C9-2 4.31 21. 91 17 .45 5.68 1.23 33.58
C9-3 6.23 20.63 11.03 12.61 2.79 19.35

C10-1 5.88 26.28 25.34 6.85 1.10 17.29
C10-2 15.78 9.89 13.03 10.29 2.07 29.13
C10-3 14.35 9.50 16.26 7.36 4.13 16.68
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

C10-4 14.36 . 6.70 12.14 5.85 1.39 24.97
C11-1 1.49 17.79 14.14 5.10 3.64 35.86
Cl1-2 0.80 15.44 7.87 3.61 4.78 45.26
Cll-3 8.49 14.90 20.00 2.62 0.26 19.48
Cl1-4 7.37 19.73 14.55 6.59 0.22 17.91- C12-1 11.20 15.53 26.46 15.50 1.45 17.67
C12-2 20.32 9.63 13.37 11.55 1.85 19.86
C12-3 23.36 14.76 16.84 5.82 1.34 15.49
C12-4 25.36 8.14 19.82 9.50 3.33 12.12
C13-1 6.03 15.26 19.26 10.77 7.79 21.77
C13-2 7.00 11.44 17.04 9.57 1.15 28.93
C13-3 7.07 12.58 15.32 4.28 . 0.52 27.47
C14-1 13.45 9.36 15.85 7.04 1.65 37.40
C14-2 15.33 6.47 12.70 5.19 0.36 31.01
C14-3 14.16 9.07 11.25 11.56 4.24 19.86
C14-4 22.23 3.28 18.36 6.22 0.56 27.10
C15-1 13.16 12.47 9.99 11.23 3.03 30.55
C15-2 23.12 7.32 14.71 9.34 6.39 21.93
C16-1 13.02 13.61 19.59 13.96 8.84 11.52
C16-2 13.67 3.31 14.30 8.23 6.21 33.05
C17-1 9.64 15.47 16.53 14.36 . 3.61 20.59
C17-2 16.24 8.30 17.37 7.13 P 22.88
C17-3 16.05 5.16 13.63 7.13 1.17 30.96
C17-4 17.79 6.81 16.05 11.66 1.22 29.02
C17-5 22.83 4.03 17.06 6.22 1.19 24.82
C18-1 3.89 10.79 11.02 7.69 1.91 39.39
C18-2 5.13 8.86 20.23 14.00 4.61 24.61
C19-1 13.42 13.38 11.22 7.31 3.07 29.52
C19-2 5.72 13.82 14.45 12.86 5.78 28.16
C19-3 1.26 17.83 14.77 12.04 6.17 29.31
C20-1 2.75 26.49 10.05 4.93 3.62 30.00
C20-2 4.12 23.58 13.71 8.09 3.69 18.92
C20-3 6.47 18.61 4.54 15.75 9.43 15.36
C20-4 13.17 21. 74 4.15 12.78 1.98 18.54
C21-1 5.29 22.12 14.20 13.09 3.37 16.54
C22-1 2.81 25.96 9.17 7.55 2.82 28.80
C22-2 3.23 24.30 12.64 5.13 1.66 31.32
C22-3 9.41 20.86 14.05 8.19 3.78 22.63
C22-4 5.55 24.99 11.50 4.46 4.20 29.44
C23-2 5.02 21.24 15.83 8.50 2.22 29.93
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COMPOSITIONOFCORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

C23-3 1.91 24.34 14.14 5.74 2.54 33.14
C23-4 0.49 24.03 11.68 4.58 2.91 27.96
C24-1 1.70 28.92 13.41 7.11 2.17 25.15
C24-2 4.68 24.97 12.04 8.41 6.90 19.96
C25-1 0.43 35.22 7.85 9.90 3.30 19.44
C25-2 0.84 35. 87 8.30 8.09 2.84 16.51
C25-3 0.53 27.61 13.34 8.57 2.84 18.55
C26-1 4.37 33.39 6.59 12.52 2.60 18.97
C26-2 6.95 19.76 10.47 7.67 2.11 24.98
C26-3 17.17 8.47 13.41 6.82 2.75 25.90
C27-1 5.07 18.69 8.71 10.83 1. 76 31.11
C27-3 0.69 44.43 10.58 5.97 2.02 13.76
C28-1 0.35 34.13 10.80 9.48 3.87 20.96
C28-2 5.82 26. 08 9.51 7.06 3.10 25.47
C28-3 5.26 18.20 16.89 7.98 1.93 21.39
C28-4 4.12 28.67 6.53 9.12 1.98 21. 76
C29-1 2.65 39.62 10.20 6.68 2.75 16.99
C29-2 1.43 31.61 7.00 8.92 1.56 26.50
C30-1 2.26 24.22 11.24 8.59 4.75 22.09
C31-1 0.51 34.59 9.53 6.88 3.28 26.81
C31-2 1.20 36.77 4.77 10.96 . 3.36 19.05
C31-3 5.53 30.61 14.27 7.66 4.15 13.96
C31-4 9.62 13.02 12.23 12.92 5.14 22.57
C32-1 4.79 27.79 8.15 7.34 0.42 29. 83
C32-2 7.66 16.24 13.54 8.92 3.98 24.26
C32-3 9.98 24.02 10.40 10.35 1.30 20.08
C33-1 7.52 13.39 10.45 9.23 2.65 27.56
C33-2 7.92 13.07 12.36 8.88 1.06 26.97
C33-3 9.04 13.20 12.26 10. 87 2.24 21. 20
C33-4 5.24 24.95 10.96 7.91 1.62 20.18
C34-1 0.42 32.91 10.70 5.88 1.96 31.74
C34-2 3.14 32.86 12.34 7.40 3.54 19.73
C34-3 6.44 17.64 10.05 9.08 1.43 31.16
C35-1 3.02 20.55 10.40 6.32 1.00 22.95
C35-4 1.95 29.82 8.66 9.02 3.34 18.33 .
C36-1 0.90 41. 83 18.96 6.44 5.01 11. 08
C36-2 0.48 34.89 11.83 5.39 5.05 22.53
C36-3 1.10 40.04 10.63 6.73 2.40 19.16
C36-4 2.03 26.01 11.89 5.89 4.79 23.76
C37-1 11. 57 13.50 18.23 8.99 2.93 21. 83
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COMPOSITIONOFCORESAMPLES.continued

WT % WT % WT % WT % WT % WT %
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

C37-2 0.69 26.93 16.73 8.68 2.79 22.79
C37-3 1.88 30.55 11.43 3.80 3.87 25.74
C38-1 6.98 14.17 12.68 6.71 2.53 35.29
C38-2 0.92 19.75 16.99 9.74 3.31 15.77
C39-1 9.77 18.74 16.53 4.00 0.81 31.43
C39-2 1.37 21.36 15.72 8.91 0.13 37.79
C39-3 1.30 29.26 18.63 4.06 2.18 29.39
C40-1 10.55 19.23 16.07 10.10 4.66 19.00
C40-2 3.84 22.96 11.15 4.80 1.84 34.39
C40-3 1.20 25.74 14.87 6.61 1.56 31.43
C41-1 8.96 19.92 19.92 13.25 3.47 14.19
C41-2 2.70 20.79 11.98 10.89 3.82 16.53
C41-3 2.53 25.50 14.00 4.10 2.21 32.40
C42-1 1.62 34.40 11. 50 10.21 3.59 18.08
C42-2 3.07 31.44 13.40 7.75 1.85 21.65
C42-3 3.33 31.18 20.43 9.26 4.88 10.48
C42-4 1.90 49.40 5.45 7.45 2.66 13.35
C43-1 10.23 5.11 21.39 24.35 8.86 11.63
C43-2 1.51 28.84 14.77 7.69 2.49 21.97
C43-3 4.44 18.49 18.21 3.40 2.22 33.12
C44-1 9.05 14.45 14.17 7.09 . 2.93 32.46
C44-2 0.40 27.87 17.28 10.48 4.74 20.12
C44-3 3.07 24.32 11.47 6.16 7.00 23.30
C45-1 4.00 13.30 19.27 11. 75 6.53 24.63
C45-2 1.20 16.99 13.92 12.37 5.72 26.76
C45-3 0.84 22.21 13.95 5.28 2.90 22.70
C46-1 3.69 19.62 17.64 10.04 3.71 22.37
C46-2 1.14 22.84 14.30 8.07 4.44 27.48
C46-3 2.81 17.80 12.99 5.76 4.84 26.92
C46-4 1.11 29.17 14.15 8.14 3.23 21. 86
C47-1 6.49 18.15 14.37 8.80 2.67 27.94
C47-2 0.43 33.49 10.83 8.53 5.08 18.71
C48-1 0.49 29.11 14.09 14.36 6.38 15.22
C48-2 0.77 16.89 15.21 10.54 4.60 22.29
C48-3 1.07 27.71 13.83 8.50 5.70 17.69
C48-4 0.85 29.65 16.92 5.73 5.91 18.64
C49-1 0.69 28.89 10.56 10.32 6.48 17.97
C49-2 0.50 30.27 9.58 12.44 8.55 16.16
C49-3 0.83 25.11 9.53 7.99 3.47 33.40
C49-4 0.62 21.71 14.72 11. 86 4.63 23.87
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COMPOSITIONOFCORESAMPLES.continued
-

WT % WT % WT % WT % WT % WT %
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

C50-1 2.03 20.40 4.28 4.46 2.94 6.43
WB063-1 0.24 39.20 4.74 17.24 3.73 18.50
WB063-2 0.67 40.78 4.70 10.52 2.61 16.21
WB063-3 2.01 35.64 2.64 15.71 2.26 15.29

AVG 6.03 24.01 14.42 8.10 2.28 28.17
STD DEV 5.37 10.71 4.95 3.14 1.95 7.57

MAXVALUE 27.58 60.33 31.94 24.35 9.43 49.39
MIN VALUE 0.07 3.28 2.01 1.60 0.00 6.43



-. --
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

B01-1 0.97 0.85 0.57 0.57 0.78 .p
BOl-2 0.59 1.01 1.75 0.25 0.58 0.12
B02-1 1.04 1.66 1.54 0.19 0.25 0.46
B02-2 0.64 0.55 0.57 0.28 1.86 0.15
B03-1 0.56 0.73 0.59 1.09 0.86 0.05
803-2 0.70 1.20 0.40 0.72 0.70 0.04
B03-3 1.68 1.06 0.72 1.29 1. 70 P
804-1 0.94 0.50 0.00 0.33 0.74 P
B05-1 0.65 3.31 0.92 0.18 0.54 0.51
B05-2 1.81 3.01 1.85 0.40 0.70 0.99
H01-1 0.75 3.12 1.14 0.27 1.80 1.15
HOl-2 1.25 0.24 0.14 1.16 0.43 0.06
HOl-3 2.66 2.83 1.44 0.12 0.30 1.44
H02-1 0.86 1.68 0.26 0.19 1.52 0.14
H02-2 P 1. 75 0.63 0.23 0.12 0.45
H02-3 1.05 3.93 0.46 1.16 0.85 P
H03-1 0.78 1.31 1.08 0.67 1.98 0.33
H04-1 1.50 0.67 0.29 1.48 0.81 P
H04-2 0.70 3.91 0.70 0.05 0.05 P
H04-3 0.97 0.57 0.45 0.95 1.53 P
H05-1 1.27 1.15 0.61 0.10 1.23 0.12
H06-1 0.53 0.59 0.44 0.26 0.23 P
H06-2 1.77 3.69 1.17 0.18 0.57 0.15
H06-3 0.60 0.81 0.00 1.35 0.50 P
H06-4 0.96 0.90 0.38 0.56 1.55 P
H07-1 0.71 0.57 0.50 0.66 1.15 0.06
H07-2 1.11 1.57 0.56 1.32 0.23 P
H07-3 0.97 0.32 0.03 0.58 0.37 0.03
H08-1 0.58 0.18 0.32 0.21 0.71 0.14
H08-2 0.88 0.70 0.15 0.83 0.29 0.02
H09-1 0.20 1.57 0.47 1.83 0.45 0.05
H10-1 0.26 1.50 0.47 0.79 0.68 0.01
H10-2 0.61 0.53 0.46 0.79 0.99 0.06
H11-1 1.08 0.14 0.14 0.50 0.58 P
H12-1 0.42 0.49 0.72 0.05 0.68 0.09
H12-2 0.20 0.86 0.60 0.50 0.55 P
H13-1 0.84 3.24 0.98 1.38 1.80 0.37
H14-1 0.98 1.15 1.03 1.96 0.93 0.59
H14-2 1.71 5.19 2.04 0.41 0.33 1.09
V1-1 1.58 0.59 0.05 0.51 0.71 0.05
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COMPOSITIONOF CORESAMPLES.continued
.

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

Vl-2 1.93 2.20 0.32 0.73 1.90 0.36
Vl-3 1.37 3.02 0.17 0.06 2.17 0.33
Vl-4 1.69 0.76 0.05 0.98 3.31 0.29
V2-1 0.69 1.58 0.41 0.52 1.18 0.15
V2-2 2.25 0.75 0.18 0.28 1.77 0.04
V2-3 1.25 3.81 0.21 0.34 1.80 0.29
V2-4 1.62 0.84 0.59 0.16 1.42 0.05
V4-1 0.50 0.80 0.39 0.62 1. 70 0.08
V4-2 2.09 1.43 0.77 0.10 1.86 0.04
V4-3 1.59 1.89 0.22 0.85 2.61 0.11
V4-4 2.08 1.43 0.25 0.35 3.02 0.09
V3-1 1.37 1.85 0.18 0.46 5.39 0.10
V3-2 1.89 3.83 0.28 P 1.06 0.04
V5-1 0.91 0.62 0.56 1.31 1.73 0.03
V5-3 1.61 2.93 0.43 0.36 2.24 0.30
V5-4 1.99 1.17 0.29 1.12 1.40 0.03
V5-5 1.37 1.50 0.13 0.88 3.50 0.16
V6-1 1.38 0.14 0.17 0.44 0.39 0.04
V6-2 1.59 0.06 0.03 1.79 0.45 0.03

1090-1 0.94 0.31 0.23 0.32 0.44 P
1090-2 1.23 1.04 0.52 0.57 1.33 0.07
1091-1 0.56 0.81 0.88 0.73 1.43 2.47
1091-2 1.63 1.02 0.32 .0.09 1.98 0.15
1091-3 2.31 0.92 0.21 0.79 1.16 P
1092-1 1.71 1.61 0.00 0.16 1.37 0.13
1092-2 1.93 1.32 0.11 0.79 3.15 0.05
1094-1 1.26 0.60 0.44 0.65 1.33 0.01
1094-2 1.56 1.48 0.27 0.56 1.71 0.01
1095-1 0.68 0.46 0.39 0.61 1.02 P
1095-2 1.95 1.40 0.48 0.55 1.47 P
1096-1 0.36 0.98 0.26 0.66 0.86 0.05
1096-2 1.63 1.27 0.16 0.18 1.35 0.03
1097-1 0.67 0.99 0.22 0.34 1.08 P
1097-2 1.23 1.36 0.44 0.99 2.13 0.09
1097-3 2.12 0.82 0.28 0.45 1.95 P
1098-1 1.34 2.25 0.45 0.05 2.20 0.13
1098-2 1.51 2.22 0.36 0.02 2.01 0.16
1099-1 1.52 0.63 0.30 0.67 2.10 0.01
1099-2 1.66 2.08 0.32 0.47 1.31 0.25
1100-1 0.66 0.93 0.65 0.33 1.00 P
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COMPOSITIONOF CORES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ----------

1100-2 1.25 1.85 0.10 0.09 0.83 0.01
1103-1 0.64 0.61 0.27 0.30 1.23 0.01
1103-2 1.36 1.18 0.24 0.44 3.12 P
1103-3 1.21 0.85 0.04 0.55 1.31 0.11
1106-1 0.81 0.68 0.28 0.32 0.77 0.09
1106-2 0.85 0.36 0.24 0.20 0.43 P
1107-1 0.66 0.77 0.47 0.55 0.79 0.12
1107-2 1.43 0.75 0.49 0.35 1.17 0.19
1109-1 0.47 0.22 0.37 0.74 0.96 P
1111-1 1.19 0.46 0.23 0.23 0.82 0.03
1111-2 0.91 0.00 0.32 0.97 0.71 0.03
1116-1 0.96 0.50 0.62 0.11 0.75 0.10
1116-2 2.10 0.39 0.13 0.48 0.36 0.11
1119-1 1.35 0.20 0.27 0.91 0.93 0.22
1119-2 1.35 0.40 0.28 0.90 0.35 0.05
1120-1 1.09 0.98 0.13 1.27 0.55 0.23
1120-2 1.05 0.23 0.17 0.06 1.07 0.03
1121-1 0.94 0.36 0.13 P 0.80 0.04
1122-1 0.90 0.55 0.34 0.71 0.84 0.09
1127-1 0.89 0.25 0.27 P 0.90 P
1127 -2 0.55 0.67 0.17 0.54 1.23 0.07
1129-1 0.86 0.64 0.79 0.22 1.01 0.08
1129-2 0.79 0.68 0.86 0.32 0.79 P
1130-1 0.59 0.51 0.49 0.29 0.58 0.08
1130-2 0.45 0.47 0.28 0.35 0.91 0.03
1131-1 1.06 0.48 0.34 0.30 0.70 0.37
1132-1 0.68 0.52 0.63 0.44 0.84 0.01
1134-1 1.79 0.20 0.39 0.24 0.30 0.17
1134-2 0.95 0.55 0.36 0.06 0.57 P
1136-1 1.13 0.43 0.27 0.59 0.99 P
1136-2 0.61 0.21 0.55 0.31 0.73 0.30
1136-3 1.09 0.28 0.21 0.51 0.48 0.03
1139-1 1.23 0.91 0.63 0.48 1.62 0.26
2000-1 1.34 0.96 0.48 0.29 1.88 0.07
2000-2 1.45 1.03 0.25 0.39 1.42 P
2001-1 1.23 0.59 1.00 0.30 1.75 0.05
2002-1 0.49 0.44 0.21 0.45 0.21 P
2002-2 0.31 0.44 0.47 0.80 0.89 0.01

110-1 1.58 0.72 0.05 0.49 0.52 P
110-2 1.21 0.81 0.09 0.46 1.10 P
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COMPOSITIONOFCORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOXMONAZITE
----------- -------- -------- -------- -------- -------- ---------

110-3 1.15 1.45 0.93 0.47 1.21 0.10
115-1 1.52 1.19 0.91 1.00 1.03 0.11
116-1 1.69 2.37 0.56 0.08 2.16 0.15
116-2 2.05 1.78 0.35 0.54 2.66 0.10
116-3 1.44 2.05 0.53 0.54 1.98 P
116-4 1.95 1.65 1.45 0.17 1.55 0.14
116-5 3.15 1.95 0.62 0.31 2.52 0.23
117-1 1.38 1.25 0.56 0.61 1.76 0.06
117-2 1.70 1.65 0.88 1.34 1.08 0.10
117-3 1.06 1.46 1.06 P 0.92 0.16
117-4 1.26 1.57 0.69 P 1.35 0.06

C1-1 0.68 3.15 0.02 4.57 3.98 0.02
Cl-2 1.48 3.37 0.19 4.00 1.45 P
Cl-3 0.00 2.82 0.23 0.62 2.91 0.08
Cl-4 1.60 2.75 0.53 1.20 2.69 P
C2-1 1.32 0.89 0.40 2.05 1.07 0.03
C2-2 1.16 2.12 0.56 2.65 2.00 P
C2-3 1.03 2.42 0.49 1.15 3.39 P
C2-4 1.34 1.46 0.30 2.65 4.02 D.10
C3-1 1.73 2.75 0.03 1.17 0.91 P
C3-2 1.08 4.18 0.02 1.33 0.52 P
C3-3 1.77 3.86 0.08 3.32 1.21 P
C3-4 1.86 2.26 0.12 1.57 1.02 P
C4-1 1.55 1.42 0.18 1.55 1.09 0.03
C4-2 1.55 3.04 0.47 0.77 1.13 P
C4-3 0.87 2.56 P 4.45 1.34 P
C5-1 1.25 3.28 0.33 3.00 2.11 0.05
C5-2 1.89 5.10 0.42 0.51 1.93 P
C5-3 1.57 3.49 0.21 2.80 0.71 P
C5-4 1.39 4.62 0.26 1.31 1.62 P
C6-1 1.52 2.37 0.32 1.35 1.27 0.03
C6-2 1.37 1.65 0.05 0.41 1.15 P
C6-3 2.14 3.52 0.40 0.12 1.16 P
C7-1 0.79 0.88 0.29 0.61 0.00 P
C7-2 0.70 1.03 0.14 1.58 2.21 0.32
C7-3 0.26 1.75 0.44 0.56 1.17 P
C8-I 1.16 2.50 0.40 0.59 0.50 0.06
C8-2 1.23 2.67 0.20 1.94 0.99 PC8-3 1.89 2.40 0.64 0.66 0.49 0.00C8-4 1.41 1.33 0.34 1.97 0.51 PC9-1 1.73 2.45 0.12 2.80 1.99 PC9-2 1.33 2.53 0.15 1.87 1.15 0.00



61

COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILLIKY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

C9-3 1.96 2.44 0.09 2.57 1.16 0.03
C10-1 1.92 2.05 0.38 1.91 0.89 0.04
C10-2 1.43 3.27 0.27 2.27 0.71 P
C10-3 1.53 4.52 0.39 1.30 1.34 0.00
C10-4 1.87 3.64 0.42 0.70 1.86 0.00
C11-1 1.07 3.08 0.26 1.02 2.81 0.07
Cll-2 2.01 5.83 0.81 0.53 3.14 P
Cll-3 0.70 2.91 0.00 2.13 0.60 P
Cll-4 1.34 5.56 P 1.15 0.62 0.02
C12-1 0.45 1.44 0.10 2.05 1.25 P
C12-2 1.53 2.89 0.08 0.36 0.68 P
C12-3 1.17 3.72 0.20 0.74 1.17 0.00
C12-4 1.36 3.15 0.08 0.63 0.51 0.00
C13-1 1.95 1.63 0.31 1.42 2.13 P
C13-2 1.63 3.09 2.52 2.15 3.01 P
C13-3 2.15 3.79 0.21 1.11 0.96 P
C14-1 1.41 0.81 0.12 0.78 0.78 P
C14-2 1.68 3.47 0.67 1.63 0.31 0.00
C14-3 2.10 4.58 0.06 2.05 2.70 P
C14-4 1.75 2.91 0.30 0.59 1.41 P
C15-1 1.20 2.47 0.13 1.55 1.17 0.00
C15-2 1.34 2.23 0.10 0.19 1.40 0.00
C16-1 1.19 2.09 0.10 0.17 0.28 0.00
C16-2 1.69 2.21 0.25 0.22 0.31 P
C17-1 1.45 2.80 0.17 1.34 2.19 P
C17-2 1.38 3.26 0.20 1.04 0.64 P
C17-3 2.18 3.63 0.20 1.89 0.51 P
C17-4 2.09 1.68 0.42 1.07 0.96 0.00
C17-5 2.09 2.02 0.12 1.07 0.46 0.00
C18-1 0.74 4.58 0.43 1.28 1.66 P
C18-2 1.23 2.80 0.17 3.56 1.49 P
C19-1 1.98 1.77 0.73 0.60 1.05 P
C19-2 1.55 3.51 0.20 0.83 0.71 P
C19-3 0.84 2.80 0.29 1.55 2.06 0.04
C20-1 1.83 2.14 0.83 0.55 4.09 P
C20-2 1.22 3.01 0.00 1. 75 6.93 P
C20-3 1.87 2.48 0.19 1.17 2.24 P
C20-4 1.59 2.52 0.61 1.08 3.51 0.00
C21-1 1.57 1.72 0.10 1.32 5.82 P
C22-1 1.73 3.16 0.13 0.67 7.87 P
C22-2 2.04 2.93 0.28 0.59 5.59 P
C22-3 1.24 2.91 0.17 1.74 4.04 P
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COMPOSITIONOFCORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOXMONAZITE
----------- -------- -------- -------- -------- -------- ---------

C22-4 1..37 4.24 0.36 0.84 3.06 0.05
C23-2 0.71 1.63 P 0.63 2.61 P
C23-3 1.36 1.83 0.10 1.04 1.81 0.06
C23-4 1.06 1.79 0.98 1.09 3.23 P
C24-1 2.30 3.43 0.05 0.79 4.04 0.05
C24-2 2.03 4.10 0.41 2.18 4.08 P
C25-1 2.67 3.73 0.52 1.81 3.84 P
C25-2 1.72 2.47 P 0.64 3.41 P
C25-3 1.13 3.18 0.61 0.38 2.12 P
C26-1 1.83 2.25 0.15 2.37 3.59 0.03
C26-2 2.55 3.58 0.00 1.32 2.03 P
C26-3 2.68 2.76 0.37 1.76 1.36 P
C27-1 0.94 2.70 0.07 0.26 1.44 P
C27-3 2.05 2.63 0.52 0.89 3.03 P
C28-1 1.93 3.06 0.74 1.27 4.28 0.13
C28-2 1.86 2.13 0.00 1.20 2.55 0.02
C28-3 1.72 2.13 0.47 3.92 2.15 P
C28-4 1.57 3.27 0.13 3.31 3.37 0.04
C29-1 1.47 3.13 0.03 1.78 2.04 0.07
C29-2 1.81 2.35 0.34 0.87 2.09 0.09
C30-1 2.16 3.46 0.24 1.34 2.42 P
C31-1 2.07 3.53 1.61 0.39 3.15 0.05
C31-2 2.25 4.25 0.86 2.01 4.86 0.05
C31-3 2.30 3.12 0.21 1.33 2.09 0.03
C31-4 1.60 2.47 0.82 0.30 3.00 P
C32-1 2.55 3.03 0.35 1.27 3.00 P
C32-2 1.38 2.65 0.04 1.61 3.18 0.02
C32-3 1.75 3.06 P 1.48 2.60 P
C33-1 3.03 5.59 0.22 0.86 1.92 P
C33-2 1.91 2.63 0.13 1.68 1.40 P
C33-3 1.69 1.81 0.69 2.21 2.34 P
C33-4 1.49 3.42 0.15 0.50 2.63 0.06
C34-1 2.04 3.31 0.64 0.87 1.84 0.10
C34-2 1.14 3.16 0.04 1.95 2.52 P
C34-3 1.55 3.68 0.31 0.87 1.90 P
C35-1 1.46 2.80 0.65 2.20 3.88 P
C35-4 2.01 2.17 0.91 1.03 4.57 P
C36-1 1.73 4.08 P 0.77 2.37 0.37
C36-2 1.48 4.69 1.48 0.45 2.03 0.05
C36-3 1.79 3.20 0.97 0.71 1.56 0.12
C36-4 1.57 4.47 0.00 4.13 3.20 P
C37-1 1.18 3.23 0.05 0.69 2.54 P
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COMPOSITIONOFCORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOXMONAZITE
----------- -------- -------- -------- -------- -------- ---------

C37-2 1.80 2.50 0.16 1.88 1.28 P
C37-3 2.46 2.36 1.40 0.32 2.64 0.04
C38-1 1.44 2.27 0.64 0.72 1.23 0.05
C38-2 1.40 4.20 0.25 1.67 1.59 P
t39-1 1.75 1.66 P 0.72 1.23 P
C39-2 1.33 2.24 0.31 0.99 0.54 P

. C39-3 2.05 2.89 0.82 0.34 1.03 0.04
C40-1 1.27 2.57 0.11 1.80 1.56 P
C40-2 2.12 3.08 0.60 0.56 3.25 0.02
C40-3 1.52 2.41 0.41 1.64 2.81 P
C41-1 1.60 3.85 0.11 1.09 1.17 0.00
C41-2 2.05 6.15 0.16 1.55 2.87 P
C41-3 2.02 2.32 1.06 1.21 2.53 P
C42-1 1.64 2.06 0.07 2.86 2.88 P
C42-2 1.83 2.49 P 0.71 2.11 0.03
C42-3 2.50 2.59 0.00 0.46 0.93 0.06
C42-4 1.95 2.09 0.17 0.37 2.00 0.15
C43-1 1.72 1.97 0.18 1.23 2.48 P
C43-2 1.44 3.05 0.12 4.68 1.34 0.04
C43-3 1.28 2.31 0.06 0.98 0.77 P
C44-1 1.41 2.48 0.07 0.33 1.55 0.00
C44-2 1.25 2.89 0.22 3.21 0.60 P
C44-3 1.10 2.31 0.12 3.87 2.45 P
C45-1 1.35 2.09 0.06 0.78 2.70 0.00
C45-2 1.03 4.50 0.23 3.28 2.27 P
C45-3 2.15 4.03 0.18 2.18 2.68 P
C46-1 1.37 2.63 0.07 1.38 1.43 P
C46-2 0.85 2.94 0.13 4.47 1.30 P
C46-3 1.09 3.35 P 3.72 1.93 P
C46-4 1.99 3.34 0.16 3.08 1.16 0.04
C47-1 1.73 2.67 P 0.25 2.63 P
C47-2 1.23 4.90 P 0.88 3.06 0.04
C48-1 2.13 3.79 P 1.63 3.41 P
C48-2 1.68 3.72 0.06 2.49 3.85 P
C48-3 2.28 5.64 0.38 2.59 2.31 P
C48-4 1.74 3.16 0.12 2.11 3.03 P
C49-1 1.62 4.04 2.38 0.20 3.61 0.05
C49-2 1.44 4.62 0.25 2.02 4.20 P
C49-3 1.62 3.93 0.71 0.58 1.04 P
C49-4 1.33 3.05 0.03 2.36 1.38 P
C50-1 0.87 4.02 0.39 0.75 1.63 P

WB063-1 1.81 3.67 0.12 P 1.34 P
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUT!LE SILL/KY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

WB063-2 0.59 2.75 0.29 1.55 4.15 P
WB063-3 1.10 2.65 1.13 1.80 5.71 0.04

AVG 1.40 2.17 0.39 1.05 1.73 0.08
STD DEV 0.55 1.32 0.39 0.93 1.21 0.21

MAXVALUE 3.15 6.15 2.52 4.68 7.87 2.47
MIN VALUE 0.00 0.00 0.00 0.00 0.00 0.00
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- --------

801-1 1.46 18.86 18.36 2.95 3.91
801-2 2.36 13.32 19.35 2.17 2.88
802-1 3.93 11.52 27.30 2.31 2.42
802-2 1.58 14.41 24.88 3.73 3.88
803-1 1.56 15.55 20.46 2.85 3.20
803-2 3.66 13.41 19.99 2.59 3.33
803-3 3.31 26.08 22.98 2.52 3.26
804-1 1.63 23.81 16.41 1.87 2.53
805-1 3.96 10.88 30.00 1.48 1.86
805-2 4.77 12.43 36.82 1.12 1.82
H01-1 3.10 11.04 39.81 3.57 3.86
HOl-2 2.73 19.09 21. 91 4.22 5.10
HOl-3 7.60 29.91 32.23 5.13 5.48
H02-1 2.46 27.88 22.51 1.53 2.32
H02-2 2.32 20.61 25.08 0.23 1.09
H02-3 7.61 26.96 26.84 0.68 1.34
H03-1 3.13 18.78 24.68 1.85 2.14
H04-1 3.03 17.50 21. 34 2.46 3.06
H04-2 4.19 12.38 22.09 0.63 1.37
H04-3 2.27 21.40 20.18 1.15 1.57
H05-1 3.33 18.07 22.98 3.28 . 3.67
H06-1 1.67 17.43 17.37 2.68 3.13
H06-2 4.47 14.35 30.88 1.46 1.70
H06-3 3.52 26.66 20.74 1.23 1.49
H06-4 3.81 28.65 17.24 0.59 0.74
H07-1 2.07 14.66 23.77 3.08 3.75
H07-2 3.53 16.55 19.63 1.46 1.87
H07-3 2.46 21.25 14.06 1.32 1.54
H08-1 2.25 16.91 24.58 5.21 5.52
H08-2 3.15 17.22 19.56 2.25 2.85
H09-1 6.59 23.50 16.53 2.44 3.62
H10-1 1.79 24.03 13.61 1.71 2.74
H10-2 3.48 25.40 14.42 1.45 3.21
H11-1 1.02 14.37 18.30 3.11 4.00
H12-1 2.17 22.14 24.55 5.51 6.88
H12-2 1.50 37.73 15.81 4.23 5.34
H13-1 0.78 28.80 27. 27 1.22 2.23
H14-1 3.93 15.92 22.18 0.31 0.52
H14-2 3.42 27.36 20.99 0.41 1.49
V1-1 3.13 11.50 25.50 0.39 1.17

0-
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COMPOSITIONOF CORESAMPLES. continued

WT % WT % WT % WT% WT%
SAMPLE NAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- --------

Vl-2 2.82 4.32 59.92 0.59 0.82
Vl-3 2.74 6.41 55.34 0.34 0.61
Vl-4 3.80 7.81 66.08 0.43 0.83
V2-1 2.21 13.31 29.64 0.93 2.72
V2-2 6.16 10.22 56.19 0.36 1.67
V2-3 2.97 6.38 47.27 0.47 3.90
V2-4 3.66 15.10 57.68 0.79 2.12
V4-1 3.06 12.36 29.98 0.71 1.77
V4-2 2.01 8.04 45.73 0.73 1.06
V4-3 2.40 8.25 40.98 0.57 1.39
V4-4 3.09 7.71 54.87 0.72 1.35
V3-1 3.63 10.43 44.86 0.59 1.42
V3-2 3.11 9.20 46.15 0.27 0.50
V5-1 4.26 18.60 25.71 0.88 1.95
V5-3 3.60 4.87 53.42 0.85 1.26
V5-4 5.04 7.09 53.91 1.01 1.20
V5-5 4.30 6.99 56.61 0.84 1.44
V6-1 4.51 16.55 30.56 1.06 2.48
V6-2 6.62 13.67 33.73 0.75 1.71

1090-1 3.05 12.85 30.89 0.74 2.46
1090-2 3.69 11.68 33.20 0.61 . 1.91
1091-1 9.22 7.19 38.61 0.60 2.36
1091-2 4.05 17.15 39.24 0.64 1.71
1091-3 4.64 12.70 46.89 0.43 1.61
1092-1 3.19 8.28 53.29 0.60 1.70
1092-2 4.90 8.50 58.18 0.56 1.03
1094-1 2.93 11.98 42.23 0.32 1.15
1094-2 4.19 9.96 56.62 0.55 1.01
1095-1 3.62 13.90 28.92 0.64 2.51
1095-2 3.26 9.67 54.46 0.80 2.30
1096-1 2.04 12.59 30.03 0.72 1.84
1096-2 2.84 8.62 46.15 0.74 2.23
1097-1 4.42 10.68 37.40 0.60 2.60
1097-2 3.82 6.99 55.30 0.34 1.39
1097-3 3.17 8.65 61. 31 0.47 1.26
1098-1 1.36 5.85 57.16 0.54 1.78
1098-2 3.08 6.14 69.30 0.22 0.58
1099-1 4.21 10.08 42.66 0.32 1.18
1099-2 3.00 8.38 59.32 0.52 1.78
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- --------

1100-1 3.20 11.60 30.51 0.65 2.64
1100-2 3.99 8.31 52.97 0.73 2.51
1103-1 1.90 8.87 43.02 1.22 1.80
1103-2 2.74 11.35 48.90 0.31 . 1.62
1103-3 4.44 9.34 29.41 0.38 1.74
1106-1 2.32 6.48 42.37 1.41 3.59
1106-2 1.70 9.14 32.69 0.86 2.63
1107-1 2.59 9.99 35.70 0.68 4.35
1107-2 2.01 9.74 25.22 0.60 1.83
1109-1 1.27 13.07 25.62 0.97 3.08
1111-1 3.88 9.42 30.81 0.58 2.76
1111-2 2.72 11.03 34.11 0.60 3.20
1116-1 2.69 12.40 30.36 1.19 4.39
1116-2 3.93 12.89 34.52 1.11 4.00
1119-1 2.17 11. 53 26.75 1.23 2.43
1119-2 3.71 10.73 34.04 1.12 2.39
1120-1 2.08 11.99 29.55 0.96 1.95
1120-2 2.69 11.36 37.24 1.18 3.05
1121-1 4.23 15.23 27.41 1.01 3.44
1122-1 2.23 10.66 32.00 1.31 5.67
1127-1 3.03 11.17 29.70 1.04 . 5.51
1127- 2 3.15 11. 86 34.64 0.72 2.70
1129-1 2.21 10.73 27.92 2.88 7.65
1129-2 2.20 12.46 23.11 0.78 6.11
1130-1 2.94 9.93 26.28 2.62 7.17
1130-2 0.99 16.60 25.87 0.24 1.96
1131-1 2.82 12.08 32.12 1.02 5.92
1132-1 5.57 8.85 29.32 1.21 6.32
1134-1 4.64 9.17 41.09 1.50 8.79
1134-2 3.60 10.51 36.60 1.38 6.82
1136-1 3.46 13.51 34.72 1.96 9.01
1136-2 3.68 13.87 33.63 1.74 6.42
1136- 3 3.56 9.27 34.79 0.83 3.34
1139-1 2.79 7.35 33.45 1.08 2.44
2000-1 2.52 9.73 33.32 0.30 2.00
2000-2 3.37 11.54 28.86 0.14 2.39
2001-1 2.18 11.79 26.04 0.42 2.02
2002-1 3.15 18.08 33.44 0.56 3.75
2002-2 2.45 12.53 33.51 0.60 3.01

110-1 5.49 12.62 40.79 1.09 2.60
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT % WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

110-2 2.19 11. 46 24.07 1.19 2.21
110-3 1. 35 10.49 25.51 1.07 1. 41
115-1 2.10 10.94 33.97 0.25 0.74
116-1 4.01 3.52 41. 87 0.45 0.58
116-2 2.73 10.89 40.97 0.19 0.54
116-3 3.46 7.20 44.85 1.55 2.17
116-4 4.02 8.86 45.70 0.71 0.92
116-5 3.31 7.31 42.41 1.36 1.66
117-1 2.50 8.26 36.81 1.15 1.26
117-2 2.04 5.75 34.29 1.37 3.87
117-3 1.86 6.22 33.77 2.62 3.95
117-4 1. 76 4.48 28.81 1. 91 2.84

Cl-l 4.24 10.92 42.01 1. 72 2.18
CI-2 2.89 6.25 26.62 2.42 3.18
CI-3 0.41 15.58 23.31 1.43 2.09
CI-4 3.85 9.17 26.77 0.68 1.95
C2-1 5.34 9.26 35.80 1. 63 4.12
C2-2 4.85 13.92 29.76 0.39 1.80
C2-3 4.84 6.54 32.28 1.14 2.65
C2-4 2.75 14.60 34.68 0.71 1.41
C3-1 3.67 24.53 19.73 0.64 3.99
C3-2 5.79 24.79 32.48 0.92 4.21
C3-3 7.03 18.70 33.46 0.61 3.54
C3-4 4.03 21. 18 39.06 0.68 3.36
C4-1 4.78 6.81 26.21 0.87 2.65
C4-2 3.46 9.04 23.93 0.91 2.40
C4-3 3.84 16.52 27.04 1. 24 2.66
C5-1 3.09 5.07 39.26 1.62 2.03
C5-2 4.51 11.99 25.38 1. 53 2.91
C5-3 3.30 8.09 20.21 1.56 3.51
C5-4 7.02 8.00 25.56 1.23 3.31
C6-1 5.54 6.96 31. 21 2.02 4.38
C6-2 7.33 11. 52 28. 59 0.26 2.55
C6-3 3.85 10.99 19.57 0.49 5.78
C7-1 2.93 11.05 24.39 0.61 3.14
C7-2 1.93 6.04 39.05 1.07 1.45
C7-3 1.44 10. 18 29.24 1.41 2.35
C8-1 5.13 10.06 39.76 1.85 3.45
C8-2 4.06 6.92 19.65 2.54 6.75
C8-3 3.48 6.79 17.21 0.83 3.65
C8-4 3.67 8.00 14.89 0.67 3.56
C9-1 3.74 6.58 31.07 2.02 4.63
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COMPOSITIONOF CORESAMPLES.continued

WT% WT% WT% WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

C9-2 2.93 5.89 29.84 1.50 3.84
C9-3 5.17 13.95 31.38 1.56 3.16

C10-1 4.80 5.28 35.98 0.76 3.22
C10-2 4.10 7.78 19.40 1.07 4.07
C10-3 6.47 16.20 23.35 1.14 4.98
C10-4 7.85 18.26 21. 91 0.75 4.53
C11-1 4.61 9.06 29.42 1.51 1.88
C11-2 2.45 7.46 28.88 1.64 1.81
Cll-3 6.64 21.27 25.74 0.73 3.53
Cll-4 8.55 16.40 35. 82 0.87 3.08
C12-1 2.05 4.84 20.72 3.05 5.62
C12-2 4.21 13.69 18.93 1.75 5.32
C12-3 7.33 8.08 28.15 3.28 9.12
C12-4 5.61 10.39 18.77 2.59 7.40
C13-1 3.39 8.28 24.36 1.64 3.21
C13-2 3.82 8.65 22.98 1.62 2.64
C13-3 6.93 17.61 26.41 0.95 1.73
C14-1 2.28 9.07 14.64 2.11 4.47
C14-2 5.49 15.69 17.42 0.72 1.99
C14-3 4.46 13.90 22.92 1.26 5.95
C14-4 4.52 10.78 13. 87 0.64 5.61
C15-1 3.60 9.44 20.91 1.94 5.70
C15-2 3.38 8..53 15.68 1.14 6.57
C16-1 2.77 12.85 19.95 2.53 6.91
C16-2 4.49 12.05 12.02 1.82 5.36
C17-1 4.31 7.53 26.23 2.20 3.80
C17-2 6.41 15.15 19.99 1.24 4.26
C17-3 3.88 13.62 15.36 0.98 4.03
C17-4 2.98 8.24 14.53 1.42 5.27
C17-5 4.07 14.02 12.66 0.89 5.72
C18-1 2.43 14.18 20.20 2.07 2.92
C18-2 3.41 9.90 17.79 2.43 3.50
C19-1 4.62 11.34 22.79 1.20 4.06
C19-2 3.68 8.74 .23.26 0.94 2.05
C19-3 1.42 9.63 24.98 1.73 2.08
C20-1 2.94 9.76 37.50 0.56 1.29
C20-2 2.58 12.39 37.32 1.29 1.75
C20-3 4.05 17.86 29.24 0.20 0.97
C20-4 . 5.51 12.83 34.86 0.33 1.93
C21-1 7.14 7.72 38.37 0.38 1.11
C22-1 3.93 5.38 42.66 1.36 1.54
C22-2 4.10 6.20 38.95 1.50 1.76
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COMPOSITIONOFCORESAMPLES.continued

WT % WT % WT % WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

C22-3 3.51 7.46 32.56 1.85 2.38
C22-4 2.61 7.33 36.32 0.87 1.22
C23-2 4.09 7.59 30.28 0.89 1.43
C23-3 3.82 8.17 33.22 1.47 1.59
C23-4 3.42 16.77 33.54 0.84 0.96
C24-1 3.08 7.83 41. 80 0.83 1.05
C24-2 2.86 7.37 38.05 1.16 1.49
C25-1 7.42 3.86 52.88 0.23 0.41
C25-2 4.01 15.30 47 .48 0.38 1.39
C25-3 2.39 18.75 36.43 0.57 1.77
C26-1 4.29 7.03 45.39 1.87 3.53
C26-2 6.35 12.22 34.27 0.95 2.60
C26-3 5.65 10.91 20.92 0.49 5.11
C27-1 4.44 13. 97 28.21 0.40 2.28
C27-3 3.94 9.49 56.08 0.34 2.66
C28-1 3.89 5.10 47.42 1.39 1.88
C28-2 7.17 8.04 39.80 1.42 3.27
C28-3 5.18 12.78 29.39 1.32 3.08
C28-4 5.14 10.99 42.06 0.98 2.40
C29-1 5.93 6.67 52.25 4.32 4.53
C29-2 4.87 10.57 42.80 0.38 1.29
C30-1 4.92 12.31 37.18 0.67 2.96
C31-1 3.53 4.08 46.91 0.59 0.72
C31-2 6.00 3.61 54.17 1.36 1.52
C31-3 5.10 9.65 43.24 1.48 3.14
C31-4 5.36 10.96 25.46 0.84 3.99
C32-1 4.86 6.62 41.24 1.59 2.71
C32-2 5.01 11.49 28.49 0.79 2.73
C32-3 7.54 7.45 38.96 0.90 3.39
C33-1 5.68 11. 91 29.61 0.80 1.95
C33-2 6.63 15.36 25.64 0.65 2.50
C33-3 6.03 16.41 25.07 0.15 2.42
C33-4 5.82 15.05 38.38 0.16 1.24
C34-1 3.04 4.57 43.23 0.96 1.08
C34-2 4.56 7.62 44.24 2.42 3.17
C34-3 3.99 11.91 28.76 0.87 2.14
C35-1 6.40 18.38 35.09 0.13 1.78
C35-4 5.83 12.37 44.40 0.46 1.31
C36-1 4.75 1.70 55.13 0.48 0.62
C36-2 4.64 5.01 47.78 0.59 0.73
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COMPOSITIONOF CORESAMPLES. continued

JT % JT % JT % WT% H%
SAMPLE NAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

C36-3 7.07 4.52 53.78 0.73 0.86
C36-4 4.72 7.54 39.97 0.72 0.80
C37-1 5.62 9.66 26.06 0.91 4.40
C37-2 3.54 10.23 36.05 1.52 2.22
C37-3 3.78 9.72 41.83 1.34 2.16
C38-1 4.87 10.42 24.03 0.46 1.99
C38-2 3.16 21. 26 30.09 0.29 2.32
C39-1 5.36 7.99 28.75 0.90 4.40
C39-2 3.46 5.87 28.92 1.09 4.13
C39-3 3.1'2 4.90 38.38 1.09 2.60
C40-1 4.32 8.74 28.95 0.79 4.56
C40-2 4.43 6.97 35.85 1.19 4.18
C40-3 4.48 5.33 36.96 1.42 2.75
C41-1 4.70 7.76 31.24 0.95 3.85
C41-2 4.51 16.01 36.37 0.63 1.83
C41-3 4.66 5.46 37.04 1.27 2.65
C42-1 3.86 7.23 44.84 1.13 3.56
C42-2 5.07 8.59 42.98 0.86 4.35
C42-3 4.33 9.59 41. 58 0.60 *
C42-4 6.65 6.44 62.22 0.85 3.17
C43-1 2.72 8.13 14.00 1.17 6.38
C43-2 3.63 8.45 38.33 1.46 3.55
C43-3 3.96 10.77 26.81 1.09. 6.72
C44-1 4.53 9.47 24.42 0.90 6.49
C44-2 3.55 7.38 36.17 1.59 3.50
C44-3 3.81 11.03 33.99 0.68 1.74
C45-1 4.49 9.05 23.92 0.31 3.01
C45-2 2.71 9.02 27.49 1.76 2.63
C45-3 5.74 15.18 36.80 1.57 2.85
C46-1 3.16 12.88 28.21 1.08 3.36
C46-2 2.24 9.81 30.17 0.86 2.20
C46-3 2.78 16.01 26.95 0.70 2.19
C46-4 4.74 7.83 40.45 2.28 3.04
C47-1 3.02 11.29 28.19 0.66 .4.47
C47-2 4.27 8.55 46.99 1.33 1.62
C48-1 3.54 5.85 41.99 0.55 0.89
C48-2 1.67 16.24 27.81 0.63 0.91
C48-3 3.78 8.55 41.71 0.50 0.74
C48-4 3.09 9.04 "40.67 1.27 1.79
C49-1 2.95 10.25 41.16 0.78 1.00
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COMPOSITIONOF CORESAMPLES.continued

WT % WT % WT % WT% WT%
SAMPLE NAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

C49-2 3.73 6.26 44.25 0.61 0.82
C49-3 2.70 9.10 34.39 0.86 1.66
C49-4 3.38 11.06 30.85 0.81 4.14
C50-1 3.70 48. 10 30.63 0.32 2.66

WB063-1 4.22 5.19 50.25 1.49 2.07
WB063-2 5.30 9.88 53.56 1.18 2.13
WB063-3 5.11 8.90 50.25 1.19 2.53

AVG 3.84 11.72 33.22 1.19 2.87
STO 0EV 1.50 5.78 11.38 0.87 1.66

MAX VALUE 9.22 48.10 69.30 5.51 9.12
MIN VALUE 0.41 1. 70 12.02 0.13 0.41

284 CORESAMPLES
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APPENDI X I II

COMPOSITIONOF GRABSAMPLES

WT % WT % WT % WT % WT % WT %
SAMPLENAME' MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

1 10.20 16.71 21. 25 5.73 0.53 34.07
2 6.42 31.94 19.89 6.49 1.43 32.23
3 17.05 19.04 29.79 3.43 2.90 32.09
4 9.42 21.44 16.29 2.11 1.81 34.64
5 1.13 24.10 21. 92 8.28 0.17 31. 58
6 0.19 22.81 37.36 2.70 9.04 31.22
7 4.65 18.90 16.35 6.97 1.30 34.66
8 0.23 34.42 22.65 1.59 7.49 34.58
9 0.51 25.56 20.05 2.00 5.24 32.46

10 0.50 25.10 26.23 7.31 P 31.73
11 0.08 31.43 34.83 0.47 2.98 32.17
12 3.00 25.02 21.19 6.51 0.91 29.23
13 2.60 20.21 22.31 5.13 0.49 32.28
14 0.74 28.72 20.74 2.84 3.19 31.47
15 5..74 35.07 15.00 4.59 0.72 30.04
22 1.31 23.73 16.21 5.43 1.57 31. 73
23 3.72 21. 75 17.99 4.06 2.96 36.94
24 0.53 19.35 13.76 5.25 2.35 31.05
25 2.95 17.71 19.40 3.38 . 2.28 33.77
27 0.12 17.65 13.53 2.27 3.26 38.61
28 2.36 30.73 18.80 8.33 0.30 39.61
29 4.28 14.80 20.18 5.98 1.26 34.32
30 2.97 30.01 17.44 5.61 1.45 41. 39
31 3.48 19.49 22.37 8.27 0.21 32.70
32 2.75 27.99 25.94 1.57 4.02 40.62
33 6.35 58.85 8.75 2.24 0.49 31.41
34 6.67 18.18 17.81 4.49 0.85 34.82
35 8.39 35.58 15.13 4.92 3.31 31.76
36 10.90 24.41 17.44 4.35 2.99 33.30
39 7.61 34.58 16.82 3.79 0.88 35.06
40 6.83 44.26 6.14 3.40 1.15 35.04
41 10.34 24.88 5.75 3.79 2.52 36.31
42 7.83 21.44 20.02 2.09 0.26 33.21
43 4.56 16.65 19.40 6.26 0.17 36.05
44 5.93 19.86 27.48 3.99 0.51 41.72
45 7.85 19.48 19.30 6.55 0.75 33.76
46 4.95 24.83 16.17 3.29 2:58 38.53
47 6.38 27.94 18.07 4.80 1.05 37.51
48 7.09 30.79 15.13 1.35 1.67 36.68
49 6.78 23.31 13.88 1.20 1.17 41.50
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COMPOSITIONOF GRABSAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

50 3.64 18.98 19.46 7.24 0.94 36.61
51 10.66 21.39 17.07 3.82 0.93 33.86
52 11. 65 25.39 18.99 3.49 0.09 31.68
53 12.08 19.39 17.17 4.74 1.82 46.67
54 11.08 28.98 20.44 3.05 0.05 31.34
55 12.97 13.08 21.56 5.07 0.02 33.69
56 10.59 . 22.44 13.15 4.20 2.59 41. 92
57 16.18 24.98 17.69 3.36 0.46 38.85
58 11.05 22.60 20.13 1.57 1.57 35.05
59 4.48 34.94 19.55 3.93 P 32.05
60 6.55 24.63 19.89 3.11 1.34 41. 61
61 6.85 23.86 16.81 0.72 0.40 44.41
62 8.81 23.09 16.97 4.38 0.85 38.17
63 12.94 13.58 16.86 3.98 1.87 37.53
64 13.56 10.17 20.68 7.98 0.02 32.99
65 0.87 27.44 10.54 13.90 2.91 32.52
66 10.13 22.23 15.69 5.61 0.04 32.67
67 3.40 50.28 12.42 2.13 5.68 27.98
68 1.08 35.93 11. 78 9.41 2.73 32.16
69 0.28 20.47 8.56 14.31 2.96 32.14
70 0.42 34.69 10.78 10.73 . 5.95 31.18
71 3.19 28.81 15.16 8.96 0.91 33.28
72 0.34 41. 63 16.84 8.20 2.96 31. 76
73 5.91 21.11 16.93 3.98 1.15 35.69
74 2.63 21.08 21.89 5.08 0.06 35.69
75 0.52 29.78 19.75 5.51 3.77 32.56
76 0.33 31.24 9.29 12.76 5.07 31. 52
77 2.25 31.18 9.58 9.91 0.44 35.54
78 0.44 37.19 14.50 4.70 3.06 30.85
79 0.26 22.13 8.67 8.17 11. 78 30.70
80 1.47 38.22 8.14 4.19 0.80 34.44
81 6.17 24.58 17.49 9.06 0.40 31.42
82 0.31 47 .30 13.36 4.85 1.67 30.47
83 0.36 44.71 15.00 7.52 5.31 30.02
84 0.26 37.74 13.52 , 7.73 1.96 31.80
85 3.48 54.88 8.40 3.96 1.24 30. 14
86 1.32 33.13 12.26 9.94 1.82 35.73
87 1.65 42.77 11. 69 7.77 0.55 32.10
88 0.34 32.51 10.81 9.46 5.44 30.80
89 7.18 19.35 18.72 4.08 0.78 32.51

89A 1.24 47.00 13.81 5.70 1.35 29.30
90 0.43 41. 73 20.64 8.09 6.35 28.27
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COMPOSITIONOF GRABSAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME MAG IL GAR EP STAUR PYROBOLE
----------- -------- -------- -------- -------- -------- --------

91 0.85 49.52 9.56 7.00 1.10 29.59
93 0.59 30.42 18.24 10.33 3.44 33.26
94 0.49 36.00 11. 52 9.56 5.71 33.83
95 0.52 18.87 14.11 14.01 4.65 35.21
96 0.35 43.05 12.75 10.15 7.44 30.30
97 0.89 39.35 11.84 5.81 2.43 34.32
98 0.27 41.34 11.82 8.88 2.19 31.61

100 2.17 42.04 12.75 9.37 0.80 29.96
101 5.87 23.50 15.44 7.95 0.25 38.26

STA054 1.51 32.88 15.39 7.07 4.27 16.24
STA055 1.12 23.90 17.64 8.38 6.84 16.07
STA056 0.35 30.97 16.62 10.16 5.74 12.61
STA093 6.00 23.71 15.33 10.72 3.89 16.72
STA094 3.57 22.86 17.39 7.22 2.64 24.15

51-1 2.80 21. 72 13.21 9.04 4.42 17.69
51-2 2.27 27.76 8.94 7.53 4.06 18.20
51-3 0.65 24.53 15.43 9.21 2.85 17.12
51-4 0.37 42.81 16.88 7.76 3.20 9.94

AVG 4.35 28.51 16.66 5.99 2.34 32.47
STOOEV 4.18 9.74 5.35 3.06 . 2.21 6.23

MAXVALUE 17.05 58.85 37.36 14.31 11. 78 46.67
MIN VALUE 0.08 10.17 5.75 0.47 0.00 9.94
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COMPOSITIONOFGRABSAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOXMONAZITE
----------- -------- -------- -------- -------- -------- ---------

1 0.27 0.32 0.20 0.01 0.43 0.07
2 0.77 1.14 0.38 0.80 1.03 0.42
3 0.77 0.37 0.34 0.04 0.94 0.05
4 1.41 1.40 1.16 0.65 2.99 0.22 .
5 0.92 0.10 0.26 0.22 1.73 0.13
6 0.55 0.76 0.72 P 1.15 0.57
7 0.52 0.39 0.40 0.48 0.79 0.04
8 0.82 0.86 1.03 P 1.53 0.41
9 0.59 0.94 0.52 1.09 0.97 0.28

10 0.36 0.18 0.15 0.17 0.89 0.11
11 1.62 0.39 0.31 0.26 1.96 1.70
12 0.88 0.19 0.47 0.91 1.61 0.04
13 0.79 0.28 0.92 0.55 0.97 0.19
14 0.94 1.91 1.12 P 2.89 0.82
15 1.43 1.39 1.08 0.02 1.34 0.11
22 0.44 0.85 0.53 0.72 3.08 0.58
23 1.51 0.60 0.77 1.02 0.89 0.14
24 0.82 1.17 0.45 0.09 2.18 0.29
25 1.13 0.46 0.42 1.48 1.70 0.27
27 1.16 3.36 1.51 0.47 1.56 0.56
28 0.38 0.84 0.67 0.60 . 1.06 0.20
29 1.22 0.92 0.33 0.21 0.71 P
30 0.86 0.86 0.99 1.15 0.88 0.39
31 1.13 0.23 0.26 0.19 1.02 0.46
32 0.91 1.00 0.59 0.09 0.90 0.41
33 0.83 1.22 0.47 0.10 0.65 0.14
34 1.01 0.46 0.50 1.24 1.95 0.44
35 0.80 2.51 0.19 P 0.19 0.99
36 0.14 0.74 0.20 0.21 1.38 0.81
39 0.75 1.07 0.80 0.91 1.84 0.02
40 0.00 0.77 0.63 0.40 0.00 0.74
41 0.12 0.33 0.21 0.66 2.97 0.17
42 0.64 0.05 0.05 0.17 0.57 0.36
43 0.73 0.37 0.27 0.41 1.17 0.17
44 1.03 1.17 0.79 0.07 0.73 0.15
45 0.82 0.42 0.21 0.05 0.62 0.10
46 0.55 0.79 0.64 0.21 1.79 0.16
47 0.83 0.72 0.57 1.33 0.52 0.15
48 0.81 0.36 0.61 1.35 2.17 P
49 0.75 0.55 0.30 0.67 1.01 0.12
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COMPOSITIONOFGRABSAMPLES.continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILLIKY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

50 1.09 1.41 1.04 0.63 1.17 0.67
51 1.30 0.34 0.16 1.01 1.32 0.23
52 0.66 0.18 0.25 1.49 1.32 0.28
53 0.76 1.12 0.89 0.55 0.80 0.11
54 1.07 0.36 0.28 0.01 0.19 0.37
55 1.04 0.96 0.34 0.64 1.08 0.05
56 1.39 0.36 0.36 1.73 0.91 0.39
57 0.75 0.22 0.25 1.09 1.33 0.05
58 1.01 0.18 0.08 0.38 0.44 0.08
59 1.53 0.87 0.05 0.14 0.63 0.08
60 0.54 0.81 1.26 1.00 1.14 0.01
61 1.32 0.13 0.42 0.81 0.99 P
62 1.09 0.54 0.21 0.85 1.25 P
63 1.26 0.56 0.16 0.37 I.TI 0.05
64 0.90 0.64 0.27 0.17 0.83 P
65 1.12 1.20 0.46 1.64 1.46 0.15
66 1.41 0.21 0.14 0.54 0.80 P
67 1.01 1.93 0.10 0.41 3.03 0.57
68 0.57 2.20 0.38 0.63 2.79 0.51
69 1.50 1.85 0.28 1.73 4.41 0.33
70 2.13 2.20 0.35 0.79 . 4.25 0.54
71 0.97 0.88 0.59 0.54 1.70 0.02
72 1.40 1.87 0.45 1.18 4.05 0.44
73 0.69 0.54 0.48 0.37 0.59 0.08
74 1.07 0.12 0.24 0.72 1.10 P
75 1.60 1.14 0.00 1.59 2.39 0.43
76 2.20 1.69 0.00 1.40 1.99 0.59
77 1.06 1.10 0.09 0.82 2.72 0.12
78 1.50 1.43 0.20 0.60 2.65 0.44
79 2.55 4.80 1.26 3.94 4.80 1.17
80 0.93 0.26 0.16 0.17 1.80 0.31
81 1.65 0.79 0.40 0.52 1.47 P
82 2.77 1.40 0.53 0.59 3.26 0.49
83 2.33 1.30 0.57 0.79 1.54 0.67
84 1.02 2.03 0.14 2.73 3.18 0.29
85 2.44 0.15 0.38 0.24 1.77 0.08
86 2.07 0.64 0.37 0.35 3.04 0.19
87 2.33 0.72 0.39 0.31 2.52 0.26
88 2.04 2.20 0.11 0.68 3.59 0.91
89 1.41 0.26 0.30 0.85 2.17 0.13

89A 1.73 0.88 0.26 0.10 1.89 0.15
90 1.30 2.39 0.18 0.44 3.27 0.62
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COMPOSITIONOFGRABSAMPLES.continued

JT % WT% WT% WT% WT% WT%
SAMPLENAME RUTILE SILL/KY SPHENE TOURM LEUCOX MONAZITE
----------- -------- -------- -------- -------- -------- ---------

91 0.93 1.15 . 0.12 0.39 2.60 0.22
93 1.50 1.19 0.00 0.52 2.93 0.73
94 1.88 2.32 0.00 1.08 1.87 0.56
95 0.87 3.51 0.04 1.41 2.14 0.67
96 1.59 2.07 0.26 0.55 1.65 1.80
97 1.57 0.83 0.04 0.31 1.35 0.10
98 1.69 1.65 0.00 0.09 1.95 0.67

100 2.02 0.71 0.04 0.07 0.99 0.04
101 0.88 0.55 0.18 0.61 1.24 0.03

STA054 2.48 3.47 0.24 1.54 2.68 P
STA055 2.14 6.13 0.42 2.95 2.46 P
STA056 1.98 4.47 0.31 3.01 1.23 P
STA093 1.24 4.26 0.04 1.34 1.92 P
STA094 1.58 4.05 0.09 2.77 1.33 0.02

51-1 1.80 6.15 0.70 3.83 5.64 P
51-2 1.20 8.01 0.13 2.65 8.20 0.09
51-3 1.18 7.67 0.00 2.97 5.98 P
51-4 2.32 4.22 0.00 1.05 3.02 0.10

AVG 1.19 1.40 0.39 0.82 1.85 0.30
STD DEV 0.58 1.56 0.33 0.83 . 1.31 0.34

MAXVALUE 2.77 8.01 1. 51 3.94 8.20 1.80
MIN VALUE 0.00 0.05 0.00 0.00 0.00 0.00
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COMPOSITIONOFGRABSAMPLES.continued

WT% WT% WT% WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

1 1.56 12.39 19.36 6.86 7.28
2 2.62 14.62 37.92 4.25 6.08
3 1.30 11.03 22.47 4.21 5.29
4 3.31 16.44 30.76 5.18 9.30
5 4.24 11. 00 31.21 5.53 7.62
6 1.29 7.52 27. 13 1.72 2.29
7 3.00 12.18 23.64 0.41 2.10
8 2.12 5.58 40.16 1.02 1.67
9 1.49 11. 04 29.83 1.66 1. 74

10 0.62 6.94 27.26 6.53 7.68
11 2.45 5.04 39.55 1.31 1.53
12 3.16 16.52 30.91 4.35 8.13
13 1.91 17.18 24.35 1.31 3.01
14 1.62 7.36 36.90 4.17 5.51
15 5.37 15.00 44.70 0.34 5.94
22 1.87 12.04 30.55 3.03 4.53
23 2.54 11. 73 27.43 0.65 1.99
24 2.06 14.04 25.86 3.05 3.78
25 1.76 12.30 23.04 4.14 5.64
27 2.30 6.49 26.60 0.62 0.73
28 1.90 11.29 35.12 1.06 . 2.69
29 2.44 19.05 20.10 3.24 4.33
30 2.88 10.63 35.88 4.83 7.00
31 2.07 10.12 24.41 2.43 3.03
32 1.63 9.30 32.84 5.33 8.06
33 4.10 11.96 65.80 3.13 5.12
34 1.97 11.43 24.02 3.57 7.70
35 1.64 16.61 41.71 3.44 7.12
36 2.06 14.56 29.54 4.22 9.07
39 1.46 15.35 39.71 4.64 8.35
40 4.29 18.46 50.06 2.48 5.25
41 3.00 21.09 31.47 3.42 8.62
42 5.07 22.85 28.13 5.61 11.06
43 3.28 13.15 22.37 2.08 2.94
44 3.21 14.60 26.16 2.94 4.12
45 1.80 12.08 23.24 1.42 2.35
46 3.69 16.35 31.81 4.64 6.80
47 1.46 15.63 31.62 4.27 6.18
48 3.67 18.07 37.80 4.65 9.39
49 2.73 17.97 28.47 3.72 6.32
50 1.79 9.99 25.12 4.97 6.30
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COMPOSITIONOF GRAB SAMPLES. continued

WT % WT % WT % WT% WT %
SAMPLE NAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

51 3.49 11.85 28.06 2.65 . 6.49
52 3.86 12.31 31.68 1.92 5.90
53 1.15 14.20 23.32 4.30 7.79
54 4.92 9.74 35.89 7.02 14.66
55 3.09 11.84 19.31 4.14 7.87
56 3.83 8.36 29.33 4.04 7.95
57 3.34 13.04 30.67 3.48 7.79
58 2.01 15.38 26.33 2.18 5.44
59 4.30 9.83 42.36 6.74 11. 02
60 1.87 17.07 29.00 1.12 4.51
61 3.48 19.16 29.79 0.87 6.08
62 1.35 16.28 27.33 1.34 2.93
63 3.33 15.40 20.49 1.78 3.65
64 3.44 11. 25 15.98 2.84 5.32
65 2.15 11. 95 33.52 1.22 1.53
66 3.56 18.93 28.21 4.67 6.79
67 2.10 10.81 58.92 1.58 2.55
68 3.42 13.15 45.42 0.66 1.14
69 1.29 9.81 29.83 0.72 0.83
70 2.09 9.06 45.90 0.58 0.65
71 2.43 9.39 34.81 0.58 . 1.19
72 2.66 8.87 52.04 1.62 1.94
73 1.19 27.59 24.20 1.60 4.92
74 2.39 15.19 25.75 2.91 4.40
75 2.79 10.97 38.12 0.47 0.55
76 3.68 10.02 41.39 0.32 0.48
77 2.58 11.16 38.75 0..46 1.51
78 2.91 11.17 46.12 0.89 1.04
79 2.72 17.38 38.18 0.12 0.14
80 3.82 20.00 45.35 3.10 4.74
81 3.42 11.73 31. 92 0.76 4.39
82 3.15 7.57 58.37 0.92 1.31
83 2.05 7.20 52.61 0.58 0.70
84 2.62 9.32 46.88 0.37 0.51
85 3.82 10.73 63.14 9.63 1075
86 3.24 9.08 42.31 0.76 1.31
87 3.31 9.03 51.90 2.96 4.16
88 2.23 6.83 43.47 0.38 0.44
89 2.79 18.25 26.11 1.76 5.22

89A 2.54 6.77 54.20 3.76 4.38
90 3.36 6.58 52.68 0.76 0.80
91 3.39 9.49 57. 82 3.93 4.52
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COMPOSITIONOF GRABSAMPLES.continued

WT% WT% WT% WT% WT%
SAMPLENAME ZIRCON OTHER ECON RHM THM
----------- -------- -------- -------- -------- ---------

93 2.90 6.38 39.66 0.81 0.97
94 1.63 7.29 44.25 0.68 0.82
95 1.58 6.47 27.64 0.38 0.42
96 3.95 4.13 54.11 . 0.46 0.79
97 3.07 18.95 46.26 0.37 1.12
98 3.51 12.60 50.82 0.51 6.25

100 3.68 13.46 49.47 2.23 4.48
101 2.04 14.24 28.24 0.20 3.47

STA054 4.80 7.43 46.31 4.41 5.12
STA055 1.85 10.08 36.49 0.39 0.50
STA056 2.98 9.58 41.63 0.58 0.83
STA093 4.07 10.76 35.20 3.23 5.64
STA094 3.26 9.06 33.11 5.23 7.45

51-1 2.89 10.10 38.20 0.68 0.79
51-2 3.17 7.79 48.43 0.07 0.09
51-3 3.99 8.42 43.35 0.05 0.08
51-4 4.05 4.27 56.53 7.06 9.99

AVG 2.77 12.12 36.02 2.56 4.43
STD DEV 0.98 4.33 11.07 2.04 3.14

MAX VALUE 5.37 27.59 65.80 9.63 . 14.66
MIN VALUE 0.62 4.13 15.98 0.05 0.08

106 GRABSAMPLES
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390 SAMPLES(106 GRAB. 284 CORE)
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Composition (with respect to concentrate) statistics for all samples

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

--------------- -------- -------- -------- -------- -------- --------
AVERAGE 5.60 25.17 14.99 7.56 2.29 29.27

STD 5.14 10.64 5.15 3.25 2.02 7.48
MAXVALUE 27.58 60.33 37.36 24.35 11. 78 49.39
MIN VALUE 0.07 3.28 2.01 0.47 0.00 6.43

GARNAR'SVALUES NONE 45.00 15.00 15.00 20.00 NONE
GIV EN GIV EN

WT% WT% WT% WT% WT% WT%
RUTILE SILL/KY SPHENE TOURM LEUCOX MONAZITE

--------------- -------- -------- -------- -------- -------- ---------
AVERAGE 1.34 1.97 0.39 0.99 1.76 0.13

STD 0.56 1.42 0.37 0.91 1.24 0.27
MAXVALUE 3.15 8.01 2.52 4.68 8.20 2.47
MIN VALUE 0.00 0.00 0.00 0.00 . 0.00 0.00

GARNARI S VALUES 2.00 7.00 NONE NONE 5.00 1.00
GIVEN GIVEN

WT% WT% WT% CORRWT%CORRWT%
ZIRCON OTHER ECON RECHM TOTALHM

--------------- -------- -------- -------- -------- --------
AVERAGE 3.57 11.82 33.94 1.55 3.27

STD 1.46 5.44 11.35 1.40 2.24
MAXVALUE 9.22 48.10 69.30 9.63 14.66
MIN VALUE 0.41 1.70 12.02 0.05 0.08

GARNAR'SVALUES 5.00 NONE NONE NONE 5.00
GI VEN GIVEN GIVEN
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APPENDIXV
SELECTEDMINERALCOMPOSITIONWITH RESPECTTO THE ENTIRE SAMPLE

Underlined samples have concentrations of one or more ECONminerals equal to
or greater than Garnar1s values (using THM = 5%). See text for explanation.
"<0.01" means less than 0.01%. "*" means data not available.

WT% WT% wn; wn; wn; WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
B01-1 3.91 0.56 0.04 0.03 <0.01 0.06
BOl-2 2.88 0.42 0.02 0.02 <0.01 0.07
B02-1 2.42 0.48 0.03 0.01 0.01 0.10
B02-2 3.88 0.78 0.03 0.07 0.01 0.06
B03-1 3.20 0.53 0.02 0.03 <0.01 0.05
B03-2 3.33 0.46 0.02 0.02 <0.01 0.12
B03-3 3.26 0.50 0.05 0.06 <0.01 0.11
B04-1 2.53 0.32 0.02 0.02 <0.01 0.04
B05-1 1.86 0.39 0.01 0.01 0.01 0.07
B05-2 1.82 0.46 0.03 0.01 0.02 0.09
H01-1 3.86 1.15 0.03 0.07 0.04 0.12
HOl-2 5.10 0.88 0.06 0.02 <0.01 0.14
HOl-3 5.48 0.95 0.15 0.02 0.08 0.42
H02-1 2.32 0.37 0.02 0.04 <0.01 0.06
H02-2 1.09 0.22 <0.01 <0.01 <0.01 0.03
H02-3 1.34 0.18 0.01 0.01 <0.01 0.10
H03-1 2.14 0.37 0.02 0.04 0.01 0.07
H04-1 3.06 0.47 0.05 0.02 <0.01 0.09
H04-2 1.37 0.18 0.01 <0.01 <0.01 0.06
H04-3 1.57 0.23 0.02 0.02 <0.01 0.04
H05-1 3.67 0.58 0.05 0.05 <0.01 0.12
H06-1 3.13 0.45 0.02 0.01 <0.01 0.05
H06-2 1.70 0.34 0.03 0.01 <0.01 0.08
H06-3 1.49 0.23 0.01 0.01 <0.01 0.05
H06-4 0.74 0.07 0.01 0.01 <0.01 0.03
H07-1 3.75 0.72 0.03 0.04 <0.01 0.08
H07-2 1.87 0.25 0.02 <0.01 <0.01 0.07
H07-3 1.54 0.15 0.01 0.01 <0.01 0.04
H08-1 5.52 1.14 0.03 0.04 0.01 0.12
H08-2 2.85 . 0.41 0.03 0.01 <0.01 0.09
H09-1 3.62 0.28 0.01 0.02 <0.01 0.24
HlO-1 2.74 0.26 0.01 0.02 <0.01 0.05
HlO-2 3.21 0.28 0.02 0.03 <0.01 0.11
Hll-l 4.00 0.62 0.04 0.02 <0.01 0.04
H12-l 6.88 1.43 0.03 0.05 0.01 0.15
H12-2 5.34 0.68 0.01 0.03 <0.01 0.08
H13-1 2.23 0.45 0.02 0.04 0.01 0.02
H14-l 0.52 0.08 0.01 <0.01 <0.01 0.02
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOXMONAZITE ZIRCON

--------------- --------- -------- -------- -------- -------- --------
H14-2 1.49 0.14 0.03 <0.01 0.02 0.05
V1-1 1.17 0.23 0.02 0.01 <0.01 0.04
Vl-2 0.82 0.42 0.02 0.02 <0.01 0.02
Vl-3 0.61 0.28 0.01 0.01 <0.01 0.02
Vl-4 0.83 0.46 0.01 0.03 <0.01 0.03
V2-1 2.72 0.65 0.02 0.03 <0.01 0.06
V2-2 1.67 0.76 0.04 0.03 <0.01 0.10
V2-3 3.90 1.45 0.05 0.07 0.01 0.12
V2-4 2.12 1.06 0.03 0.03 <0.01 0.08
V4-1 1.77 0.42 0.01 0.03 <0.01 0.05
V4-2 1.06 0.41 0.02 0.02 <0.01 0.02
V4-3 1.39 0.45 0.02 0.04 <0.01 0.03
V4-4 1.35 0.61 0.03 0.04 <0.01 0.04
V3-1 1.42 0.46 0.02 0.08 <0.01 0.05
V3-2 0.50 0.18 0.01 0.01 <0.01 0.02
V5-1 1.95 0.35 0.02 0.03 <0.01 0.08
V5-3 1.26 0.54 0.02 0.03 <0.01 0.05
V5-4 1.20 0.53 0.02 0.02 <0.01 0.06
V5-5 1.44 0.66 0.02 0.05 <0.01 0.06
V6-1 2.48 0.60 0.03 0.01 <0.01 0.11
V6-2 1.71 0.43 0.03 0.01 <0.01 0.11

1 7.28 1.22 0.02 0.03 <0.01 0.11
2 6.08 1.94 0.05 0.06 0.03 0.16
3 5.29 1.01 0.04 0.05 <0.01 0.07
! 9.30 1.99 0.13 0.28 0.02 0.31

7.62 1.84 0.07 0.13 0.01 0.32
6 2.29 0.52 0.01 0.03 0.01 0.03
7 2.10 0.40 0.01 0.02 <0.01 0.06
8 1.67 0.58 0.01 0.03 0.01 0.04
9 1.74 0.44 0.01 0.02 <0.01 0.03

10 7.68 1.93 0.03 0.07 0.01 0.05
11 1.53 0.48 0.02 0.03 0.03 0.04
12 8.13 2.03 0.07 0.13 <0.01 0.26
13 3.01 0.61 0.02 0.03 0.01 0.06
14 5.51 1.58 0.05 0.16 0.05 0.09
15 5.94 2.08 0.08 0.08 0.01 0.32
22 4.53 1.08 0.02 0.14 0.03 0.08
23 1.99 0.43 0.03 0.02 <0.01 0.05
24 3.78 0.73 0.03 0.08 0.01 0.08
25 5.64 1.00 0.06 0.10 0.02 0.10
27 0.73 0.13 0.01 0.01 <0.01 0.02
28 2.69 0.83 0.01 0.03 0.01 0.05
29 4.33 0.64 0.05 0.03 <0.01 0.11
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Appendix V. continued

WT% WT% WT% WU WU WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
30 7.00 2.10 0.06 0.06 0.03 0.20
31 3.03 0.59 0.03 0.03 0.01 0.06
32 8.06 2.26 0.07 0.07 0.03 0.13
33 5.12 3.01 0.04 0.03 0.01 0.21
34 7.70 1.40 0.08 0.15 0.03 0.15
35 7.12 2.53 0.06 0.01 0.07 0.12
36 9.07 2.21 0.01 0.12 0.07 0.19
39 8.35 2.89 0.06 0.15 <0.01 0.12
40 5.25 2.33 0.00 0.00 0.04 0.23
41 8.62 2.14 0.01 0.26 0.01 0.26
42 11.06 2.37 0.07 0.06 0.04 0.56
43 2.94 0.49 0.02 0.03 0.01 0.10
44 4.12 0.82 0.04 0.03 0.01 0.13
45 2.35 0.46 0.02 0.01 <.00 0.04
46 6.80 1.69 0.04 0.12 0.01 0.25
47 6.18 1.73 0.05 0.03 0.01 0.09
48 9.39 2.89 0.08 0.20 <0.01 0.34
49 6.32 1.47 0.05 0.06 0.01 0.17
50 6.30 1.20 0.07 0.07 0.04 0.11
51 6.49 1.39 0.08 0.09 0.01 0.23
52 5.90 1.50 0.04 0.08 0.02 0.23
53 7.79 1.51 0.06 0.06 .0.01 0.09
54 14.66 4.25 0.16 0.03 0.05 0.72
55 7.87 1.03 0.08 0.09 <0.01 0.24
56 7.95 1.78 0.11 0.07 0.03 0.30
57 7.79 1.95 0.06 0.10 <0.01 0.26
58 5.44 1.23 0.05 0.02 <0.01 0.11
59 11.02 3.85 0.17 0.07 0.01 0.47
60 4.51 1.11 0.02 0.05 0.00 0.08
61 6.08 1.45 0.08 0.06 <0.01 0.21
62 2.93 0.68 0.03 0.04 <0.01 0.04
63 3.65 0.50 0.05 0.06 <0.01 0.12
64 5.32 0.54 0.05 0.04 <0.01 0.18
65 1.53 0.42 0.02 0.02 <0.01 0.03
66 6.79 1.51 0.10 0.05 <0.01 0.24
67 2.55 1.28 0.03 0.08 0.01 0.05
68 1.14 0.41 0.01 0.03 0.01 0.04
69 0.83 0.17 0.01 0.04 <0.01 0.01
70 0.65 0.23 0.01 0.03 <0.01 0.01
71 1.19 . 0.34 0.01 0.02 <0.01 0.03
72 1.94 0.81 0.03 0.08 0.01 0.05
73 4.92 1.04 0.03 0.03 <0.01 0.06
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
74 4.40 0.93 0.05 0.05 <0.01 0.11
75 0.55 0.16 0.01 0.01 <0.01 0.02
76 0.48 0.15 0.01 0.01 <0.00 0.02
77 1.51 0.47 0.02 0.04 <0.01 0.04
78 1.04 0.39 0.02 0.03 <0.01 0.03
79 0.14 0.03 <0.01 0.01 <0.01 <0.01
80 4.74 1.81 0.04 0.09 0.01 0.18
81 4.39 1.08 0.07 0.06 <0.01 0.15
82 1.31 0.62 0.04 0.04 0.01 0.04
83 0.70 0.31 0.02 0.01 <0.01 0.01
84 0.51 0.19 0.01 0.02 <0.01 0.01
85 10.75 5.90 0.26 0.19 0.01 0.41
86 1.31 0.43 0.03 0.04 <0.01 0.04
87 4.16 1.78 0.10 0.10 0.01 0.14
88 0.44 0.14 0.01 0.02 <0.01 0.01
89 5.22 1.01 0.07 0.11 0.01 0.15

89A 4.38 2.06 0.08 0.08 0.01 0.11
90 0.80 0.34 0.01 0.03 0.01 0.03
91 4.52 2.24 0.04 0.12 0.01 0.15
93 0.97 0.29 0.01 0.03 0.01 0.03
94 0.82 0.29 0.02 0.02 <0.01 0.01
95 0.42 0.08 <0.01 0.01 .<0.01 0.01
96 0.79 0.34 0.01 0.01 0.01 0.03
97 1.12 0.44 0.02 0.02 <0.01 0.03
98 6.25 2.59 0.11 0.12 0.04 0.22

100 4.48 1.88 0.09 0.04 <0.01 0.16
101 3.47 0.82 0.03 0.04 <0.01 0.07

1090-1 2.46 0.64 0.02 0.01 <0.01 0.08
1090-2 1.91 0.49 0.02 0.03 <0.01 0.07
1091-1 2.36 0.57 0.01 0.03 0.06 0.22
1091-2 1.71 0.52 0.03 0.03 <0.01 0.07
1091-3 1.61 0.61 0.04 0.02 <0:01 0.07
1092-1 1.70 0.77 0.03 0.02 <0.01 0.05
1092-2 1.03 0.48 0.02 0.03 <0.01 0.05
1094-1 1.15 0.42 0.01 0.02 <0.01 0.03
1094-2 1.01 0.48 0.02 0.02 <0.01 0.04
1095-1 2.51 0.58 0.02 0.03 <0.01 0.09
1095-2 2.30 1.07 0.0'4 0.03 <0.01 0.07
1096-1 1.84 0.47 0.01 0.02 <0.01 0.04
1096-2 2.23 0.87 0.04 0.03 <0.01 0.06
1097-1 2.60 0.79 0.02 0.03 <0.01 0.11
1097-2 1.39 0.65 0.02 0.03 <0.01 0.05
1097-3 1.26 0.67 0.03 0.02 <0.01 0.04
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
1098-1 1.78 0.89 0.02 0.04 <0.01 0.02
1098-2 0.58 0.35 0.01 0.01 <0.01 0.02
1099-1 1.18 0.40 0.02 0.02 <0.01 0.05
1099-2 1.78 0.91 0.03 0.02 <0.01 0.05
1100-1 2.64 0.65 0.02 0.03 <0.01 0.08
1100-2 2.51 1.13 0.03 0.02 <0.01 0.10
1103-1 1.80 0.70 0.01 0.02 <0.01 0.03
1103-2 1.62 0.65 0.02 0.05 <0.01 0.04
1103-3 1.74 0.37 0.02 0.02 <0.01 0.08
1106-1 3.59 1.35 0.03 0.03 <0.01 0.08
1106-2 2.63 0.77 0.02 0.01 <0.01 0.04
1107-1 4.35 1.34 0.03 0.03 0.01 0.11
1107-2 1.83 0.36 0.03 0.02 <0.01 0.04
1109-1 3.08 0.70 0.01 0.03 <0.01 0.04
1111-1 2.76 0.67 0.03 0.02 <0.01 0.11
1111-2 3.20 0.95 0.03 0.02 <0.01 0.09
1116-1 4.39 1.11 0.04 0.03 <0.01 0.12
1116-2 4.00 1.11 0.08 0.01 <0.01 0.16
1119-1 2.43 0.53 0.03 0.02 0.01 0.05
1119-2 2.39 0.67 0.03 0.01 <0.01 0.09
1120-1 1.95 0.48 0.02 0.01 <0.01 0.04
1120-2 3.05 0.98 0.03 0.03 <0.01 0.08
1121-1 3.44 0.72 0.03 0.03 <0.01 0.15
1122-1 5.67 1.55 0.05 . 0.05 <0.01 0.13
1127-1 5.51 1.36 0.05 0.05 <0.01 0.17
1127-2 2.70 0.78 0.01 0.03 <0.01 0.09
1129-1 7.65 1.77 0.07 0.08 0.01 0.17
1129-2 6.11 1.14 0.05 0.05 <0.01 0.13
1130-1 7.17 1.55 0.04 0.04 0.01 0.21
1130- 2 1.96 0.45 0.01 0.02 <0.01 0.02
1131-1 5.92 1.58 0.06 0.04 0.02 0.17
1132-1 6.32 1.37 0.04 0.05 <0.01 0.35
1134-1 8.79 2.99 0.16 0.03 0.01 0.41
1134-2 6.82 2.11 0.06 0.04 <0.01 0.25
1136-1 9.01 2.59 0.10 0.09 <0.01 0.31
1136- 2 6.42 1.80 0.04 0.05 0.02 0.24
1136-3 3.34 0.98 0.04 0.02 <0.01 0.12
1139-1 2.44 0.65 0.03 0.04 0.01 0.07
2000-1 2.00 0.53 0.03 0.04 <0.01 0.05
2000-2 2.39 0.52 0.03 O.D3 <0.01 0.08
2001-1 2.02 0.41 0.02 0.04 <0.01 0.04
2002-1 3.75 1.09 0.02 0.01 <0.01 0.12
2002-2 3.01 0.89 0.01 0.03 <0.01 0.07
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZHE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
110-1 2.60 0.84 0.04 0.01 <0.01 0.14
110-2 2.21 0.41 0.03 0.02 <0.01 0.05
110-3 1.41 0.29 0.02 0.02 <0.01 0.02
115-1 0.74 0.21 0.01 0.01 <0.01 0.02
116-1 . 0.58 0.18 0.01 0.01 <0.01 0.02
116-2 0.54 0.17 0.01 0.01 <0.01 0.01
116-3 2.17 0.78 0.03 0.04 <0.01 0.08
116-4. 0.92 0.33 0.02 0.01 <0.01 0.04
116-5 1.66 0.52 0.05 0.04 <0.01 0.05
117-1 1.26 0.38 0.02 0.02 <0.01 0.03
117-2 3.87 1.07 0.07 0.04 <0.01 0.08
117-3 3.95 1.12 0.04 0.04 0.01 0.07
117-4 2.84 0.65 0.04 0.04 <0.01 0.05

C1-1 2.18 0.65 0.01 0.09 <0.01 0.09
Cl-2 3.18 0.55 0.05 0.05 <0.01 0.09
Cl-3 2.09 0.36 <0.01 0.06 <0.01 0.01
Cl-4 1.95 0.31 0.03 0.05 <0.01 0.08
C2-1 4.12 1.12 0.05 0.04 <0.01 0.22
C2-2 1.80 0.35 0.02 0.04 <0.01 0.09
C2-3 2.65 0.55 0.03 0.09 <0.01 0.13
C2-4 1.41 0.35 0.02 0.06 <0.01 0.04
C3-1 3.99 0.43 0.07 0.04 <0.01 0.15
C3-2 4.21 0.88 0.05 0.02 <0.01 0.24
C3-3 3.54 0.69 0.06 0.04 <0.01 0.25
C3-4 3.36 1.01 0.06 0.03 <0.01 0.14
C4-1 2.65 0.46 0.04 0.03 <0.01 0.13
C4-2 2.40 0.35 0.04 0.03 <0.01 0.08
C4-3 2.66 0.49 0.02 0.04 <0.01 0.10
C5-1 2.03 0.60 0.03 0.04 <0.01 0.06
C5-2 2.91 0.35 0.05 0.06 <0.01 0.13
C5-3 3.51 0.39 0.06 0.02 <0.01 0.12
C5-4 3.31 0.36 0.05 0.05 <0.01 0.23
C6-1 4.38 0.90 0.07 0.06 <0.01 0.24
C6-2 2.55 0.44 0.04 0.03 <0.01 0.19
C6-3 5.78 0.51 0.12 0.07 <0.01 . 0.22
C7-1 3.14 0.62 0.02 0.00 <0.01 0.09
C7-2 1.45 0.48 0.01 0.03 <0.01 0.03
C7-3 2.35 0.58 0.01 0.03 <0.01 0.03
C8-1 3.45 1.05 0.04 0.02 <0.01 0.18
C8-2 6.75 0.72 0.08 0.07 <0.01 0.27
C8-3 3.65 0.33 0.07 0.02 0.00 0.13
C8-4 3.56 0.28 0.05 0.02 <0.01 0.13
C9-1 4.63 0.98 0.08 0.09 <0.01 0.17



89

Appendix V. continued

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

SAMPLENAME THM IL RUTILE LEUCOX MONAZHE ZIRCON
--------------- -------- -------- -------- -------- -------- --------

C9-2 3.84 0.84 0.05 0.04 0.00 0.11
C9-3 3.16 0.65 0.06 0.04 <0.01 0.16

C10-1 3.22 0.85 0.06 0.03 <0.01 0.15
C10-2 4.07 0.40 0.06 0.03 <0.01 0.17
C10-3 4.98 0.47 0.08 0.07 0.00 0.32
C10-4 4.53 0.30 0.08 0.08 0.00 0.36
C11-1 1.88 0.33 0.02 0.05 <0.01 0.09
Cll-2 1.81 0.28 0.04 0.06 <0.01 0.04
C11-3 3.53 0.53 0.02 0.02 <0.01 0.23
Cll-4 3.08 0.61 0.04 0.02 <0.01 0.26
C12-1 5.62 0.87 0.03 0.07 <0.01 0.12
C12-2 5.32 0.51 0.08 0.04 <0.01 0.22
C12-3 9.12 1.35 0.11 0.11 0.00 0.67
C12-4 7.40 0.60 0.10 0.04 0.00 0.42
C13-1 3.21 0.49 0.06 0.07 <0.01 0.11
C13-2 2.64 0.30 0.04 0.08 <0.01 0.10
C13-3 1.73 0.22 0.04 0.02 <0.01 0.12
C14-1 4.47 0.42. 0.06 0.03 <0.01 0.10
C14-2 1.99 0.13 0.03 0.01 0.00 0.11
C14-3 5.95 0.54 0.13 0.16 <0.01 0.27
C14-4 5.61 0.18 0.10 0.08 <0.01 0.25
C15-1 5.70 0.71 0.07 0.07 .0.00 0.21
C15-2 6.57 0.48 0.09 0.09 0.00 0.22
C16-1 6.91 0.94 0.08 0.02 0.00 0.19
C16-2 5.36 0.18 0.09 0.02 <0.01 0.24
C17-1 3.80 0.59 0.06 0.08 <0.01 0.16
C17-2 4.26 0.35 0.06 0.03 <0.01 0.27
C17-3 4.03 0.21 0.09 0.02 <0.01 0.16
C17-4 5.27 0.36 0.11 0.05 0.00 0.16
C17-5 5.72 0.23 0.12 0.03 0.00 0.23
C18-1 2.92 0.31 0.02 0.05 <0.01 0.07
C18-2 3.50 0.31 0.04 0.05 <0.01 0.12
C19-1 4.06 0.54 0.08 0.04 <0.01 0.19
C19-2 2.05 0.28 0.03 0.01 <0.01 0.08
C19-3 2.08 0.37 0.02 0.04 <0.01 0.03
C20-1 1.29 0.34 0.02 0.05 <0.01 0.04
C20-2 1.75 0.41 0.02 0.12 <0.01 0.05
C20-3 0.97. 0.18 0.02 0.02 <0.01 0.04
C20-4 1.93 0.42 0.03 0.07 0.00 0.11
C21-1 1.11 0.25 0.02 0.06 <0.01 0.08"
C22-1 1.54 0.40 0.03 0.12 <0.01 0.06
C22-2 1.76 0.43 0.04 0.10 <0.01 0.07
C22-3 2.38 0.50 0.03 0.10 <0.01 0.08
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
C22-4 1.22 0.31 0.02 0.04 <0.01 0.03
C23-2 1.43 0.30 0.01 0.04 <0.01 0.06
C23-3 1.59 0.39 0.02 0.03 <0.01 0.06
C23-4 0.95 0.23 0.01 0.03 <0.01 0.03
C24-1 1.05 0.30 9.02 0.04 <0.01 0.03
C24-2 1.49 0.37 0.03 0.06 <0.01 0.04
C25-1 0.41 0.15 0.01 0.02 <0.01 0.03
C25-2 1.39 0.50 . 0.02 0.05 <0.01 0.06
C25-3 1.77 0.49 0.02 0.04 <0.01 0.04
C26-1 3.53 1.18 0.06 0.13 <0.01 0.15
C26-2 2.60 0.51 0.07 0.05 <0.01 0.17
C26-3 5.11 0.43 0.14 0.07 <0.01 0.29
C27-1 2.28 0.43 0.02 0.03 <0.01 0.10
C27-3 2.66 1.18 0.05 0.08 <0.01 0.10
C28-1 1.88 0.64 0.04 0.08 <0.01 0.07
C28-2 3.27 0.85 0.06 0.08 <0.01 0.23
C28-3 3.08 0.56 0.05 0.07 <0.01 0.16
C28-4 2.40 0.69 0.04 0.08 <0.01 0.12
C29-1 4.53 1.79 0.07 0.09 <0.01 0.27
C29-2 1.29 0.41 0.02 0.03 <0.01 0.06
C30-1 2.96 0.72 0.06 0.07 <0.01 0.15
C31-1 0.72 0.25 0.01 0.02 <0.01 0.03
C31-2 1.52 0.56 0.03 0.07 <0.01 0.09
C31-3 3.14 0.96 0.07 0.07 <0.01 0.16
C31-4 3.99 0.52 0.06 0.12 <0.01 0.21
C32-1 2.71 0.75 0.07 0.08 <0.01 0.13
C32-2 2.73 0.44 0.04 0.09 <0.01 0.14
C32-3 3.39 0.81 0.06 0.09 <0.01 0.26
C33-1 1.95 0.26 0.06 0.04 <0.01 0.11
C33-2 2.50 0.33 0.05 0.04 <0.01 0.17
C33-3 2.42 0.32 0.04 0.06 <0.01 0.15
C33-4 1.24 0.31 0.02 0.03 <0.01 0.07
C34-1 1.08 0.35 0.02 0.02 <0.01 0.03
C34-2 3.77 1.24 0.04 0.10 <0.01 0.17
C34-3 2.14 0.38 0.03 0.04 <0.01 0.09
C35-1 1.78 0.37 0.03 0.07 <0.01 0.11
C35-4 1.31 0.39 0.03 0.06 <0.01 0.08
C36-1 0.62 0.26 0.01 0.01 <0.01 0.03
C36-2 0.73 0.25 0.01 0.01 <0.01 0.03
C36-3 0.86 0.34 0.02 0.01 <0.01 0.06
C36-4 0.80 0.21 0.01 0.03 <0.01 0.04
C37:'1 4.40 0.59 0.05 0.11 <0.01 0.25
C37-2 2.22 0.60 0.04 0.03 <0.01 0.08
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Appendix V. continued

WT% WT% WT% WT% WT% WT%
SAMPLENAME THM IL RUTILE LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
C37-3 2.16 0.66 0.05 0.06 <0.01 0.08
C38-1 1.99 0.28 0.03 0.02 <0.01 0.10
C38-2 2.32 0.46 0.03 0.04 <0.01 0.07
C39-1 4.40 0.83 0.08 0.05 <0.01 0.24
C39-2 4.13 0.88 0.05 0.02 <0.01 0.14
C39-3 2.60 0.76 0.05 0.03 <0.01 0.08
C40-1 4.56 0.88 0.06 0.07 <0.01 0.20
C4.0-2 4.18 0.96 0.09 0.14 <0.01 0.19
C40-3 2.75 0.71 0.04 0.08 <0.01 0.12
C41-1 3.86 0.77 0.06 0.04 0.00 0.18
C41-2 1.83 0.38 0.04 0.05 <0.01 0.08
C41-3 2.65 0.68 0.05 0.07 <0.01 0.12
C42-1 3.56 1.23 0.06 0.10 <0.01 0.14
C42-2 4.35 1.37 0.08 0.09 <0.01 0.22
C42-3 * * * * * *
C42-4 3.17 1.56 0.06 0.06 <0.01 0.21
C43-1 6.38 0.33 0.11 0.16 <0.01 0.17
C43-2 3.55 1.02 0.05 0.05 <0.01 0.13
C43-3 6.72 1.24 0.09 0.05 <0.01 0.27
C44-1 6.49 0.94 0.09 0.10 0.00 0.29
C44-2 3.50 0.97 0.04 0.02 <0.01 0.12
C44-3 1.74 0.42 0.02 0.04 <0.01 0.07
C45-1 3.01 0.40 0.04 0.08 0.00 0.14
C45-2 2.63 0.45 0.03 0.06 <0.01 0.07
C45-3 2.85 0.63 0.06 0.08 <0.01 0.16
C46-1 3.36 0.66 0.05 0.05 <0.01 0.11
C46-2 2.20 0.50 0.02 0.03 <0.01 0.05
C46-3 2.19 0.39 0.02 0.04 <0.01 0.06
C46-4 3.04 0.89 0.06 0.04 <0.01 0.14
C47-1 4.47 0.81 0.08 0.12 <0.01 0.13
C47-2 1.62 0.54 0.02 0.05 <0.01 0.07
C48-1 0.89 0.26 0.02 0.03 <0.01 0.03
C48-2 0.91 0.15 0.02 0.04 <0.01 0.02
C48-3 0.74 0.21 0.02 0.02 <0.01 0.03
C48-4 1.79 0.53 0.03 0.05 <0.01 0.06
C49-1 1.00 0.29 0.02 0.04 <0.01 0.03
C49-2 0.82 0.25 0.01 0.03 <0.01 0.03
C49-3 1.66 0.42 0.03 0.02 <0.01 0.04
C49-4 4.14 0.90 0.06 0.06 <0.01 0.14
C50-1 2.66 0.54 0.02 0.04 <0.01 0.10

WB063-1 2.07 0.81 0.04 0.03 <0.01 0.09
WB063-2 2.13 0.87 0.01 0.09 <0.01 0.11
WB063-3 2.53 0.90 0.03 0.14 <0.01 0.13
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Appendix V. continued

WTX WTX WTX WTX WTX WTX
SAMPLE NAME THM IL RUTIL E LEUCOX MONAZITE ZIRCON

--------------- -------- -------- -------- -------- -------- --------
STA054 5.12 1.69 0.13 0.14 <0.01 0.25
STA055 0.50 0.12 0.01 0.01 <0.01 0.01
STA056 0.83 0.26 0.02 0.01 <0.01 0.02
STA093 5.64 1.34 0.07 0.11 <0.01 0.23
STA094 7.45 1.70 0.12 0.10 <0..01 0.24

51-1 0.79 0.17 0.01 0.04 <0.01 0.02
51-2 0.09 0.03 <0.01 0.01 <0.01 <0.01
51-3 0.08 0.02 <0.01 <0.01 <0.01 <0.01
51-4 9.99 4.28 0.23 0.30 0.01 0.40

AVERAGE 0.78 0.04 0.05 0.00 0.12
STn 0.68 0.03 0.04 0.01 0.10

MAXVALUE 5.90 0.26 0.30 0.08 0.72
MINVALUE 0.02 0.00 0.00 0.00 0.00

GARNAR'SVALUES 5.0 2.25 0.10 0.25 0.05 0.25

Grab samples 51-1. 51-2. 51-3. and 51-4 were taken from North Carolina
barrier island beaches.



APPENDIX VI

Samples are sorted by decreasing abundance (with respect to the
total sample) of selected minerals. Only those samples with
val ues equal to or greater than Garnar's values are listed
(ilmenite. 2.25%; leucoxene. 0.25%; rutile. 0.1%; monazite.
0.05%; zircon. 0.25%: based onTHM = 5%). .

sample % IL sample % RUTILE
----------------- ----------------

85 5.90 85 0.26
51-4 4.28 51-4 0.23

54 4.25 59 0.17
59 3.85 1134-1 0.16
33 3.01 54 0.16

1134-1 2.99 HOl-3 0.15
48 2.89 C26-3 0.14
39 2.89 4 0.13

1136-1 2.59 STA054 0.13
98 2.59 C14-3 0.13
35 2.53 6-3 0.12
42 2.37 C17-5 0.12
40 2.33 STA094 0.12
32 2.26 56 O. 11

C17-4 0.11
C43-1 0.11
C12-3 0.11

98 O. 11
1136-1 0.10

C12-4 0.10
C14-4 0.10

87 0.10
66 0.10

sample % LEUCOX
-------------------

51-4 0.30
4 0.28

41 0.26

sample % MONAZITE
------------------

HOl-3 0.08
36 0.07
35 0.07

1091-1 0.06
54 0.05
14 0.05

APPENDIX VI. continued

sample % ZIRCON'
-----------------

54 0.72
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C12-3
42
59

HOI-3
C12-4

85
1134-1
51-4
CI0-4

1132-1
48
5

CI0-3
15

1136-1
4

56
C44-1
C26-3
C8-2

C17-2
C29-1
C43-3
C14-3
CII-4

57
41
12

C32-3
C14-4

46
C3-3

C37-1
STA054
1134-2

0.67
0.56
0.47
0.42
0.42
0.41
0.41
0.40
0.36
0.35
0.34
0.32
0.32
0.32
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
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APPENDI X VII

COREDESCRIPTIONS

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 CERCnumbers. so a cross-reference to the USGS-
assigned number is provided.

\
{'

"'\
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--- -

USGSNUMBER CERCNUMBER USGSNUMBER CERCNUMBER
/110 70 -1111 -12
VI15 · 59 1116 .....-9
116 . 58 1119 v54

-117 D73 1120 ..-39
-"1090 /5 1121 -"40

'1091 "'43 -1122 ,,20
1092 . 33 1127 29
1093 . 4 -1129 " 25
1094 .146 -1130 ' 26
1095 ...47 .-1131 /f9
1096 "'48 1132 ""'28
1097 "49 ,) 134 ..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 ./l1B 2004 L 60
2005 61



USGSCORE2000 (CERC#2)

Silt. gray (5Y 6/1). clayey: some sand. very fine grained: oyster shell
at top of core 6.30

USGSCORE2001 (CERC#3)

Empty plastic liner labeled 3A 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 thruout core (1-3cm thick):
labeled 38 1.34

USGS1093 (CERC#4)

Silt. light olive gray (5Y 6/2): clayey: sandy. fine grained: massively
bedded. . . . .. . . . .. . . . ... . . . .. ... . . . .. . . . . . . . . . . . . . . . . . ~ . .. . . .. .. . .. .3.01

USGS1090 (CERC #5)

Sand. grayish brown (2.5Y 5/2). fine grained: silty: massively bedded:
shell fragments common: many shell fragments at approx.0.95m 2.45

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

USGS1116 (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: including
coral (4cmlong) .0.25

Sand. light brownish gray (2.5Y 6/2). fine grained: silty: massively
bedded: Ensis fragments common 1.35
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USGS1109 (CERC#l1(B»

NOTE: Not the top of the core-only of section B

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

USGS1111 (CERC#12)

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

Sand. light brownish gray (2.5Y 6/2). fine grained; massively 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 l.34

USGS1139 (CERC#16)

Sand. light gray (2.5Y 7/2). fine to medium grained; massively bedded;
with small shell fragments (a few mm.) 0.45

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

USGS1131 (CERC#19)

Sand. light brownish grey (2.5Y 6/2).fine grained: massively bedded:
abundant shell fragments in this interval at 0.3 to 0.65 m 0.98

Sand. pale yellow (2.5Y 7/4). fine grained: massively bedded; in this
interval at 0.27m Callianassa? tubes (up to 5cm) 0.84

USGS1122 (CERC#20)

Sand. light brownish gray (2.5Y 6/2) fine grained; massively bedded:
abundant shell fragments; shell.layer-(.5-.65m) shells up to 6cm...0.65

Sand. light olive gray (SY 6/2). fine grained: massively bedded:
shell fragments common O.80
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USGS1129 (CERC'25)

Sand. light brownish gray (2.5Y 6/2). fine grained: massively bedded:
sparse shell fragments 1.93

Sand. coarse grained: with shell fragments 0.18

Sand. grayish brown (2.5Y 5/2). fine grained: mass1vely bedded 0.24

Clay and silt. light yellow brown (2.5Y 6/4) 0.12

Sand. grayish brown (2.5Y 5/2) fine grained: massively bedded 0.43

USGS 1130 (CERC '26)

Sand. light olive gray (5Y 6/2). micaceous. fine grained: massively
bedded: with shell fragments 1.45

Silt. light brownish gray (2.5Y 6/2). slightly clayey: lenses
of sand. fine grained !.08

USGS 1132 (CERC '28)

Sand. light olive gray (5Y 6/2). 'fine to medium grained: with shell
fragments: Ensis clam at top: oyster shell at 0.45m 1.64

USGS 1127 (CERC '29) (Cape Charles)

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

USGS 1100 (CERC '30)

Sand. light olive gray (5Y 6/2). micaceous. coarse to fine grained 0.53

Sand. coarse grained: and gravel: iron stained 0.07

Sand. micaceous. fine to medium grained: shell fragments 0.10

Sand and silt and clay. olive gray (5Y 5/2). massively bedded 0.83
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Silt. light olive gray (SY 6/2) sandy. fine grained: massively bedded...0.70

Sand. light olive gray (SY 6/2). medium to coarse grained: and gravel...0.27

USGS 2002 (CERC #31)

Sand. light olive gray (SY 6/2). fine to very fine grained: massively
bedded: shell layer at 0.26-0.30m. shells up to 3cm diameter 0.30

Sand gray (SY 6/1). fine to very fine grained: shell fragments
common: Ensis fragment in this interval at 0.63m 1.47

Silt and sand. gray (SY 6/1). very fine grained: massively bedded
shell fragments rare l.62

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

Sand. light yellowish brown (2.SY 6/4). coarse grained: and gravel:
massively bedded: local concentrations of clay 0.7S

Sand and gravel. olive yellow (2.SY 6/6). coarse grained:
(increased amounts of gravel) 1.0S

Sand. light yellowish brown (2.SY 6/4). medium to fine grained: some
coarse sand: massively bedded 0.S6

Sand. pale yellow (2.SY 7/4). medium to coarse grained: and gravel
massively bedded 1.49

Sand. light gray (2.SY 7/2). fine grained: and gravel: plant roots
in this interval atQ-O.15m O.45

Sand. pale yellow (2.SY 7/4). medium to coarse grained: and gravel
massively bedded 0.48

NOTE: Bottom of last core liner is threaded

USGS1098 (CREC #34)

Sand. light yellowish brown (2.SY 6/4). coarse grained: and gravel:
massively bedded: high concentration of pebbles at .4S-.60m 0.70
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Thickness
Meters

Sand. yellowish brown (10YR S/8). coarse grained: and gravel:
massively bedded: high concentration of gravel in this interval
at .10-.2Sm and again at .6S-.9Sm 1.21

Sand. yellowish brown (10YR S/8). coarse grained: and gravel: and
pebbles: iron staining: micaceo: grades into below 0.68

Sand. light olive gray (SY 6/2>' medium grained: grades into below 0.16

Silt. light yellowish brown (10YR6/4): sandy. fine-grained: clayey:
mi caceou s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.06

Silt. light yellowish brown (10YR 6/4): clayey: sandy. fine grained:
shell fragments: micaceous l.89

USGS1099 (CERC#3S)

Sand. light brownish gray (2.SY 6/2). fine to medium gra~ned: shell
fragments: massively bedded: grades into below O.SO

Sand. fine grained: muddy: micaceous: grades into below l.SS

Sand. fine to medium grained: muddy: scattered gravel at bottom of
interval 0.52

Sand. fine to medium grained: muddy: scattered shell fragments 0.38

Sand. pale yellow (SY 7/3). coarse to medium grained: gravelly:
mi caceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 25

Sand. light yellowish brown (2.SY 6/4). coarse to medium grained:
gravelly: micaceous 0.25

Sand. light brownish gray (2.5Y 6/2). coarse to medium grained:
grave11y: micaceous 0.70

Sand. light yellowish brown (2.SY 6/4). coarse grained: pebbly:
gravelly: iron stained O.41

USGS 1103 (CERC #36A)

Shell fragments: silt: and clay: light olive gray (SY 6/2): core
highly disturbed 0.25
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Sand. olive gray (5Y 5/2). fine grained: silt: and clay: shell .

fragments: core highly disturbed 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 silt and clay: scattered shell fragments 1.05

Sand. gray (5Y 5/1). fine to very fine grained: sparse shell fragments..1.80

Sand. gray (5Y 5/1). fine and medium grained: gravel 0.35

USGS 1120 (CERC #39)

Sand. light gray (2.5Y 7/2). medium to coarse grained: abundant shell
fragments (up to 2cm) including Ensis. various other bivalves.
and a sand dollar fragment: massively bedded 0.62

Sand. light olive gray (5Y 6/2). medium to fine grained:.massively
bed ded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 70

Sand. light gray (2.5Y 7/2). medium to coarse grained: abundant shell
fragments. some large (up to 6cm): massively bedded 0.18

Sand. light brownish gray (2.5Y 6/2). fine grained: massively bedded 0.10

Sand. light brownish gray (2.5Y 6/2). fine to very fine sand. massively
bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.75

USGS1121 (CERC#40)

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

USGS 1136 (CERC #41)

Sand. light olive gray (5Y 6/2). fine to very fine sand: micaceous:
massively bedded: widely scattered shells 1.50

Sand. light olive gray (5Y 6/2). fine to very fine sand; micaceous;
massively bedded: shelly layer in this interval at 1.02-1.08m 3.15
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Clay. silty ~ O.20
NOTE: iron stain at bottom of core due to rusted core-catcher .

USGS1091 (CERC#43)

Sand. light olive gray (SY 6/2). fine to very fine grained; silty;
micaceous; massively bedded 4.70

USGS1094 (CERC#46) CAPEHENRY

Sand. light olive gray (SY 6/2). fine to very fine grained; micaceous
massively bedded; shell fragments rare; well-formed worm tubes
in this interval; at 0.2Sm.; some non-identified fragments coal?..1.S8

Sand. light olive gray (SY 6/2). fine to very fine grained; micaceous;
massively bedded: rare shell fragments: 0.91

Clay. light olive gray (SY 6/2): silty: massively bedded; iron staining
in the surface along the core 0.88

NOTE: first set photos this core section were unusable the second set
of photos are corrected with tape in proper position

USGS109S (CERC#47) CAPEHENRY

Sand. light olive gray (SY 6/2): silty: massively bedded: shell fragments
rare: big piece of coal this interval at 0.2Sm 1.61

Sand. light yellowish brown (2.SY 6/4). fine to very fine grained: silty:
massively bedded: iron stained: coarse quartz grains rare 0.44

Sand. light gray (SY 7/2). (gray color). fined grained; silty; clay;
massi vel y bedded. . . . . . . . . .0. . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. . . . . . . . . . . .0 . 15

Sand. pale yellow (2.SY 7/3). mixture of fine medium and coarse
grained: (poor sorting) l.08

USGS1096 (CERC#48)

Sand. light olive gray (SY 6/2). fine to very fine grained: silty:
micaceous: massively bedded: worm tubes in the surface (10cm)
some coal fragments in the first 20 em. layer of shell
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fragments this interval at 1.S0-1.SSm ~ 1.80

Clay. light gray (SY 7/1); silty; with some laminations O.SS

Sand. light olive gray (SY 6/2). fine. medium and coarse grained;
poorly sorted 0.55

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

Silt. olive yellow (2.SY 6/6); sand: with clay: iron colored 1.68

USGS 1097 (CERC #49)

Sand. light olive gray (SY 6/2). fine grained; micaceous; massively
bedded; few scattered shell fragments; grading to sand. medium

-grained; micaceous; massively bedded: grading to sand. medium with
some coarse grained; micaceous; massively bedded; grading to

sand. pale yellow (2.SY 7/4). medium to coarse grained; micaceous
massively bedded 2.78

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

Silt. browish yellow (10YR 6/6). fine sandy. and silty fine sand; iron
stained; clam shells commonup to 6 or more cm partially dissolved.
and casts and molds; micaceous: massively bedded; grades to below..1.6S

Sand. yellowish brown (10YR S/4). fine grained; silty; shells and
shell fragments (1/2 cm to several cm); massively bedded 0.76

USGS 1107 (CERC #S2)

Sand. pale yellow (SY 7/3). medium grained; micaceous; shell
fragments; massively bedded 0.1S

Sand. light olive gray (SY 6/2). fine grained; micaceous; massively
bedded shell fragments; grading into below 0.8S

Sand. pale yellow (SY 7/3). medium grained: micaceous: scattered shell
fragments; massively bedded; grading into below 0.40

Sand. light olive gray (SY 6/2). fine with some medium grained;
scattered shell fragments; massively bedded; micaceous 1.91
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USGS1106 (CERC#S3)

Sand. light olive gray (SY 6/2). fine grained: micaceous: scattered
shell fragments including Ensis: massively bedded 2.96

USGS 1119 (CERC #S4)

Sand. 'light olive gray (SY 6/2). medium grained: micaceous: scattered
shell fragments: massively bedded: grading into below 0.70

Sand. light olive gray (SY6/2). fine grained: micaceous: scattered shell
fragments: concentrated shell fragments up to 1.Scm and some gravel
in this interval at 0.72-0.82m: massively bedded: grades to below..2.70

Sand. medium grained: micaceous: scattered shell fragments: massively
bedded:grading into below O.50

Sand. medium to fine grained: micaceous: scattered shell fragments:
massively bedded 0.28

USGS1134 (CERC#S6)

Sand. light olive gray (SY6/2). fine grained: micaceous: widely
scattered shell fragments: massively bedded: medium to fine
grained sand this interval at 0.2S-0.3Sm 3.S0

USGS2003 (CERC#S8)

Sand. light olive gray (SY 6/2). fine grained: micaceous: scattered
shell fragments: massively bedded 0.2S

Sand. light gray (2.SY 7/2). coarse grained: shelly: and gravel:
(shells to 6 cm) including sand dollar: massively bedded 0.2S

Sand. light gray (2.SY 7/2). medium to coarse grained: abundant
shell fragments (somewhat smaller): massively bedded: grading
into below 0.80

Sand. light gray (2.SY 7/2). coarse grained: with gravel: abundant
shell. fragments (to 6cm): gravel is iron-stained: massively
bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0 . 50

Silt. light olive gray (SY 6/2): sandy. fine grained:
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(Pleisto-Yktn); massively bedded ., .0.21

Silt. light brownish gray (2.SY 6/2); slightly clayey; some sand.
fine grained; small amount of gravel; massively bedded 0.39

Sand. light brownish gray (2.SY 6/2). fine grained; silty;
massively bedd~d; grading into below 0.8S

Sand. fine grained; micaceous; massively bedded; grading into below 0.13

Sand. light brownish gray (2.SY 6/2). medium grained; massively bedded..0.33

USGS 2004 (CERC #60)

Silt. pale brown (10YR 6/3); clayey; massively bedded; grades to below..0.60

Sand. light brownish gray (2.SY 6/2). fine grained; silty;
massively bedded; grading into below 0.2S

Sand. light brownish gray (2.SY 6/2). fine grained; micaceous;
massively bedded; grading into below 0.80

Sand. light brownish gray (2.SY 6/2). fine grained; silty; massively
bedded; grading into below O.65

Sand. light brownish gray (2.SY 6/2). fine grained; massively bedded 0.17

USGS2005 (CERC #61)

Sand. light gray (SY 7/2). medium grained; shell fragments; rare
massively bedded 1.40

Sand. light gray (SY 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

USGS116 (CERC#58) (CERC#DS8) Delmrva sand

Sand. pale yellow (SY 7/3). fine to medium sand; micaceous; shell
fragments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.55

Sand. pale yellow (2.SY 7/4). coarse grained; and gravel; shelly 0.30

Clay. gray (SY 5/1); silty; massively bedded; scattered shell fragments
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(well preserved. mostly bivalves. some gastropods and sand
do 11 a rs up to 1- 2 em) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.76

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

NOTE: probably two different cores - no mud-sand contact found

(CERC0-S88) no markings to show top or bottom of core;
Sand. light gray (SY 7/2). fine to medium sand: massively bedded:

she 11 fr agment s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.80

Sand. light olive gray (SY 6/2). fine grained matrix with medium
to coarse grains: numerous shell fragments (to 2cm) 0.20

Sand. light gray (SY 7/2). fine to medium grained. coarsening toward
botton; shell fragments rare: massively bedded 0.76

USGS116-S OS8 A 2/2
Core was broken. Most of the material was absent. Sand. fine grained;

micaceous; same sand as the other two sections 0.94

USGS 117 (CERC #073)

Sand. pale olive (SY 6/3). medium to coarse grained; gravel; shells 0.30

Sand. light olive gray (SY 6/2). medium grained: micaceous: scattered
shell fragments; massively bedded; grading into below 0.30

Sand. fine grained; micaceous: massively bedded 0.60

Mud. and sand.fine to coarse grained; and gravel. gray (SY S/l):
abundantshell fragments O.95

Sand. light olive gray (SY 6/2); fine to medium grained; scattered
shell fragments ~ 0.75

Sand. light olive gray (SY 6/2): medium grained: micaceous;
abundant shell fragments; massively bedded 0.6S

Sand. fine grained: micaceous: abundant shell fragments:
massively bedded 0.15

Sand. medium grained: micaceous: abundant shell fragments:
massively bedded 0.25
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Sand. coarse grained: and gravel: poorly sorted shells 0.10

Sand. pale yellow (SY 7/3). fine to medium grained: silty: micaceous:
massively bedded: shell fragments. well-preserved gastropods 0.7S

Sand. gray (SY 6/1). medium grained: abundant shell fragments:
scattered quartz gravel: massively bedded 1.0S

USGS 11.0 (CERC #70)

Silt. pale yellow (SY 7/3): clayey: massively bedded 0.70

Sand. pale yellow (SY 6/3). very fine grained: micaceous:
massi vely bedded 1.65

Sand. gray (SY 6/1). very fine grained: silty~ micaceous:
massively bedded 0.95

Silt. grayish brown (2.SY S/2): sandy. very fine grained: shelly 0.S5

511t. clayey. . .. .. . .. .. ... .. .. .. .. . . . .. . . .. . . ... ...0.15

Sand. very fine grained: silty: micaceous 0.20

Si 1t. clayey O.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.S1m...0.60

5i 1t: cl ayey: shell y. . . ... ... . . . . . . .. . .. .. . .. . . .. .0.32

USGS115 (CERC#59) NOTE:possible missing core section listed below

Silt. coarse grained 0.05

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

Silt. gray (5Y 6/1): clayey: shell fragments rare (up to 2cm):
massively bedded 1.80
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The following 25 cores were acquired during the summer of 1986.

COREHOI

THICKNESS
METERS

Sand. light brownish gray (2.5Y 6/2). fine to medium grained; massive;
shell fragments up to 1.5cm; oyster shell fragment 2cm; spisula?
1 .5em. . . . . . . . . . . . . . . . . . . . . . . . . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 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 lcm long below 1.70m l.96

COREH02

Sand. coarse to medium grained; with clay balls; shells- oysters. clam.
Ensis - up to 5.5cm O.17

Sand. fine to very fine grained; massive; grading into below O.ll

Sand. coarse grained; massive; shell fragments up to lcm O.14

Sand. fine to very fine grained; massive O.44

Silt. (5Y 2/1). clayey; small amount of very fine sand;
massive; intersperced with clayey silty very fine sand this
interval at O.89m 2.96

CORE H03

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

Sand. coarse to fine grained: massive: shell fragments up to 2cm: well
preserved clams. Ensis : grading into below O.18

Sand. fine to very fine grained: massive: grading into below O.13

108



Sand. coarse grained; massive; shell fragments up to 1.Scm; grading
into below" 0.09

Sand. medium grained; massive; shell fragments several mm; grading
into below 0. 08

Sand. fine to coarse grained; shell fragments several mm; grading
; nt 0 below 0 .08

Sand. fine to very fine grained; massive; micaceous 0.S1

COREH04

Sand. olive gray (SY 4/2). fine to very fine grained; massive 1.09

Clay. plastic; massive; very wet 0.09

Sand. very fine grained; silty; massive 0.1S

C1ay. pl astic; massive .0.24

Sand. olive gray (SY 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.Scm at 1.37-1.S7m..2.08

Shelly layer shell up to lcm O.OS

Clay. dark gray (SY 4/1). silty; with stringers of silty fine to very
fi ne sa nd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.41

Sand. very dark gray (SY 3/1). fine to very fine grained; silty;
mi caceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.30

COREHOS

Sand. olive gray (5Y 4/2). fine to very fine grained; massive; micaceous;
locally slightly silty fine to very fine sand; in this interval:
shell fragments in upper 0.75m (up to 6cm long); and layer of
medium to fine sand abundant shell fragments up to .5cm (clams.
Ensis. oyster shell 6cm long; 2cm long piece of muscovite?? at
0.40m may also be thin shell layer; color changes several times
thruout core as follows: very dark gray (5Y 3/1) at 0.16m: olive
gray (SY S/2) at O.39m. dark gray (5Y 4/1) at 0.72m 1.85
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COREH06

Sand. very dark gray (5Y 3/1). fine to very fine grained: micaceous:
massive: scattered shell fragments up to 3cm 0.72

Oyster shell and clam shell fragments up to 7cm 10ng 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 sand 1.46

Sand. very dark gray (5Y 3/1). fine grained: muddy: micaceous: 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 sand: with sparce
clay pods 1em. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.40

COREH07

Sand. very dark gray (5Y 3/1). fine grained: massive: scattered shell
fragments of several mm O.48

Sand. fine to course grained: poorly sorted: abundant shell fragments
of several mm: some well-preserved oyster. scallop. and clam shells
up to 5cm (which continue into mud layer. abundant to 0.12m depth):
not homogenous in color this interval at 0.00-0.05m 0.12

Clay. dark olive gray (5Y 3/2). silty: plastic: with pods of muddy
fine sand: micaceous:color changes to very dark gray (5Y 3/1) 1-.17

Mud. fine sandy: plastic: abundant shell fragments 3-4cm: well preserved
oyster shell 7cm .0.05

Clay. silty: fine sandy: plastic: scattered shell fragments 0.28

Shell layer: plastic fine sandy silty clay: well-preserved oyster
shell (7cm): abundant oyster shells: grading into below 0.10

Clay. silty: micaceous: plastic: some sandy pods. scattered shell
fragments: grading into below 0.20

Sand. dark gray to olive gray (5Y 4/1) (5Y42). fine to very fine
grained: massive: micaceous: intercalcations of silty clay this
interval at O.63-0.76m 1.22
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Clay. silty: with firm clay balls ~ 0.10

COREH08

Sand. grayish brown (2.5Y 5/2). fine grained: micaceous: massive:
shell fragments 0.17

Sand. mediumto fine grained: shell fragments u~ to 0.5cm 0.08

Sand. dark gray (2.5Y 4/0). fine grained: micaceous: massive: shell
fragments up to 4cm: in this interval: oyster shell fragment 4cm
at 0.75m: coarse sand with shell fragments up to 2cm at 0.93-0.97m:
2.5 cm scallop shell: grading into below l.09

Sand. dark gray (5Y 4/1). fine to very fine grained: silty: micaceous:
massive: several interspersed discontinious clay pods 0.5cm l.ll

Shell hash .0.05

Sand. fine to very fine grained: silty 0.07

Silt. olive (5Y 5/4). fine sandy: with clay pods 0.21

CORE H09

Sand. fine to very fine grained: micaceous 0.28

Sand. dark reddish gray (10YR4/1). fine grained: sparce shell
fragments up to 4cm l.03

CORE HI0

Sand. dark gray (5Y 4/1). fine to very fine grained: micaceous: massive:
scsttered shell fragments up to Imm: possible plant stems this
interval at O.SSm 0.95

Sand. coarse grained: shell fragments up to 6cm 0.08

Sand. dark gray (5Y 4/1). fine grained 0.04

Sand. fine grained: with silty clay pods (highly indurated): grading
i nto below O.16

III



Sand. olive (SY4/3). fine to very fine grained; micaceous; massive;
somewhat silty??; color changes to olive gray (SY S/2) and olive
(SY S/3); grading into below l.61

Silt. clayey; grading into below 0.18

Clay. silty; grading into below O.lS

Silt. fine sandy; slightly micaceous 0.22

COREHll

Sand. fine to very fine grained; micaceous; massive; scattered Ensis
fragment at top. other shell fragments thruout; in this interval:
4cm oyster shell fragment at 0.41m; poorly sorted coarse sand.
abundant shell fragments well-preserved clams. etc. up to 3cm at
O.33-0.36m. and O.40-0.45m l.89

CORE H12

Sand. medium to coarse grained; abundant shell fragments 0.19

Sand. medium grained; abundant shell fragments up to lcm; color: dark
gray (SY 4/1) to very dark gray (SY 3/1); grading into below 0.81

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

Sand. fine grained; occasiona; shell fragments up to 2cm; shell layer.
well-preserved 2cm clam this interval at 0.S2m color changes
dark gray (SY 4/1) to very dark gray (SY 3/1) 1.0S

COREH13

Sand. coarse grained; poorly sorted; abundant shell fragments up to
3.Scm. Ensis. oyster fragments clams; grading into below O.27

Sand. light brownish gray (2.SY 6/2). fine grained; abundant shell
fragments up to Scm (oyster shell) O.28

Sand. dark gray (10YR4/1). fine grained; micaceous; sparce shell
fragments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.49
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COREH14

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

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

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

Clay. silty; plastic; intercalated with layers of fine micaceous sand
(up to 9cm thick); piece of wood removed for dating this interval
at 0.11m.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.31

Clay. very dark gray (5Y 3/1). silty; plastic; intercalated with
micaceous fine sand; well-preserved oyster shell 7.5cm this interval
at O.35m .0.75

Sand. very dark gray (5Y 3/1). fine grained; micaceous; abundant sheil
fragments; in this interval: Ensis at 0.05m; well-preserved Ensis.
oyster shell. cl am at 0.28m; fewer shell fragments .at bottom-
of core 0 .67

CORE81

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

CORE82

Sand. olive gray (5Y 5/2). fine to very fine grained; micaceous;
massive; scattered shell fragments about Imm; color changesthruout
as follows: very dark gray (5Y 3/1) at 0.51m; olive gray (5Y 5/2)
at 1.37m; dark gray (5Y 4/1) at 1.62m 2.68
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COREB3

Sand. olive gray (SY S/2). fine to very fine grained: micaceous: massive:
scattered shell fragments-some well-preserved articulated Ensis 2cm:
color changes thruout as follows: very dark gray (SY 3/1) at O.SSm:
olive gray (SY S/2) than very dark gray (SY 3/1): I.Scm long
piece of wood at 1.83m: gastropod 0.7cm long at 2.20m 2.44

Sand. very dark gray (2.SY 3/0). fine to very fine grained; micaceous;
massive: scattered shell fragments l.13

COREB4

Sand. olive gray (SY S/2). fine to very fine grained: micaceous: massive;
scattered shell' fragments up to 2cm long. Ensis. clam: clayey silt
pod at 0.88-0.94m: color changes to dark gray (SY 4/1) at 1.00m l.89

COREBS

Sand. very dark gray (2.SY 3/0). fine to very fine grained: micaceous:
massive: sparce shell fragments of 1-2mm 2.00

Sand. very dark gray (SY 3/1). fine to very fine grained: micaceous:
massive; sparce shell fragments of 1-2mm l.07

COREVI

Sand. fine grained: with clay pods 0.49

Sand. medium grained: with clay pods O.83

Sand. coarse grained 0.17

Sand. coarse grained; coarsening toward bottom l.Sl

Sand. coarse grained; and gravel: iron oxide stain l.S2

Sand. medium and fine grained 0.48

Sand. coarse grained: and gravel 0.40

Sand. medium grained: heavy iron oxide staining this interval at
O.06-0.14m 0.60
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COREV2

Sand. fine grained; small amount of mud 1.18

Sand. medium grained; shell fragment 3-4cm this interval at O.21m O.2S

Sand. fine to medium grained; laminations of silt and clay 1.11

Mud1ayer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.03

Sand.fine grained 0.17

Mud. compact; with rock fragments (Scm) O.16

Mud. compact; with scattered shells O.31

Shell 1ayer with mud 0 .06

Sand. mixed: plastic mud ~ O.58

COREV3

Sand. olive gray (Sy 4/2). coarse to medium grained; occasional shell
fragments up to 1.5cm O.39

Sand. dark olive gray (SY 3/2). fine grained; silty; massive; some
mud balls near bottom; occasional gravel; grading into below O.91

Sand. dark olive gray (SY 3/2). medium to coarse grained; occasional
shell fragments (oyster shells to Scm); some mud near bottom O.60

Clay. greenish gray (5GY5/1). plastic; interrupted by layers of coarse
sand 2cm thick this interval at O.32-0.70m; some iron staining O.90

Sand. greenishh gray (5GY5/1). coarse grained; and mud O.24

Sand. olive gray (5Y 5/2). coarse grained O.20

Clay. greenish gray (SGY5/1). plastic O.13

Sand. light.olive brown (2.6y 5/6). coarse grained; and gravel
massive; iron-stained (in part) O.85

Clay. olive gray (SY 4/2). plastic O.13
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COREV4

Sand. fine to medium grained: occasional shell fragment: whole skate
or ray egg case 0.40

Sand. fine grained: interbedded with medium to coarse sand and large
clay pods: 2.5cm clam shell and other shell fragments O.50

Sand. fine grained: bottom IOcm includes some coarse sand O.35

Sand. medium to fine grained: small clay pods: grading into below O.09

9r ai ned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 29

to coarse grained: and gravel O.22

9r a i ned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O.09

grained: occasional pebbles up to 2cm: becoming
and more pebbly O.53

grained .. .. . .0.18

grained: grading to coarse sand. and gravel: clay pods O.39

gr a i ned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 12

Sand. fine to medium grained: with clast of pebbles and medium sand:
grading into medium to coarse sand with pebbles up to Icm O.59

Sand. fine grained 0.09

Mud layer: pebbly fine sand below O.06

Sand. fine grained 0.43

Mud. plastic 0.03

Sand. mediumgrained 0.22

Sand. medium to coarse grained O.53

Sand. fine

Sand. fine

Sand. fine

grained: silt: wood fragment O.07

grained 0.52

grained: mixed with gravel up to 4cm O.07
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Gravel. well-rounded: in sand-silt matrix: gravel up to 2cm ~ O.24

COREV5

Sand. gray (5Y 5/1). fine grained: silty: massive: occasional shell
fragments: dry .1.08

Sand. olive gray (5Y 4/2). medium to coarse grained: occasional
shell fragments: some clay balls 1cm: grading into below O.73

Sand. olive gray «5Y 4/2) medium grained: massive: occasional shell
fragments and clay balls: grading into below 1.55

Sand. olive gray (5Y 4/2). fiNe8$I RB%'15ML%I1R8&"!> II
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The following 50 cores were aquired 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-I". 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 encountered. Vibracoring began
again at this new depth below the sea floor; this core section was labeled
"RUN-2". This procedure was repeated to attain a total penetration of up to
20 feet.

THICKNESS
METERS

COREC1

Sand. olive gray (SY 5/2). medium to coarse grained; shell fragments
(up to 3cm. bivalves); coarse sand abundant in this interval at
0.40-0.7sm; color grading downwards .0 .0.85

Sand. medium to coarse grained; scattered shell fragments (a few mm) 0.3s

Sand. very dark gray (SY 3/1). fine grained; micaceous; scattered shell
fragments (a few mm) 0.34

Sand. very dark gray (sY 3/1). fine to very fine grained; micaceous;
shell fragments (up to 2cm); 6cm clam fragment this interval at
O. 26m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.31

Silt; sandy. very fine grained; scattered shell fragments O.Os

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

Sand. olive gray (SY S/2). fine grained; micaceous; shell fragments
rare(a few mm); scattered silty laminae 0.84

Sand. gray (sY 6/1) dry; fine grained; micaceous; very few shell
f rag men t 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 91

Sand. dark gray (SY 4/1). medium to fine grained; scattered shell
fragments (up to 1cm); scattered mud pods; grading into below O.sO

Sand. gray (SY 5/1). fine grained; micaceous; scattered shell
fragments; grading into sand. medium to fine grained 0.2s
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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) .1.45

COREC2

Sand. very dark gray (2.SY 3/0). fine grained; micaceous; H2S smell;
abundant mud pods; shell fragments at top up to Scm; shell
fragments at the bottom O.37

Sand. dark gray (SY4/1). coarse grained; quartzose; shelly 0.l0

Sand. dark gray (SY 4/1). fine grained; micaceous; mud pods;
shell fragments .0.78

Silt. dark gray (SY 4/1). clayey; with sand pods. fine grained:
few shell fragments 0.20

Silt. dark gray (SY 4/1). clayey: with sand pods: fine grained 0.30

Silt. dark gray (SY 4/1). clayey: with scattered pods: gastropod
in this interval at O.75m l.22

Sand. very dark gray (SY 3/1). fine grained: and clayey silt:
interlayered - layers about lcm: micaceous 0.93

Sand. very dark gray (SY 3/1). medium grained: shelly: mud pods
of silty clay and clayey silt lcm thick O.SO

Sand. very dark gray (SY 3/1). medium grained: shelly O.OS

Sand. dark gray (SY 4/1). medium grained: shelly: pods of silty clay 0.45

Sand. shelly: and clayey silt: interlayered O.l0

Sand. mediumgrained; shelly O.20

Sand: and clayey silt: shelly: interlayered O.30

Sand. medium grained: very shelly 0.l0

CORE C3 RUN-I. RUN-2

Run-l
Silt. black (2.SY 2/0): clayey; fluid mud: strong sulfur smell 0.l0
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Sand. very dark gray (SY 3/1). fine to very fine grained: micaceous 0.4S

Sand. fine to very fine grained: and silty clay: interlayered. (1-4cm):
micaceous: slightly shelly this interval at 0.SSm 0.68

Cl ay. s i 1ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0 . 12

Sand. fine to very fine grained: micaceous: few shell hash: gastropod
this interval at O.09m O.19

Sand. dark gray (SY 4/1). fine to very fine "grained: micaceous: some
mud: scattered shell fragments 0.36

Sand. fine to very fine grained: clay and silt: interlayered 0.12

Sand. dark gray (SY 4/1). fine grained: micaceous: shell fragments 0.81

Run-2 penetration-6.03m: recovery-3.0Sm
Silt. black (2.SY2/0): clayey: (fluid mud) 0.10

Sand. fine grained: micaceous: scattered shell fragments 0.2S

Sand. very dark gray (SY 3/1). fine to very fine grained: micaceous
scattered shell fragments: interlayered with silty clay: 1cm shell
layer in this interval at 0.92m 0.9S

Si 1t. clayey O.15

Sand. fine grained: micaceous: scattered shell fragments 0.10

Sand. fine grained: clayey silt: interlayered: micaceous:
scattered shell fragments 0.23

Shell fragments (IDem 10ng) 0.04

Sand. dark gray (SY 4/1). fine grained: micaceous: very few mud pods:
shell hash 0.48

Sand. fine to very fine: micaceous: interlayered with silty clay
and clayey silt: slightly mottled 1.14

COREC4

Sand. very dark gray (SY 3/1). medium to fine grained: micaceous:
shelly: shell fragments O.60

Sand. medium to fine grained: shelly: interlayered with silty clay
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pieces of wood this interval at O.28m ~ O.35

Clay. silty; with sand laminations (shelly and medium sand. 1cm thick)..O.61

C1ay. s; 1ty.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.32

Sand. fine to medium.grained; micaceous; few shell fragments; grading
to mediumgrained sand O.32

Sand. medium grained; micaceous; piece of wood 6cm long this
interval at O.77m 1.14

Sand. fine grained; micaceous; few shell fragments O.28

COREC5

Shells and shell hash; with quartzose sand. fine grained; (bivalves) O.42

Sand. fine grained; micaceous; with laminations of shell hash and clayey
silt (less than 1cm thickness); scattered shell has.h O.78

Sand. very dark gray (5Y 3/1). very fine grained; mud~y; grading into
very fine sandymud O.31

Sand. very dark gray (5Y 3/1). fine to very fine grained; muddy;
micaceous; with pods of very fine' sandy clayey silt 1.55

Sand. very dark gray (5Y 3/1). fine to very fine grained; muddy;
micaceous; with pods of very fine clayey silt; some scattered shell
hash; shelly layer this interval at O.34-0.39m 1.55

Sand. fine to very fine grained; muddy; shelly O.39

Sand. fine to very fine grained; muddy; micaceous; with pods of fine
san dy clayey s; 1t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 95

Sand. fine to very fine grained; micaceous; small amount of silt O.15

COREC6

Sand. fine grained; micaceous; scattered shell fragments O.10.

Sand. fine grained; muddy; shelly O.10

Sand. fine grained; micaceous; scattered shell fragments O.10
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Sand. very dark gray (SY3/1). fine to very fine grained: pods of silty
clay up to 150m thick: scattered shell fragments. lcm thick
shell layer in this interval at 0.03m l.2s

Sand. very dark gray (SY 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 l.s4

Clay. very dark gray (2.SY 3/0): silty: some very fine sand: massive 0.47

Sand. dark gray (sY 4/1). fine to very fine grained: micaceous: .
shell fragments (including gastropod. Ensis. up to 2cm) almost a
shell hash: silt and clay layer this interval at 0.14-0.20m 0.28

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: massive.I.OI

COREC7

Sand. black (2.SY 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 0.2s-0.34m 0.34

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous:
scattered shell fragments (a few mm) O.sl

Shell layer - bivalves (lcm) and fragments up to 3cm 0.04

Sand. dark gray (SY 4/1). fine to very fine grained: scattered shell
fragments: increase in mud content at bottom (slightly muddy sand).0.6s

Sand. dark gray (SY 4/1). fine to very fine grained: shell fragments
(bival ve. to 4cm) .0.26

Sand. medium to coarse grained: Quartzose: abundant shell fragments
(up to 10cm clam shell. also gastropods) 0.2s

Sand. olive gray (sY 5/2). medium to coarse grained: shell fragments
rare (a few om) O.26

Clay. dark gray (SY 4/1). silty: plastic O.11

Mud. medium sandy: shell fragments rare 0.20

Sand. gray (SY 5/1). medium to coarse grained: shell hash: and
fragments up to 3cm O.43

Clay. very dark gray (SY 3/1). silty: with shelly medium sand pods
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or lenses (up to 3cm thick): plastic mud O.68

CORE C8 RUN-I. RUN-2. RUN-3

Run-1
Sand. olive gray (SY 4/2). fine to medium grained: abundant shell

fragments (lcm bivalves and smaller fragments): grades into below..O.26

Sand. very dark gray (SY 3/1). fine grained: micaceous: scattered
shell fragments .0.36

Shell hash. (lcm bivalve and fragments to 4cm):
with sand. coarse grained O.l0

Sand. olive (SY 4/4). fine grained: some fine parallel laminations:
scattered shell fragments: micaceous O.32

Run-2 jetted-2.07m: penetration-3.08m: recovery-1.46m
Sample 8-2 continues into core 8 Run-2
Sand. olive (SY 4/4). fine grained: some parallel laminations:

micaceous: scattered shell fragments. (lcm bivalves and smaller:.- fragments) 1..45

Run-3 jetted-3.0Sm: penetration-6.04m: recovery-2.90m
Clay. olive gray (SY 4/2). plastic: with lenses of fine grained sand:

up to 2cm thick 0.42

Sand. dark gray (SY 4/1). fine grained: abundant shell in top half
of layer (lcm bivalves and smaller fragments: micaceous O.2S

-

Mud. dark gray (SY 4/1). plastic: sandy: shell fragments O.13

Sand. olive gray (SY 4/2). fine grained: micaceous: scattered
shell fragments: and mud lenses this interval
at O.OQ-O.03mand O.05-0.07m O.73

-
Sand. olive gray (SY 4/2). fine grained: micaceous: scattered

shell fragments 0.65

-
Mudand fine grained sand pods: gradual color change O.1S

Sand. very dark gray (SY3/1). fine grained: with mudlenses to 2cm
thick: micaceous: scattered shell fragments O.44

-- Shell hash. mostly bivalves of <lcm O.07

-
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-- - -

Sand. very fine grained: clayey: si1ty 0.08

Clay. very dark gray (SY 3/1): silty: highly plastic:
with 2cm thick fine sand 1amination 0.lS

Sand. very dark gray (SY 3/1). very fine: micaceous 0.72

Run-2 jetted-2.62m: penetration-4.82m: recovery-2.44m
NOTE: TOP OF CORE TOTAlLY DISTURBED
Sand. dark gray (SY4/1). fine grained: micaceous 0.l0

Clay. dark gray (SY 4/1): silty: p1astic 0.lS

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous 0.S3

Clay. s i 1ty (1ayer) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.03

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous 0.4S

Sand. dark gray (SY 4/1). fine grained: micaceous: shell
fragments up to Scm O.34

Sand. shelly: with bivalves and gastropods 0.09
. .

Sand. dark gray (SY 4/1). fine grained: micaceous: fine sand with
shell fragments this interval at 0.49-0.S4m 0.80

COREC13 RUN-I. RUN-2. RUN-3

Run-l
Sand. dark gray (SY 4/1). medium to fine grained: scattered shell

fragments up to 5cm O.60

Shell with medium grained sand: shell fragments up to Scm 10ng 0.27

Sand. fine grained: micaceous: shell fragments up to Scm 10ng 0.lS

Sand. fine grained: shelly: shell fragments up to 2cm mostly bivalves
and gastropods 0.21

Sand. dark gray (SY 4/1). fine grained: micaceous: silty clay layer
.this interval at 0.33-0,36m 1.00

Run-2 jetted-2.29m: penetration-S.OOm: 1.98m
Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: fine

silty clay laminations this interval at 1.16-1.19m l.92
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Run-3 jetted-4.21m: penetration-6.04m: 1.74m
Sand. dark gray (SY 4/1). fine to very fine grained: micaceous l.71

COREC14 RUN-I. RUN-2. RUN-3

Run-l
Sand. fine grained: micaceous: shell fragments (to lcm) O.13

Sand. coarse grained: sHell fragments (gastropods to 2cm. etc.) O.03

Sand. dark gray (SY 4/1). fine grained: micaceous: shell fragments
rare: color change to olive gray (SY 4/2) this interval at O.79m...O.91

Sand. fine grained: micaceous: abundant shell fragments O.06

Shell hash with matrix of micaceous fine grained sand: (bivalves 1-2cm).O.04

Sand. fine grained: micaceous: shell fragments rare: shell
fragments becoming more abundant toward bottom O.24

Clay. olive gray (SY 4/2): silty O.02

Clay. olive gray (SY 4/2): silty: layers of fine grained sand
(1-2cm thick): sand layer this interval at O.07-0.10m O.32

Sand. dark grayish brown (2.SY 4/2). fine grained: micaceous O.19

Clay. silty: sand laminations (up to lcm thick) O.09

Sand. olive (SY 4/3). fine to very fine grained: micaceous:
no shell fragments 0.48

Clay. silty: with fine grained sand laminations (up to lcm) O.17

Sand. fine to very fine grained: micaceous O.06

Run-2 jetted-2.41m: penetration-4.18m: recovery-2.20m
Sand. dark gray (SY 4/1). fine grained: micaceous O.lS

Shell layer (fragments of up to a few mm) O.OI

C1ay. s i 1 ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 04

Sand. fine grained: micaceous O.05

Clay. silty: pockets of micaceous fine grained sand O.25
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Sand. dark grayish brown (2.SY 4/2). fine grained: micaceous:
silty clay laminations this interval at 0.20-0.2Sm:
shell fragments (lmm or less) and silty clay laminations
at 1.10-1.2: mudball at 1.41-1.44m 1.70

Run-3 jetted-4.42m: penetration-6.04m: recovery-1.83m
Sand. fine grained: micaceous: shell fragments rare: sediments

disturbed by water in core liner 0.33

Clay. gray (SY 5/1). silty: sand laminations (up to 1cm thick) 0.21

Sand. olive gray (SY 4/2). fine grained: shell fragments rare
this interval at O.96-1.01m l.31

Core CIS RUN-I. RUN-2

Run-1
Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: top 12cm

has scattered shell fragments (up to 1cm) 0.80

Clay. silty: with fine sand laminations (0.5 cm thick) 0.20

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: color
changes to olive gray (SY 4/2) this interval at 0.30m 0.88

Run-2 jetted-1.83m: penetration-6.04m: recovery-2.14m
Sand. olive gray (SY 4/2). fine grained: micaceous: (no shell): silty

clay laminations this interval at 1.01-1.03m and 1.33-1.36m: color
changes to olive brown (2.SY 4/4) this interval at 1.00m 2.10

COREC16 RUN-I. RUN-2

Run-1
Sand. very dark gray (2.SY 3/0). fine grained: micaceous: rare shell

fragments (abundant only from 0.lS-0.20m): color changes to dark
gray (SY4/1) this interval at 0.94m EXCEPTfor 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-0.92
Sand. dark gray (2.SY 4/0). fine to very fine grained: micaceous: few

scattered shell fragments (lmm): silty clay laminations this
interval at 0.22-0.23m and 0.30-0.33m: color changes to dar~ grayish
borwn (2.SY 4/2) this interval at 0.30m 0.96
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COREC17 RUN-I. RUN-2. RUN-3. RUN-4

Run-1
Sand. dark gray (2.5Y 4/0). fine to very fine grained: micaceous:

shell fragments (lmm) rare: silty clay lamination this
interval at I. 28m .1.64

Dark gray (2.5Y 4/0): silty clay and micaceous fine grained sand.
alternating layers: (layers up to 7cm thick): scattered shell
fragments in sand: color changes to dark gray (5Y 4/1)
this interval at O.19m ~ O.36

Sand. dark gray (5Y 4/1). fine grained: micaceous: scattered shell
fragments 1mm(mostly below .35): silty clay laminations with shell
fragments (a few mm) this interval at 0.72-0.73m and 0.75-0.76m 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 scattered shell
fragments a few mm: color changes to very dark gray
(5Y 3/1) in this interval at 0.10m 0.36

Sand. fine grained: micaceous: (no shell): layer of abundant shell
fragments (bivalves. a few mm)this interval at 0.34-0.39m O.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 (to 1 em thick) O.21

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

Clay. silty: fine grained sand lamination this interval at 0.04-0.05m...0.20

Sand. dark gray (SY 4/1). fine grained: micaceous: few scattered
shell fragments (about a mm) O.36

Run-4 jetted-4.03m: penetration-6.04m: recovery-1.S2m
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 0.4S-0.S0m: widely scattered shells between O.42-0.90m
(lmm): 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. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.50

COREC18 RUN-I. RUN-2
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Run-l

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: abundant
to widely scattered shell fragments «lmm- I.Scm); shell
fragments up to 4cm this interval at 2.00-2.09m 2.09

Run-2 jetted-l.98m: penetration-2.S9m; recovery-O.SS
Sand. dark gray (SY 4/1). fine grained; miccaceous: scattered shell

fragments (mostly 1-2mm. also a bivalve of 2cm) ????

COREC19 RUN-I. RUN-2. RUN-3

Run-l
Sand. dark gray (2.SY 4/0). fine to very fine grained: lightly scattered

shell fragments. 1-2mm; grades into silty fine sand l.80

Sand. fine to coarse grained; silty: and gravel; micaceous; shell
fragments up to 3cm O.la

Run-2 jetted-l.83m: penetration-4.88m; recovery-l.62m
Sand. dark gray (SY 4/1). fine to very fine grained: micaceous:

scattered shell fragments up to 6cm; shell fragments up to lcm
commonthis interval at 0.98-1.09m l.09

Sand. light gray (SY 6/1). mediumwith some fine grained; shell
fragments up to 6cm (bivalve); this interval at 0.00-0.06m: pod of
fine to mediumsand. slightly silty this interval at 0.39-0.43m 0.46

Run-3 jetted-3.38m: penetration-S.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 (lcm size): cobble this interval at 1.8Sm l.70

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

COREC20 RUN-I. RUN-2

Run-1
Sand. dark olive gray (SY 3/2). coarse with some fine grained; scattered

shell fragments up to 3cm O.27

Cobble: sandy siltstone. in fine to medium sand; rounded gravel:
shell fragments 0.18

Sand. dark gray (SY 4/1). fine grained; shelly; pods of silty sand and
gravelly shell hash. shell up to 1-2mm 0.37
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Shell fragments in silty clay matrix with fine to medium sand and
gravel: shell fragments up to 3cm O.10

Clay. silty: lenses of fine to medium grained sand: also gravel: lenses
less than 1cm thick: some mica O.30

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 O.43m and O.72m 1.27

Sand. fine grained: micaceous: with silty clay layers up to .5cm thick..O.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 abundancedownward 0.50

Cobble showing alternating layers of sandstone and siltstone:
pebbles and shells commom O.06

Sand. dark gray (5Y 4/1). fine grained: abundant shell fragments
(up to 2mm)and some rounded gravel «lcm): shelly .layer this
1aye rat O. 83 - 0 . 84m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.44

Shell hash. sandy: fragments up to 3cm. some gravel: silty clay pods O.08

Sand. fine grained: some silt O.03

Clay. dark gray (5Y 4/1). silty: micaceous: fine sand laminations
(up to 1mm): crossbed of silty fine sand and gravel <3cm thick
this interval at O.26m O.39

Clay. dark gray (5Y 4/1). micaceous and silty. alternating with beds of .
micaceous silty fine grained sand: layering ranges from <lmm.to 1cm
for sandy layers and <lmmto 5cm for clayey layers: sporadic pods
of silty medium and fine grained: sandy layers begin to range in
thickness from <lmmto 8cm: this interval at 2.1 to 2.55m 3.16

COREC21

Sand. olive gray (5Y 5/2). coarse grained: few scattered
shell fragments 0 .0.40

Sand. olive gray (5Y 5/2). course grained: and gravel: abundant
biodetritus. bivalves up to 10cm (quratz shelly sand) O.46

Clay. gray (5Y 4/1). silty: plastic: with coarse sand pockets
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this interval between 0.04-0.09m 1.34

CORE C22

Sand. olive gray (SY 4/2). coarse grained: lot of shell fragments
up to 6cm long) ~ 0.40

Sand. olive gray (SY 4/2). coarse to medium grained: scattered
shell frgaments .0.45

Sand. olive gray (SY 4/2). medium grained: shell fragments 0.6S

Sand. med;urn gra i ned.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 15

Sand. olive gray (SY 4/2). coarse grained: shell fragments up to
4cm long 0.06

Sand. med;urngrained o. 09

Sand. coarse grained: shell fragments up to 4cm 10ng 0.03

Sand. mediumgrained 0.07

Sand. medium grained: abundant shell fragments 0.1S

Sand. gray (SY 4/1). medium grained 0.40

Sand. medium grained: abundant shell fragments O.OS

Sand. medium grained: big oyster shell this interval at 0.30m 0.40

Sand. medium to fine grained: scattered shell fragments 0.1S

Sand. very dark gray (SY 3/1). fine grained: scattered shell fragments:
small silty clay pod this interval at 0.87m 1.09

Sand. coarse grained 0.04

Sand. very dark gray (SY 3/1). fine to medium grained: small amounts
of silt: scattered shell fragments 0.08

Sand. olive gray (SY 412). medium to coarse grained: gravel (quartz)
up to 2em 0.10

Sand. olive gray (SY 4/2). medium to coarse grained 0.69

Sand. olive gray (SY 4/2). medium to fine grained: scattered shell
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fragments; scattered gravel (quartz and rock)up to 2cm 0.40

CORE C23

Clay. very dark gray (2.SY 3/0). silty; smelly; small silty sand pocket
this interval at 0..ll-0.19m; shelly layer this interval at 0.96m..1.SS

Sand. silty; washed 1n111 0.06

Clay. b1ack (5Y 2. 5/1). si 1ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.31

Sand. dark gray (2.SY 4/0). silty; laminations of coarse to medium
sand up to 2cm thick; very micaceous; no shell fragments 0.78

Sand. very fine grained; micaceous 0.36

Sand. dark gray (SY 4/1). very fine grained; micaceous 0.70

Sand. coarse grained 0.05

Sand. very fine grained; micaceous; silty clay this interval
at O.OQ-O.02m .0.10

Sand. gray (SY S/l). coarse grained; grading into below O.SS

Sand. mediumgrained 0.16

Sand. dark gray (SY 4/1). medium to coarse grained 0.S9

Sand. coarse grained; gravel and pebbles up to 2cm 0.20

Sand. medium to coarse grained O.SS

Sand. fine to very fine grained; micaceous: shelly layer with fine sand
shell (biodetritus) to Scm long. this interval at 0.07-0.1Sm O.21

CORE C24

Sand. dark gray (SY 4/1). coarse to medium grained 0.91

Sand. dark gray (SY 4/1). coarse grained: and gravel: scattered shell
fragments up to 8cm O.30

Sand. dark gray (SY4/1). mediumto fine grained: higher concentration
of finer grained material at bottom: somewell-preserved bivalves
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3-4cm long this interval at 0.35m 0.40

Sand. coarse to medium grained: scattered shell fragments 0.13

Sand. dark gray (2.5Y 4/1). medium to fine grained: scattered
shell fragments .1.16

Clay. silty: inter1aminated with mediuum to fine sand up to 1cm thick...0.06

Sand. fine grained: shell fragments up to 7cm 10ng 0.20

CORE C25

Clay. dark gray (5Y 4/1). silty: very silty medium grained 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 sand) 1.35

Sand. gray (5Y 5/1). coarse grained: shell fragments: becomes silty
towards bottom: silty clay pod this interval at 0.20m 0.50

Sand. dark gray (5Y 4/1). fine grained: si1ty 0.10

Sand. gray (5Y 5/1). medium grained: grading into be10w 0.15

Sand. coarse grained 0.45

Cl ay. s i 1ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 04

Sand. coarse grained: cobble (5cm) Q.06

Clay. dark gray (5Y 4/1). silty: and fine to very fine sand laminations
up to 3cm thick 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...0.45

Sand. gray (5Y 5/1). coarse to medium 0.53

COREC26

Sand. olive gray (5Y 5/2). fine to very fine grained: micaceous:
fine grained sand with shell hash: fragments up to lcm this
interval at 1.10-1.14m and at 1.26-l.28m: silty fine grained
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sand laminations 1cmthick at 1.20-1.25m: silty
clay layer at 1.60-1.64m: color changes to
dark gray (5Y 4/1) at 1.24m 1.71

Sand. fine to very fine grained: micaceous: some scattered shell
fragments: shell fragments up to 8cm long this interval at
O.20-0.25m concentration of shell fragments at O.33-0.36m O.69

.Sand. medium grained: shell fragments up to 2cm and clay balls 2cm dia..O.13

Sand. fine grained: silty: silty clay pod this interval at O.16-0.32m:
silty clay layers at O.72-0.75m and O.84-0.87m O.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 O.16m O.63

Sand. fine grained: silty: with silty clay laminations: clay laminations
vary between 1cm and 10cm thick: concentration of bivalve shells
up to 1cm long fine sand matrix this interval at O.04-0.13m:
shell fragments up to 4cm long at O.54-0.56m: crossbedded (1) clay
layer at O.S6-0.62m: concentration of bivalve and gastropod
shells up to 1.Scm. in fine sand matrix at O.62-0.69m 1.02

CORE C27

Sand. dark gray (SY 4/1). coarse to very coarse grained: scattered
shell fragments 0.12

Sand. dark gray (SY 4/1). fine grained: micaceous: silty clay
lamination this interval at O.11m O.13

Sand. coarse to medium grained: sandy shell hash (shell fragments
up to 3cm long) this interval at O.07-0.13m O.20

Sand. very fine grained: micaceous: scattered shell fragments O.08

Clay. dark gray (2.SY 4/1). silty: shelly medium to coarse sand this
interval at O.08-0.11m: silty sand pods at O.12-0.17m
and O.O.43-0.45m 1.20

Clay. dark gray (2.SY 4/1). silty: small well compacted sand pod this
interval at O.03-0.05m 2.95

Silt. sandy: various amounts of fine sand O.32

Gravel to coarse sand: gravel up to 7cm (quartz): small mud pod this
interval at D.IO-D.15m 0.30
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COREC28

Sand. mediumto fine grained: colors as follows: light olive gray
(SY 6/2) up to 0.28m. dark gray (SY 4/1) up to 1.30m. light
olive gray (SY 6/2)up to 1.59: shell fragment 2cm long this
interval at 0.44m: exhibits planer bedding at 0.SO-0.60m: silty
clay layer thins fron 3cm to <O.OScmat 1.99-2.02m 2.12

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous:
scattered shell fragments <O.OScm: concentration of shell fragments
some medium sand this interval at 1.62-1.72m: grading into
be1ow.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2.08

Sand.mediumto coarse grained O.15

Sand. dark gray (SY 4/1). fine to medium grained with interlaminations
silty clay: silty clay 3mm-1cm thick: sand 1-3cm thick 0.67

Sand. dark gray (SY 4/1). medium grained: scattered shell fragments
up to 1em. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 26

Sand. dark gray (SY 4/1). fine to very fine grained: silty: widely
scattered shell fragments: becomes slightly coarser this
interval at 5.75m 1.00

COREC29

Sand. olive gray (SY 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 O.9S-1.4Sm (these up to 3cm): color
changes to dark gray (SY 4/1) at 1.S0m 2.33

Clay. dark gray (SY 4/1). silty: well compacted: mudpods of less
compaction this interval at 0.18m and 0.32m and 0.S7m:
fine grained sand pod at 2.27m (2mmthick) 2.89

CORE C30

Clay. dark gray (SY 4/1). silty: scattered shell fragments <lmm:
fine sandy silt layer 3cm thick at a 45 degree angle this
interval at O.20m 0.34

Sand. fine grained: silty: shell fragments up to 3cm: peice of wood
2cm long this interval at 0.08m O.44
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Clay. dark gray (SY 4/1). silty with interlayers and silty fine sand;
with scattered shell fragments up to 1mm; clay layers 4-Scm:
sand layers 15-20cm 0.56

Clay. dark gray (SY 4/1). silty O.14

Sand. fine grained; silty; scattered shell fragments to 1mm O.29

Clay. dark gray (SY 4/1). silty; widely scattered shell fragments <lmm
well compacted; shell fragment 2cm long this interval at O.74m 1.69

Clay. dark gray (SY 4/1). silty; shell fragments absent; air pockets
in center of core this interval at O.13-0.17m and O.46-0.64m 1.64

COREC31 RUN-I. RUN-2

Run-1
Sand. pale yellow (SY 7/4). medium grained; scattered shell fragments

up to 1mm; clam shell 3cm this interval at O.31m; color changes
very dark gray (SY 3/1) at O.lS-1.20m (bioturbation). pale
yellow (SY 7/4) at 1.20-1.40m. dark gray (SY 4/1) at 1.4S-2.00m
(bioturbation); medium to coarse grained sand with higher
concentration of shell fragments at 2.40-2.S4m.
and at 2.~-2.92m 3.05

Run-2 penetration-3.11m; recovery-2.99m
Sand. dark gray (SY 4/1). fine grained; some silt; shell fragments

up to 2mm; plastic plug this interval at O.3S-0.4Sm O.4S

Sand. dark gray (SY 4/1). fine grained; silty; scattered shell
fragments <lmm; very moist to wet (high water content) l.Sl

Silt. sandy. fine grained; scattered shell fragments <lmm O.27

Sand. coarse grained; silty; shell fragments <2mm;upper contact
at 45 degree angle 0.16

Silt. sandy. fine grained; shell fragments <lmm O.06

Sand. coarse grained; silty; upper contact at 4S degree angle O.09

Sand. dark gray (SY 4/1). fine grained; silty; scattered shell
fragments up to 4cm O.26

CORE C32
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Sand. dark gray (SY4/1). fine grained: silty: scattered shell
fragments up to 2mm: large shell fragment (3cm long) this
interval at 0.70m: becomes coarser at 0.8S-1.0Sm l.17

Silt: fine grained sandy: scattered shell frgaments <lmm O.ll

Sand. dark gray (SY 4/1). coarse grained: silty: grading into
fine grained sand this interval at 0.04m: scattered shell
fragments up to 3mm O.28

Sand. fine grained: scattered shell fragments 0.49

Cl ay. 5; , ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.05

Sand. fine grained: scattered shell fragments 0.14

Clay. dark gray (SY 4/1): several <lmmsilty sand laminations: silty
fine grained .sand layer this interval at 0.17-0.18m: concentration
of shell at bottom contact 0.2S

Sand. dark grayish brown (2.SY 4/2). fine grained: micaceous: silty:
silty clay lamination (lmm thick) this interval at .0.14m:
horizontal bedding visible: color changes to light olive brown
(2.5Y 5/4) at O.11m ~...O.16

Clay. light olive brown (2.SY 5/4). silty: becomes coarser from
O.30m and down: color changes several times in this interval
to gray (SY 5/1) at 0.04m: and dark gray (SY 4/1) at O.OSm:
and dark grayish brown (2.SY 4/2) at 0.30m 0.4S

Sand. dark gray (SY 4/1). very fine grained: silty: micaceous: color
changes several times this interval: from 0.13 to bottom
alternating colors of olive gray (SY 4/2) and yellowish 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 Immto O.Scm thick 0.1S

Sand. medium to coarse grained: and gravel: (rounded).~ 0.06

Sand. fine grained: micaceous: mud lens <lmmthis interval at 0.04m 0.04

Sand. medium tcr coarse grained: and gravel 0.03

Sand. mediumgrained 0.08

Sand. medium grained: and gravel 0.04
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Clay: with fine grained sand 1enses 0.08

Sand. olive gray (SY 4/2). fine grained: some silt: micaceous 0.S4

Sand. dark gray (2.SY 4/0). fine grained: some silt: micaceous: begin
to have shell fragments increasing concentration with depth 0.20

Shell hash: some fine grained sand: mostly bivalves up to 1cm
with trace gravel ~ 0.26

Sand. dark gray (2.SY 4/0). very fine grained: silty: micaceous:
widely scattered shell fragments: shelly layer this interval
at D.ID-O.12m 0.57

CORE C33

Sand. black (2.SY 6/0). fine grained: silty: widely scattered shell
fragments: inter1ayers of silty clay ranging from 0.S-6.0cm thick
this interval from 0.0-0.9Sm:si1ty clay layers at
0.32-0.38m. and 0.4S-0.48m (with .Scm layer of coar.se sand below).
and 0.64-0.67m: silty fine to medium sand layer
at 0.SO-0.S7m: medium sand with shell fragments up to 4cm
some silt at 0.68-0.73m: color changes to dark gray
(2.5Y 4/0) atO.48m l.54

Sand. fine grained: silty O.34

Clay. si 1ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.03

Sand.fine grained: silty O.04

Clay. silty: with several fine grained sand 1enses 0.OS

Sand. dark olive gray (SY 3/2). coarse grained: and gravel: abundant
shell fragments up to Scm long: pod of mud this interval at 0.06m..0.31

Sand. dark gray (2.SY 4/0). fine grained: very silty: mud pods:
scattered shell fragments O.S3

Silt. clayey: inter1ayered with silty clay. layers range 1-2cm:
shell absent 0.13

Clay. very dark gray (2.SY 3/0). silty: grading into be1ow 0.1S

Sand. dark gray (SY 4/1). fine grained: silty: becomes less silty
with depth: pod of mud this interval at 0.91m 1.34
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Sand. dark gray (SY 4/1). fine grained: gravelly ~ 0.17

Gravel. black (2.SY 2/0): with silty fine sand: scattered shell
fragments 0.32

Silt. clayey: more clayey at top: some gravel at bottom 0.16

Gravel: with silty fine sand: scattered shell fragments: gravelly silt
layer this interval at 0.14-0.1Sm: higher concentration of shell
fragments with some medium sand toward bottom 0.26

Silt. black (2.SY 2/0). clayey 0.06

Gravel and shell fragments: with silty fine grained sand and some
medi urn9rai ned sand a.25

Clay. si lty: i nterl ayered with cl ayey si It: with gravel: shows
horizontal bedding 0.07

Gravel and scattered shell fragments: with medium to coarse sand and
s;1 t .0.17

Sand. gray (SY S/I). interbedding of silty fine and medium grained:
mud pod with medium sand this interval at ????: clay ball this
interval at O.09m 0.10

Sand. gray (SY S/I). medium to fine grained: and gravel: trace clay:
abundant shell fragments O.17

COREC34

Sand. olive gray (SY S/2). medium grained: trace of coarse and fine
grained sand: widely scattered shell fragments 2.20

Sand. fine to medium grained: widely scattered shell fragments: mud
lamination up to 2mmthick this interval at O.ISm: higher percent
of mediumsandat O.20-0.27m O.27

Sand. dark gray (SY4/1). fine to very fine grained: widely scattered
shell fragments: layer of abundant shell fragments 2cm thick
this interval at O.43m l.05

Sand. medium grained: shell fragments 0.02

Sand. dark gray (SY4/1). very fine grained: silty: with layers of
mediumgrained sand and shell fragments this interval at 0.13-0.14m.
and 0.23-0.26m: pod of coarse sand at 0.33-0.38m:
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O.S cm thick layer of silty clay at 0.39m 0.39

Sand. olive gray (SY S/2). coarse grained: shell fragments: several
mudpods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0. 17

Sand. fine grained: and shell fragments 0.06

Sand. olive gray (SY S/2). coarse grained: abundant shell fragments O.ll

Sand. dark gray (fSY 4/1) very fine grained: silty 0.S2

CORE C3S

Sand. medium grained: in mud matrix: shell fragments up to 4cm 0.08

Clay. very dark gray (SY 3/1): pods and discontinuous laminations
of fine sand common: pods toward surface contain medium
sand and mud: scattered fragments of wood this interval at:
1.lS-1.20m. and 1.3S-l.S6m. and 1.80-l.9Sm: color changes to dark
gray (SY 4/1) at 0.80m: abundant fine grained sand.
laminations at 4.lS-4.60m: sand laminations increase in thickness
and interlayers of clay becomes more silty and thinner
at 5.25-5.42m 5.42

Sand. gray (SY S/l). medium to fine grained: grading to very fine
sand at bottom: interlayered mud and fine grained sand this
interval at 0.3S-0.38m. and 0.42-0.46m: trace of gravel at bottom
contact this interval at 0.48m 0.48

Clayey silt matrix: pods of greener more compacted clay: scattered
shell fragments: colors: clay. dark greenish gray (SGY4/l):
silt. dark gray (SY4/1) 0.12

COREC36 RUN-I. RUN-2. RUN-3. RUN-4

Run-l
Sand. olive (SY S/3). medium to coarse grained: abundant shell fragments

up to Scm: abundant fine to medium sand. coarse sand commom
this interval at O.72m l.25

Run-2 jetted-I. 13m: penetration-2.4lm: recovery-I. 37m
Sand. pale olive (SY6/3). mediumgrained: scattered shell fragments:

plastic plug this interval at 0.22-0.32m: color changes to olive
gray (5Y 5/2) this interval at O.15m: silty clay pod with color of
dark gray (SY 4/1) this interval at 1.02m: grades into below l.lS
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Sand. fine to medium; scattered shell fragments ! O.23

Run-3 jetted-2.3Sm; penetration-3.08m; recovery-l.07m
NOTE:top O.4m of tube empty; measurements not exact-core disturbed
Sand. olive (SY S/3). medium grained; abundant shell fragments; color

changes to gray (SYS/l) this interval at O.SSm l.03

Sand. dark gray (SY4/1). fine grained; abundant shell fragments O.33

Run-4 jetted-2.99m; penetration-3.96m; recovery-l.Ol
Sand. gray (SY S/l). fine to medium grained; abundant shell fragments;

darker colored parting this interval at O.33m; plastic plug this
interval at D.ll-O.87m 1.00

CORE C37

Sand. dark gray (SY 4/1). fine to very fine grained; micaceous;
scattered shell fragments; concentration of shell fragments
mostly Ensis this interval at O.12-0.l4m; laminations of silty
clay up to 2cmthick at O.S3-0.6Sm and 1.29-l.30m .
gradi n9 ;nto below 2.00

Sand. dark gray (SY 4/1). medium to fine grained; shelly layer
in sand matrix. fragments up to 3cm this interval at O.4S-0.S3m;
shell layer in sand matrix. gastropods and bivalves up to 8cm
at O. 7 5 -0 . 80m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 82

Sand. dark gray (SY 4/1). fine to very fine grained; micaceous; silty
sand layer this interval at O.3l-0.33m; silty clay layers
at 0.46 and 0.56 (lcm) 2.14

COREC38

Sand. very dark gray (SY3/1). fine to very fine grained; micaceous;
Ensis shell fragment 4cm long this interva; at O.81-0.84m l.03

Sand. dark olive gray (SY 3/2). coarse grained; some gravel O.08

Sa nd. medi urn grai ned: si 1ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e.. 0.03

Sand. medium to coarse grained; shell fragments up to 4cm O.06

Sand. very dark gray (SY 3/1). medium to fine grained; silty clay
this interval at O.OQ-O.Olm O.22
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Sand. very dark gray (SY 3/1).

Sand. very dark gray (SY 3/1).

Clay. silty; some fine grained

mediumgra;ned ~ O.11

fine to very fine grained; micaceous O.30

sand: micaceous O.15

Sand. coarse grained; silty; and gravel; shell fragments up to 7cm O.21

Clay. dark gray (SY 4/1). slighty silty; high degree of compaction;
small pods of coarse sand this interval at 1.64-1.74m; O.Scm
thick layer of shell fragments this interval at 3.20m 3.96

COREC39

Sand. dark gray (SY 4/1). very fine grained; massive; scattered shell
fragments up to 4cm Ensis; dark band this interval at O.10-0.12m...l.54

Sand. medium grained: and gravel; shell fragments O.05

Sand. fine to very fine grained; some medium sand; micaceous O.22

Sand. coarse to medium grained; trace of gravel O.03

Sand. dark gray (SY 4/1). fine to very fine grained; micaceous;
scattered shell fragments; trace of subrounded gravel;
concentration of gravel and shell fragments up to 4cm this
interval at O.46-0.56m; piece of wood 4cm long at
1.28m; concentration of bivalve shells at 2.0S-2.08m;
layer of silty fine sand at 2.79-2.84m; layer of silty
clay at 2.89-2.95m; shell hash with fragments up to
3cmwith coarse sand at 3.29-3.34m; interlaminations
of silty clay and silty fine sand laminations up to lcm thick
at 3.42-3.46m 3.59

COREC40

Sand. dark gray (SY 4/1). very fine grained; micaceous; massive; widely
scattered shell fragments l.45

Sand. dark gray (SY 4/1). very fine grained; micaceous; massive;
scattered shell fragments up to lcm; several pods of silty fine
sand this interval at O.SS-O.70m; lcm wide shell layer (clams lcm
at an angle) at O.80m l.53

Sand. dark gray (SY 4/1). very fine grained: micaceous: massive: widely
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scattered shell fragments: 1cm thick lenses of silty fine sand
common.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. .. ... .1.49

COREC41

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
O.30-0.35m: horizontal layer of abundant shell fragments 1cm at
O.42-0.44m: abundance of Ensis at O.20m 1.31

Sand. dark greenish gray (5GY,4/1). fine to very fine grained: micaceous:
silty: widely scattered shell fragments up to 1cm: in this interval:
decrease in sand and increase in clay content at O.37m: silty clay
with scattered occurances of very fine sand at O.55m: scattered
grains of coarse sand below O.54m O.74

Clay: some silt: occasional larger grains O.17

Sand. gray (5Y 5/1). medium to coarse grained: and gravel. scattered
shell fragments <lcm O.36

Sand. medium to coarse grained O.03

Sand. gray (5Y 5/1). fine to very fine grained: widely scattered
shell fragments up to 1cm: gathering of shell fragments including
3cm Ensis this interval at 1.14m 1.36

COREC42

Sand. very dark gray (2.5Y 3/1). very fine grained: micaceous O.13

Sand. coarse grained: and gravel: shell fragments up to 1cm O.02

Sand. medium to fine grained O.O5

Dark gray (2.5Y 4/1): interlaminations of medium to fine grained
sand and silty clay laminations up to 2cm thick O.28

Sand. coarse grained: shelly: shell fragments up to 2cm O.09

Sand. dark gray (2.5Y 4/1). fine grained: micaceous: scattered shell
fragments: silty sand layer this interval at O.15m 1.00

Sand. medium to fine grained: micaceous O.48
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Sand. dark gray (SY 4/1). medium to fine grained: micaceous: shell
fragments up to 2cm O.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
O.OO-O.40m: clayey sand at O.40-0.70m: silty sand at O.70-0.81m O.81

Sand. very fine grained: silty: clayey: variable amounts of silty clay
along the core..no laminations pattern. looks 10ke disturbed lenses
of sand. silt and clay: in this layer: silty clay layer at
O.OS-O.07m: gastropod at O.27m 1.S2

Clay. dark gray (SY 4/1). silty: pods and stringers of silty fine sand:
scattered shell fragments 1mmalong clay sand boundary: in this
interval: 3cm ov41 pebble at O.92m: becoming more sandy at 1.17m...1.38

Sand. gray (SYS/1). medium to fine grained: micaceous O.11

COREC43

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: mud pod
this interval at O.78-0.80m: layer of coarse shelly sand.
shell fragments up to 6cm at 1.24-1.30m 1.77

Sand. fine grained: widely scattered shell fragments: shell fragments
up to 3cm this interval at 1.48m 1.48

Sand. fine grained: inter1aminated with silty clay: laminations
up to 2cmthick 0.25

Sand. dark gray (2.SY 4/1). very fine grained: micaceous: with silty
sand and clay laminations up to 3cm 10ng 1.67

COREC44

Sand. dark gray (SY 4/1). fine to very fine grained: micaceous: shelly
layer 2cm thick this interval at O.23m 1.S6

Sand. coarse grained: shelly: fragments up to 8cm O.09

Sand. dark gray (SY 4/1). medium to fine grained: micaceous: abundant
shell fragments:she11 fragments up to Scm throughout: shelly sand
layers this interval at O.13-0.17m and 1.48-1.S2m and 1.73-1.79m:
abundance of bivalve shells this interval at 1.87-2.05m 2.35
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Sand. coarse grained: inter1aminated with silty clay: laminations up to 10cm
thick: coarse sand - color gray (SY 6/1): silty sand - color
gray (2.SY 5/1): piece of wood (sample taken) 6cm long this
interval at O.80m 1.15

Sand. dark gray (SY 4/1). medium to fine grained: widely scattered
shell fragments .0.09

COREC4S

Sand. fine to very fine grained: micaceous 0.02

Sand. coarse to medium grained: scattered shell fragments up to 1mm 0.08

Sand. fine to very fine grained: micaceous: scattered shell fragments...O.Os

Sand. very dark gray (2.SY 7/0). muddy: some shell fragments 0.10

Clay. dark gray (SY 4/1). silty: with laminations of shell hash
and silty sand up to 2cm thick 1.20

Clay. silty: laminations of muddysand up to 3cm 0.1s

Sand. dark gray (SY 4/1). medium grained: scattered shell fragments 0.61

Sand. coarse grained: shell fragments up to 7cm. gastropod and biva1ve..0.1s

Sand. dark gray (SY 4/1). medium to fine grained: scattered shell
fragments: silty clay 1ense up to 2mmthis interval at 0.s9m 1.14

Sand. coarse grained: abundant shell fragments up to scm. biva1ves O.22

Sand. gray (SY5/1). mediumgrained: silty fine sand layer showing
more compaction this interval at 0.30-0.38m 0.49

COREC46

Sand. dark gray (SY 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 sand at 0.40-0.44m 0.76

Sand. coarse grained: shelly: silty clay: shell fragments up to 4cm 0.19

Clay. silty: scattered shell fragments 0.10
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Sand. silty: scattered shell fragments ! O.10

Sand. silty: with laminations of silty clay up to 2cm O.16

Sand. dark gray (5Y 4/1). medium grained: scattered shell fragments O.24

Sand. gray (5Y 5/1). medium grained: small amount of silt and clay:
scattered shell fragments: shell hash this interval at O.05-0.11m..O.34

Sand. gray (5Y 5/1). fine grained: interlaminated with silty clay:
laminations range from 2-10cm: shell hash with fine sand this
interval at O.32-0.36m 1.21

Clay. gray (5Y 5/1). silty: laminations of fine sand: laminations range
from 1-5cm: in this interval: coarse -sand layer at O.36-0.42m:
pod of coarse shelly sand at 1.38-1.42m: shell fragment 5cm
at 1. 60m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.68

Sand. coarse grained: shelly: fragments up to 4cm O.06

Sand. dark gray (5Y 4/1). mediumgrained: scattered shell fragments
<lmm .0.48

Sand. medium to fine grianed: with silty clay laminations up to 2cm O.16

Sand. coarse grained: abundant shell fragments: silty clay layer
this interval at O.03-0.05m O.28

Sand. medium to fine grained: scattered shell fragments about 1mm O.36

CORE C47

Sand. dark gray (5Y 4/1). fine to very fine grained: micaceous: silty
clay lamination this interval at O.40-0.43m O.56

Clay. dark gray (5Y 4/1). slightly silty: with laminations of coarse
sand and fine sand: laminations range from 1-5cm: several large
shell fragments up to 8cm this interval at O.99m 1.84

Sand. coarse grained: shelly: scattered shell fragments up to 5cm:
silty clay layer this interval at O.20-0.30m O.45

Sand. gray (5Y 5/1). medium to coarse grained: widely scattered
shell fragments up to 1mm: trace of subangular gravel O.70
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COREC48 RUN-I. RUN-2. RUN-3

Run-l
Sand. light olive brown (2.SY 4/4). mediumto coarse grained: scattered

shell fragments up to 2cm 0.82
Sand. olive gray (SY 4/2). fine to coarse grained: fewer scattered

shell fragments than above l.06

Run-2 jetted-l.92m: penetration-4.39m: 3.99m
Sand. light olive gray (SY 6/2). coarse to medium grained: with pods of

darker colored coarse to medium sand: trace of shell fragments
up to 2mm: in this interval: plastic plug at O.47-0.S7m: large
shell fragment Scm at 1.42m: layer of dark gray coarse to medium
grained sand. olive gray (SY 4/2) at I.S0-1.66m: and 1.70-2.02m 2.02

Sand. dark gray (SY 4/1). coarse to medium grained: scattered shell
fragments: pods of light brownish grey (2.SY 6/2) 1.00

Sand. fine to mediumgrained O.l3

Sand. dark gray (SY 4/1). coarse to mediun grained: pods of light
brownish gray (2.SY 6/2): layer of medium to fine sand this
interval at 0.2S-0.27m: fine sandy silt at 0.71-0.74m O.80

Run-3 jetted-4.24m: penetration-6.04m: recovery-l.22m
Sand. olive gray (SY 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 I.Scm grayish brown
(2.5Y 5/2) at 1.60m l.91

Sand. dark gray (SY 4/1). medium to fine grained: plastic plug this
interval at D.II-O.19m 0.27

COREC49

Sand. light olive gray (SY 6/2). medium to coarse grained: widely
scattered shell fragments O.S0

Sand. olive gray (SYS/2). mediumto coarse grained: widely scattered
shell fragments: in this interval: a pod of color light olive gray
(SY 6/2) at 0.20-0.2Sm: larger percentage of coarse sand near
bottom. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.11

Sand. dark gray (SY 4/1). coarse to medium grained: scattered shell
fragments up to lcm l.52

Silt. very clayey 0.02
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Sand. olive gray (SY S/2). fine to medium grained: scattered shell
fragments: gets finer toward bottom: shell fragments to 2.Scm O.86

Sand layers. dark gray (SY 4/1). fine grained and silty fine grained O.13

Clay. silty: pods of medium to coarse shelly sand: shell fragments
up to 3em. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0 . 21

Clay. gray (SY S/l). silty: pods of silty fine shelly sand O.22

Clay. silty: and shelly medium to fine grained sand in patches:
gravel in medium to fine grained sand: shells up to 3cm O.S6

Sand. fine to very fine grained: micaceous: widely scattered
shell fragments up to O.5cm O.61

CORE CSO

Silt. dark gray (SY 4/1): micaceous: with very fine sand and clay: pod
of fine sand this interval at O.42m: grading into below O.S4

Clay. s; 1ty; m;caceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.30

Sand. very dark gray (SY 3/1). patches of fine grained sand and clay
mottled: more sandy and less silty toward bottom O.29

Clay. gray (SY 5/1) .0.41

Clay. dark gray (2.SY 4/1). silty: well compacted O.46

Clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. . 07

Clay. dark gray (2.SY 4/1). silty: well compacted: scattered shell
fragments this interval at O.18m and O.S3m 1.S3

Clay. silty: compacted: shell concentrations this interval at O.S4m
and O.7Om.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 11

Clay. very dark gray (S~ 3/1). silty: fine sandy O.06

Shell hash. dark gray (SY 4/1). in clay matrix O.39
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	-----41CHARACTERISTICSOFCORES.continuedCORESANDLENGTHDRY%%%PHIWT%SAMPLENAME(CM)SAMPLEWTSANDMUDGRAVELMEANTHM-----------------------------------------------------------C10-1147480857.940.61.52.473.22C10-2160831869.829.40.83.064.07C10-3139619579.719.60.73.084.98C10-4143581558.940.60.53.184.53C11-1118564188.45.56.2*1.88Cll-2114490094.54.70.9*1.81Cl1-3159591937.962.00.03.203.53Cll-4157445556.343.70.03.203.08C12-1155674689.510.20.32.935.62C12-2142547460.739.30.03.155.32C12-3126280176.024.00.03.199.12C12-412357138
	42CHARACTERISTICSOFCORES.continuedCORESANDLENGTHDRY%%%PHIWT%SAMPLENAME(CM)SAMPLEWTSANDMUDGRAVELMEANTHM-----------------------------------------------------------C23-2151736847.852.20.0*1.43C23-3155750576.419.04.6*1.59C23-4155856386.95.87.3*0.95C24-11605552.89.23.96.9*1.05C24-2155735493.36.40.4*1.49C25-1155711157.734.57.8*0.41C25-2136607280.816.52.7*1.39C25-3137788770.720.48.9*1.77C26-1171891092.47.10.52.393.53C26-2173689857.041.31.8*2.60C26-3164709324.372.82.93.255.11C27-1173597344.752.82.5*2.28C27-31837626
	43CHARACTERISTICSOFCORES.continuedCORESANDLENGTHDRY%%%PHIWT%SAMPLENAME(CM)SAMPLEWTSANDMUDGRAVELMEANTHM-----------------------------------------------------------C37-3150788184.615.30.12.422.16C38-1156762584.714.90.5*1.99C38-2154523239.550.310.2*2.32C39-1181864291.78.20.13.094.40C39-21821101687.310.12.62.454.13C39-3180680588.39.81.92.512.60C40-1145596591.48.40.13.134.56C40-2153594283.915.20.92.824.18C40-3148491689.010.90.12.672.75C41-1136573391.08.50.63.073.86C41-2127443562.034.83.2*1.83C41-3139614896.63.40.
	CHARACTERISTICSOFCORES.continuedCORELENGTHDRY%SAMPLENAME(CM)SAMPLEWTSANDSAND%%PHIMUDGRAVELMEANWT%THM---------442.532.871.669.120.41WB063-3153566778.821.10.1*SUM2232476AVERAGE7698.1979.0718.991.942.67STD3407.2818.3017.964.430.54MAXVALUE19666.4699.1383.3649.363.40MINVALUE1948.0016.580.300.001.11
	B.CHARACTERISTICSOFGRABSAMPLES45----DRYWTXSAMPLENAMESAMPLEWTTHM-----------------------------151397.28287076.08336815.29442249.30552197.62657542.29748192.10873721.67968651.741045507.681171281.531224368.131323233.011453995.511535515.942217604.532318921.992422263.782530255.642733690.73289152.692920164.333039677.003119863.033232918.063321605.123421357.703524437.123672429.073948738.354040375.254149408.6242480711.064369022.944448714.124530582.354650086.804754406.184874579.394941476.32
	46CHARACTERISTICSOFGRABS.continuedDRYWT';SAMPLENAMESAMPLEWTTHM-----------------------------5052216.305173106.495267585.905344217.7954833214.665557057.875644457.955751977.795845215.4459422511.026032684.516143546.086260372.936353523.656449695.326579571.536644516.796792472.556877371.146939840.837080170.657152091.197258581.947336824.927432654.407563090.557694070.487736851.5178100061.047992300.148052244.748136074.398276521.318376930.708464500.5185574210.758654991.318748844.168841140.448940475.2289A73064.38901105
	CHARACTERISTICSOFGRABS.continuedDRYWT%SAMPLENAMESAMPLEWTTHM---------939495969798100101629180217902654265027250539547600.970.820.420.791.126.254.483.4747SANDDRY%%%PHIwnSAMPLENAMESAMPLEWTSANDMUDGRAVELMEANTHM--------------------------------------------------STA054507497.12.80.12.205.12STA055580698.01.40.6*0.50STA056603498.31.40.3*0.83STA093663594.15.90.02.805.64STA094632396.83.00.22.477.4551-119715****.0.7951-214692****0.0951-319892****0.0851-417330****9.99SUM583373AVERAGE583396.82.90.32.494.43STD32101.71.80.2
	EXPLANATIONOFMINERALCOMPOSITIONDATAforAppendicesIII.IV.andV"Pomeansseveralgrainsofthemineralwereobserved:thatis.themineralwaspresentinthesample.Mineralnamesnotspelledcompletelyincolumnheadinghavebeenabbreviatedasfollows:IL=ilmenite.MAG=magnetite.GAR=garnet.EP=epidote.STAUR=staurolite.PYROBOLE=pyroxeneandamphibolemineralscombined.SILL/KY=sillimaniteandkyanite.TOUR=tourmaline.LEUCOX=leucoxene."ECON"isthesumoftheweightpercentsofilmenite.rutile.leucoxene.sillimanite/kyanite.monaziteandzircon."RHM"isrecoveredhea
	49APPENDIXIIIA.COMPOSITIONOFCORESAMPLESWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------BO1-19.3614.3015.019.420.2832.84BOl-27.0614.7020.428.844.3338.31B02-15.4419.9625.415.873.3735.94B02-25.4020.0915.998.140.2134.58B03-14.7016.7111.3711.910.1035.04B03-27.0113.6918.719.060.2534.33B03-34.9515.2314.387.080.3932.58B04-15.2512.6014.808.100.5632.72B05-14.8321.0317.068.376.1437.23B05-25.0525.5412.427.514.8634.11H01-13.1529.8922.028.102.7732.21HOl-29.261
	50COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------Vl-31.4445.722.5412.813.8129.98Vl-41.6856.226.296.121.8628.88V2-14.0723.8515.247.400.9533.76V2-23.0945.229.769.110.6328.86V2-30.5137.1614.7315.081.9528.81V2-41.6850.094.827.510.8530.02V4-15.7223.8312.954.961.2336.09V4-20.8538.309.629.922.4832.46V4-32.2132.3810.9617.141.3529.97V4-42.2145.168.8713.371.1729.71V3-12.3432.5112.717.182.5233.54V3-20.8136.213.3715.102.592
	51COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------1103-312.0721.5018.017.390.6636.491106-13.7837.7022.827.690.0531.941106-24.6729.3620.277.101.1938.591107-14.0030.7617.186.551.0337.211107-25.0719.6719.916.980.6037.121109-17.2722.7015.9410.860.8837.541111-112.5224.4317.486.260.1335.321111-210.9829.7419.426.080.2533.391116-113.4525.3615.215.660.4632.821116-29.7327.6417.186.120.5131.311119-14.8921.8720.147.070.8432.
	52COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------116-31.3835.9213.5010.102.7029.68116-40.3736.3913.976.342.3731.58116-50.2331.2415.217.602.0431.43117-10.2929.8615.125.093.1733.32117-20.0727.7230.704.543.1332.07117-30.0928.3227.005.092.6830.95117-40.1422.8023.076.553.7630.85C1-10.2929.9422.575.353.5210.75Cl-20.6717.4415.465.547.7233.54Cl-30.6517.0820.915.941.8030.95Cl-40.7015.8715.134.821.8639.82C2-14.2127.1323.9
	53COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------C10-414.36.6.7012.145.851.3924.97C11-11.4917.7914.145.103.6435.86Cl1-20.8015.447.873.614.7845.26Cll-38.4914.9020.002.620.2619.48Cl1-47.3719.7314.556.590.2217.91-C12-111.2015.5326.4615.501.4517.67C12-220.329.6313.3711.551.8519.86C12-323.3614.7616.845.821.3415.49C12-425.368.1419.829.503.3312.12C13-16.0315.2619.2610.777.7921.77C13-27.0011.4417.049.571.1528.93C13-37.0
	54COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------C23-31.9124.3414.145.742.5433.14C23-40.4924.0311.684.582.9127.96C24-11.7028.9213.417.112.1725.15C24-24.6824.9712.048.416.9019.96C25-10.4335.227.859.903.3019.44C25-20.8435.878.308.092.8416.51C25-30.5327.6113.348.572.8418.55C26-14.3733.396.5912.522.6018.97C26-26.9519.7610.477.672.1124.98C26-317.178.4713.416.822.7525.90C27-15.0718.698.7110.831.7631.11C27-30.6944.4310
	55COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------C37-20.6926.9316.738.682.7922.79C37-31.8830.5511.433.803.8725.74C38-16.9814.1712.686.712.5335.29C38-20.9219.7516.999.743.3115.77C39-19.7718.7416.534.000.8131.43C39-21.3721.3615.728.910.1337.79C39-31.3029.2618.634.062.1829.39C40-110.5519.2316.0710.104.6619.00C40-23.8422.9611.154.801.8434.39C40-31.2025.7414.876.611.5631.43C41-18.9619.9219.9213.253.4714.19C41-22.7020
	56COMPOSITIONOFCORESAMPLES.continued-WT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------C50-12.0320.404.284.462.946.43WB063-10.2439.204.7417.243.7318.50WB063-20.6740.784.7010.522.6116.21WB063-32.0135.642.6415.712.2615.29AVG6.0324.0114.428.102.2828.17STDDEV5.3710.714.953.141.957.57MAXVALUE27.5860.3331.9424.359.4349.39MINVALUE0.073.282.011.600.006.43
	-.--57COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------B01-10.970.850.570.570.78.pBOl-20.591.011.750.250.580.12B02-11.041.661.540.190.250.46B02-20.640.550.570.281.860.15B03-10.560.730.591.090.860.05803-20.701.200.400.720.700.04B03-31.681.060.721.291.70P804-10.940.500.000.330.74PB05-10.653.310.920.180.540.51B05-21.813.011.850.400.700.99H01-10.753.121.140.271.801.15HOl-21.250.240.141.160.430.06HOl-32
	58COMPOSITIONOFCORESAMPLES.continued.WT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------Vl-21.932.200.320.731.900.36Vl-31.373.020.170.062.170.33Vl-41.690.760.050.983.310.29V2-10.691.580.410.521.180.15V2-22.250.750.180.281.770.04V2-31.253.810.210.341.800.29V2-41.620.840.590.161.420.05V4-10.500.800.390.621.700.08V4-22.091.430.770.101.860.04V4-31.591.890.220.852.610.11V4-42.081.430.250.353.020.09V3-11.371.850.180.465.390.10V3-21.893.830

	59COMPOSITIONOFCORES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE-------------------------------------------------------------1100-21.251.850.100.090.830.011103-10.640.610.270.301.230.011103-21.361.180.240.443.12P1103-31.210.850.040.551.310.111106-10.810.680.280.320.770.091106-20.850.360.240.200.43P1107-10.660.770.470.550.790.121107-21.430.750.490.351.170.191109-10.470.220.370.740.96P1111-11.190.460.230.230.820.031111-20.910.000.320.970.710.031116-10.960.500.620.110.750.101116
	59COMPOSITIONOFCORES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE-------------------------------------------------------------1100-21.251.850.100.090.830.011103-10.640.610.270.301.230.011103-21.361.180.240.443.12P1103-31.210.850.040.551.310.111106-10.810.680.280.320.770.091106-20.850.360.240.200.43P1107-10.660.770.470.550.790.121107-21.430.750.490.351.170.191109-10.470.220.370.740.96P1111-11.190.460.230.230.820.031111-20.910.000.320.970.710.031116-10.960.500.620.110.750.101116
	60COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------110-31.151.450.930.471.210.10115-11.521.190.911.001.030.11116-11.692.370.560.082.160.15116-22.051.780.350.542.660.10116-31.442.050.530.541.98P116-41.951.651.450.171.550.14116-53.151.950.620.312.520.23117-11.381.250.560.611.760.06117-21.701.650.881.341.080.10117-31.061.461.06P0.920.16117-41.261.570.69P1.350.06C1-10.683.150.024.573.980.02Cl-21.483.37
	61COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILLIKYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------C9-31.962.440.092.571.160.03C10-11.922.050.381.910.890.04C10-21.433.270.272.270.71PC10-31.534.520.391.301.340.00C10-41.873.640.420.701.860.00C11-11.073.080.261.022.810.07Cll-22.015.830.810.533.14PCll-30.702.910.002.130.60PCll-41.345.56P1.150.620.02C12-10.451.440.102.051.25PC12-21.532.890.080.360.68PC12-31.173.720.200.741.170.00C12-41.363.150.080.63
	62COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------C22-41..374.240.360.843.060.05C23-20.711.63P0.632.61PC23-31.361.830.101.041.810.06C23-41.061.790.981.093.23PC24-12.303.430.050.794.040.05C24-22.034.100.412.184.08PC25-12.673.730.521.813.84PC25-21.722.47P0.643.41PC25-31.133.180.610.382.12PC26-11.832.250.152.373.590.03C26-22.553.580.001.322.03PC26-32.682.760.371.761.36PC27-10.942.700.070.261.44PC27-3
	63COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------C37-21.802.500.161.881.28PC37-32.462.361.400.322.640.04C38-11.442.270.640.721.230.05C38-21.404.200.251.671.59Pt39-11.751.66P0.721.23PC39-21.332.240.310.990.54P.C39-32.052.890.820.341.030.04C40-11.272.570.111.801.56PC40-22.123.080.600.563.250.02C40-31.522.410.411.642.81PC41-11.603.850.111.091.170.00C41-22.056.150.161.552.87PC41-32.022.321.061.212.53
	64COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUT!LESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------WB063-20.592.750.291.554.15PWB063-31.102.651.131.805.710.04AVG1.402.170.391.051.730.08STDDEV0.551.320.390.931.210.21MAXVALUE3.156.152.524.687.872.47MINVALUE0.000.000.000.000.000.00
	65COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM---------------------------------------------------801-11.4618.8618.362.953.91801-22.3613.3219.352.172.88802-13.9311.5227.302.312.42802-21.5814.4124.883.733.88803-11.5615.5520.462.853.20803-23.6613.4119.992.593.33803-33.3126.0822.982.523.26804-11.6323.8116.411.872.53805-13.9610.8830.001.481.86805-24.7712.4336.821.121.82H01-13.1011.0439.813.573.86HOl-22.7319.0921.914.225.10HOl-37.6029.9132.235.135.48H02-12.4627.8822.511.532.32H
	66COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM---------------------------------------------------Vl-22.824.3259.920.590.82Vl-32.746.4155.340.340.61Vl-43.807.8166.080.430.83V2-12.2113.3129.640.932.72V2-26.1610.2256.190.361.67V2-32.976.3847.270.473.90V2-43.6615.1057.680.792.12V4-13.0612.3629.980.711.77V4-22.018.0445.730.731.06V4-32.408.2540.980.571.39V4-43.097.7154.870.721.35V3-13.6310.4344.860.591.42V3-23.119.2046.150.270.50V5-14.2618.6025.710.881.95V5-33.604.8753.420.851.
	67COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM---------------------------------------------------1100-13.2011.6030.510.652.641100-23.998.3152.970.732.511103-11.908.8743.021.221.801103-22.7411.3548.900.31.1.621103-34.449.3429.410.381.741106-12.326.4842.371.413.591106-21.709.1432.690.862.631107-12.599.9935.700.684.351107-22.019.7425.220.601.831109-11.2713.0725.620.973.081111-13.889.4230.810.582.761111-22.7211.0334.110.603.201116-12.6912.4030.361.194.391116-23.9312.8934.521.
	68COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------110-22.1911.4624.071.192.21110-31.3510.4925.511.071.41115-12.1010.9433.970.250.74116-14.013.5241.870.450.58116-22.7310.8940.970.190.54116-33.467.2044.851.552.17116-44.028.8645.700.710.92116-53.317.3142.411.361.66117-12.508.2636.811.151.26117-22.045.7534.291.373.87117-31.866.2233.772.623.95117-41.764.4828.811.912.84Cl-l4.2410.9242.011.722.18CI-22.896.2526.622.423.18CI-30.4115.
	69COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------C9-22.935.8929.841.503.84C9-35.1713.9531.381.563.16C10-14.805.2835.980.763.22C10-24.107.7819.401.074.07C10-36.4716.2023.351.144.98C10-47.8518.2621.910.754.53C11-14.619.0629.421.511.88C11-22.457.4628.881.641.81Cll-36.6421.2725.740.733.53Cll-48.5516.4035.820.873.08C12-12.054.8420.723.055.62C12-24.2113.6918.931.755.32C12-37.338.0828.153.289.12C12-45.6110.3918.772.597.40C13-13.39
	70COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------C22-33.517.4632.561.852.38C22-42.617.3336.320.871.22C23-24.097.5930.280.891.43C23-33.828.1733.221.471.59C23-43.4216.7733.540.840.96C24-13.087.8341.800.831.05C24-22.867.3738.051.161.49C25-17.423.8652.880.230.41C25-24.0115.3047.480.381.39C25-32.3918.7536.430.571.77C26-14.297.0345.391.873.53C26-26.3512.2234.270.952.60C26-35.6510.9120.920.495.11C27-14.4413.9728.210.402.28C27-33.9
	71COMPOSITIONOFCORESAMPLES.continuedJT%JT%JT%WT%H%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------C36-37.074.5253.780.730.86C36-44.727.5439.970.720.80C37-15.629.6626.060.914.40C37-23.5410.2336.051.522.22C37-33.789.7241.831.342.16C38-14.8710.4224.030.461.99C38-23.1621.2630.090.292.32C39-15.367.9928.750.904.40C39-23.465.8728.921.094.13C39-33.1'24.9038.381.092.60C40-14.328.7428.950.794.56C40-24.436.9735.851.194.18C40-34.485.3336.961.422.75C41-14.707.7631.240.953.85C41-24.5116
	72COMPOSITIONOFCORESAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------C49-23.736.2644.250.610.82C49-32.709.1034.390.861.66C49-43.3811.0630.850.814.14C50-13.7048.1030.630.322.66WB063-14.225.1950.251.492.07WB063-25.309.8853.561.182.13WB063-35.118.9050.251.192.53AVG3.8411.7233.221.192.87STO0EV1.505.7811.380.871.66MAXVALUE9.2248.1069.305.519.12MINVALUE0.411.7012.020.130.41284CORESAMPLES
	73APPENDIXIIICOMPOSITIONOFGRABSAMPLESWT%WT%WT%WT%WT%WT%SAMPLENAME'MAGILGAREPSTAURPYROBOLE-----------------------------------------------------------110.2016.7121.255.730.5334.0726.4231.9419.896.491.4332.23317.0519.0429.793.432.9032.0949.4221.4416.292.111.8134.6451.1324.1021.928.280.1731.5860.1922.8137.362.709.0431.2274.6518.9016.356.971.3034.6680.2334.4222.651.597.4934.5890.5125.5620.052.005.2432.46100.5025.1026.237.31P31.73110.0831.4334.830.472.9832.17123.0025.0221.196.510.9129.23132.6020.2122.315.130.4932
	74COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------503.6418.9819.467.240.9436.615110.6621.3917.073.820.9333.865211.6525.3918.993.490.0931.685312.0819.3917.174.741.8246.675411.0828.9820.443.050.0531.345512.9713.0821.565.070.0233.695610.59.22.4413.154.202.5941.925716.1824.9817.693.360.4638.855811.0522.6020.131.571.5735.05594.4834.9419.553.93P32.05606.5524.6319.893.111.3441.61616.8523.8616.810.720.4044.41628.8123.091
	75----COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMEMAGILGAREPSTAURPYROBOLE-----------------------------------------------------------910.8549.529.567.001.1029.59930.5930.4218.2410.333.4433.26940.4936.0011.529.565.7133.83950.5218.8714.1114.014.6535.21960.3543.0512.7510.157.4430.30970.8939.3511.845.812.4334.32980.2741.3411.828.882.1931.611002.1742.0412.759.370.8029.961015.8723.5015.447.950.2538.26STA0541.5132.8815.397.074.2716.24STA0551.1223.9017.648.386.8416.07STA0560.3530.9716.6210.165.7412
	76COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------10.270.320.200.010.430.0720.771.140.380.801.030.4230.770.370.340.040.940.0541.411.401.160.652.990.22.50.920.100.260.221.730.1360.550.760.72P1.150.5770.520.390.400.480.790.0480.820.861.03P1.530.4190.590.940.521.090.970.28100.360.180.150.170.890.11111.620.390.310.261.961.70120.880.190.470.911.610.04130.790.280.920.550.970.19140.941.911.12P2.890.82151
	77COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILLIKYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------501.091.411.040.631.170.67511.300.340.161.011.320.23520.660.180.251.491.320.28530.761.120.890.550.800.11541.070.360.280.010.190.37551.040.960.340.641.080.05561.390.360.361.730.910.39570.750.220.251.091.330.05581.010.180.080.380.440.08591.530.870.050.140.630.08600.540.811.261.001.140.01611.320.130.420.810.99P621.090.540.210.851.25P631.260.560.160.37
	78COMPOSITIONOFGRABSAMPLES.continuedJT%WT%WT%WT%WT%WT%SAMPLENAMERUTILESILL/KYSPHENETOURMLEUCOXMONAZITE------------------------------------------------------------910.931.15.0.120.392.600.22931.501.190.000.522.930.73941.882.320.001.081.870.56950.873.510.041.412.140.67961.592.070.260.551.651.80971.570.830.040.311.350.10981.691.650.000.091.950.671002.020.710.040.070.990.041010.880.550.180.611.240.03STA0542.483.470.241.542.68PSTA0552.146.130.422.952.46PSTA0561.984.470.313.011.23PSTA0931.244.260.041.341.92PSTA09
	-..-----.-------.---79COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------11.5612.3919.366.867.2822.6214.6237.924.256.0831.3011.0322.474.215.2943.3116.4430.765.189.3054.2411.0031.215.537.6261.297.5227.131.722.2973.0012.1823.640.412.1082.125.5840.161.021.6791.4911.0429.831.661.74100.626.9427.266.537.68112.455.0439.551.311.53123.1616.5230.914.358.13131.9117.1824.351.313.01141.627.3636.904.175.51155.3715.0044.700.345.94221.8712.043
	80COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------513.4911.8528.062.65.6.49523.8612.3131.681.925.90531.1514.2023.324.307.79544.929.7435.897.0214.66553.0911.8419.314.147.87563.838.3629.334.047.95573.3413.0430.673.487.79582.0115.3826.332.185.44594.309.8342.366.7411.02601.8717.0729.001.124.51613.4819.1629.790.876.08621.3516.2827.331.342.93633.3315.4020.491.783.65643.4411.2515.982.845.32652.1511.9533.521.221.53663.5618.9328.214.
	81COMPOSITIONOFGRABSAMPLES.continuedWT%WT%WT%WT%WT%SAMPLENAMEZIRCONOTHERECONRHMTHM----------------------------------------------------932.906.3839.660.810.97941.637.2944.250.680.82951.586.4727.640.380.42963.954.1354.11.0.460.79973.0718.9546.260.371.12983.5112.6050.820.516.251003.6813.4649.472.234.481012.0414.2428.240.203.47STA0544.807.4346.314.415.12STA0551.8510.0836.490.390.50STA0562.989.5841.630.580.83STA0934.0710.7635.203.235.64STA0943.269.0633.115.237.4551-12.8910.1038.200.680.7951-23.177.7948.430.070.0
	APPENDIXIV390SAMPLES(106GRAB.284CORE)82Composition(withrespecttoconcentrate)statisticsforallsamplesWT%WT%WT%WT%WT%WT%MAGILGAREPSTAURPYROBOLE---------------------------------------------------------------AVERAGE5.6025.1714.997.562.2929.27STD5.1410.645.153.252.027.48MAXVALUE27.5860.3337.3624.3511.7849.39MINVALUE0.073.282.010.470.006.43GARNAR'SVALUESNONE45.0015.0015.0020.00NONEGIVENGIVENWT%WT%WT%WT%WT%WT%RUTILESILL/KYSPHENETOURMLEUCOXMONAZITE----------------------------------------------------------------AVERA
	83APPENDIXVSELECTEDMINERALCOMPOSITIONWITHRESPECTTOTHEENTIRESAMPLEUnderlinedsampleshaveconcentrationsofoneormoreECONmineralsequaltoorgreaterthanGarnar1svalues(usingTHM=5%).Seetextforexplanation."<0.01"meanslessthan0.01%."*"meansdatanotavailable.WT%WT%wn;wn;wn;WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------B01-13.910.560.040.03<0.010.06BOl-22.880.420.020.02<0.010.07B02-12.420.480.030.010.010.10B02-23.880.780.030.070.010.06B03-13.200.530.020.03<0.010.
	84AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON----------------------------------------------------------------H14-21.490.140.03<0.010.020.05V1-11.170.230.020.01<0.010.04Vl-20.820.420.020.02<0.010.02Vl-30.610.280.010.01<0.010.02Vl-40.830.460.010.03<0.010.03V2-12.720.650.020.03<0.010.06V2-21.670.760.040.03<0.010.10V2-33.901.450.050.070.010.12V2-42.121.060.030.03<0.010.08V4-11.770.420.010.03<0.010.05V4-21.060.410.020.02<0.010.02V4-31.390.450.020.04<0.010.03V4-41.350.610.030.04
	85AppendixV.continuedWT%WT%WT%WUWUWT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------307.002.100.060.060.030.20313.030.590.030.030.010.06328.062.260.070.070.030.13335.123.010.040.030.010.21347.701.400.080.150.030.15357.122.530.060.010.070.12369.072.210.010.120.070.19398.352.890.060.15<0.010.12405.252.330.000.000.040.23418.622.140.010.260.010.264211.062.370.070.060.040.56432.940.490.020.030.010.10444.120.820.040.030.010.13452.350.460.020.01<.000.04466.8
	86AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------744.400.930.050.05<0.010.11750.550.160.010.01<0.010.02760.480.150.010.01<0.000.02771.510.470.020.04<0.010.04781.040.390.020.03<0.010.03790.140.03<0.010.01<0.01<0.01804.741.810.040.090.010.18814.391.080.070.06<0.010.15821.310.620.040.040.010.04830.700.310.020.01<0.010.01840.510.190.010.02<0.010.018510.755.900.260.190.010.41861.310.430.030.04<0.010.04874.161.780.100.10
	87AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------1098-11.780.890.020.04<0.010.021098-20.580.350.010.01<0.010.021099-11.180.400.020.02<0.010.051099-21.780.910.030.02<0.010.051100-12.640.650.020.03<0.010.081100-22.511.130.030.02<0.010.101103-11.800.700.010.02<0.010.031103-21.620.650.020.05<0.010.041103-31.740.370.020.02<0.010.081106-13.591.350.030.03<0.010.081106-22.630.770.020.01<0.010.041107-14.351.340.030.030.010.
	88AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZHEZIRCON---------------------------------------------------------------110-12.600.840.040.01<0.010.14110-22.210.410.030.02<0.010.05110-31.410.290.020.02<0.010.02115-10.740.210.010.01<0.010.02116-1.0.580.180.010.01<0.010.02116-20.540.170.010.01<0.010.01116-32.170.780.030.04<0.010.08116-4.0.920.330.020.01<0.010.04116-51.660.520.050.04<0.010.05117-11.260.380.020.02<0.010.03117-23.871.070.070.04<0.010.08117-33.951.120.040.040.010.07117-42.84
	89AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZHEZIRCON---------------------------------------------------------------C9-23.840.840.050.040.000.11C9-33.160.650.060.04<0.010.16C10-13.220.850.060.03<0.010.15C10-24.070.400.060.03<0.010.17C10-34.980.470.080.070.000.32C10-44.530.300.080.080.000.36C11-11.880.330.020.05<0.010.09Cll-21.810.280.040.06<0.010.04C11-33.530.530.020.02<0.010.23Cll-43.080.610.040.02<0.010.26C12-15.620.870.030.07<0.010.12C12-25.320.510.080.04<0.010.22C12-39.121.350.
	90AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------C22-41.220.310.020.04<0.010.03C23-21.430.300.010.04<0.010.06C23-31.590.390.020.03<0.010.06C23-40.950.230.010.03<0.010.03C24-11.050.309.020.04<0.010.03C24-21.490.370.030.06<0.010.04C25-10.410.150.010.02<0.010.03C25-21.390.50.0.020.05<0.010.06C25-31.770.490.020.04<0.010.04C26-13.531.180.060.13<0.010.15C26-22.600.510.070.05<0.010.17C26-35.110.430.140.07<0.010.29C27-12.2
	91AppendixV.continuedWT%WT%WT%WT%WT%WT%SAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------C37-32.160.660.050.06<0.010.08C38-11.990.280.030.02<0.010.10C38-22.320.460.030.04<0.010.07C39-14.400.830.080.05<0.010.24C39-24.130.880.050.02<0.010.14C39-32.600.760.050.03<0.010.08C40-14.560.880.060.07<0.010.20C4.0-24.180.960.090.14<0.010.19C40-32.750.710.040.08<0.010.12C41-13.860.770.060.040.000.18C41-21.830.380.040.05<0.010.08C41-32.650.680.050.07<0.010.12C42-13.56
	92AppendixV.continuedWTXWTXWTXWTXWTXWTXSAMPLENAMETHMILRUTILELEUCOXMONAZITEZIRCON---------------------------------------------------------------STA0545.121.690.130.14<0.010.25STA0550.500.120.010.01<0.010.01STA0560.830.260.020.01<0.010.02STA0935.641.340.070.11<0.010.23STA0947.451.700.120.10<0..010.2451-10.790.170.010.04<0.010.0251-20.090.03<0.010.01<0.01<0.0151-30.080.02<0.01<0.01<0.01<0.0151-49.994.280.230.300.010.40AVERAGE0.780.040.050.000.12STn0.680.030.040.010.10MAXVALUE5.900.260.300.080.72MINVALUE0.020.0
	APPENDIXVISamplesaresortedbydecreasingabundance(withrespecttothetotalsample)ofselectedminerals.OnlythosesampleswithvaluesequaltoorgreaterthanGarnar'svaluesarelisted(ilmenite.2.25%;leucoxene.0.25%;rutile.0.1%;monazite.0.05%;zircon.0.25%:basedonTHM=5%)..sample%ILsample%RUTILE---------------------------------855.90850.2651-44.2851-40.23544.25590.17593.851134-10.16333.01540.161134-12.99HOl-30.15482.89C26-30.14392.8940.131136-12.59STA0540.13982.59C14-30.13352.536-30.12422.37C17-50.12402.33STA0940.12322.2656O.11C
	C12-34259HOI-3C12-4851134-151-4CI0-41132-1485CI0-3151136-1456C44-1C26-3C8-2C17-2C29-1C43-3C14-3CII-4574112C32-3C14-446C3-3C37-1STA0541134-20.670.560.470.420.420.410.410.400.360.350.340.320.320.320.310.310.300.290.290.270.270.270.270.270.260.260.260.260.260.250.250.250.250.250.2594
	APPENDIXVIICOREDESCRIPTIONSThefollowing39coreswereprovidedbyA.E.GroszoftheU.S.GeologicalSurvey.TheyweretakenbytheU.S.ArmyCorpsofEngineersCoastalEngineeringResearchCenter(CERC)andusedby.Meisburger.1972.TheyarearrangedbytheCERCnumbers.soacross-referencetotheUSGS-assignednumberisprovided.\{'"'\95----USGSNUMBERCERCNUMBERUSGSNUMBERCERCNUMBER/11070-1111-12VI15·591116.....-9116.581119v54-117D731120..-39-"1090/51121-"40'1091"'43-1122,,201092.331127291093.4-1129"251094.146-1130'261095...47.-1131/f91096"'481132""'281
	USGSCORE2000(CERC#2)Silt.gray(5Y6/1).clayey:somesand.veryfinegrained:oystershellattopofcore6.30USGSCORE2001(CERC#3)Emptyplasticlinerlabeled3A2.00Silt.lightolivegray(5Y6/2):sandy.veryfinegrained:massivelybedded:scatteredshellfragmentsattopandbottomofcore:sand.finetomediumgrained.laminaethruoutcore(1-3cmthick):labeled381.34USGS1093(CERC#4)Silt.lightolivegray(5Y6/2):clayey:sandy.finegrained:massivelybedded...............................................~.............3.01USGS1090(CERC#5)Sand.grayishbrown(2.5Y5/2
	USGS1109(CERC#l1(B»NOTE:Notthetopofthecore-onlyofsectionBSand.lightolivegray(5Y6/2).finegrained.micaceous;massivelybedded;shellfragmentscommon2.38USGS1111(CERC#12)Sand.lightbrownishgray(2.5Y6/2).finegrained;massivelybedded;scatteredshellfragmentscommon2.00Sand.lightbrownishgray(2.5Y6/2).finegrained;massivelybedded;shellfragmentscommon;asmallsandymudpod;from0.8to1.10minthisintervalisahigherconcentrationofshellfragmentsl.34USGS1139(CERC#16)Sand.lightgray(2.5Y7/2).finetomediumgrained;massivelybedded;withsmalls
	USGS1129(CERC'25)Sand.lightbrownishgray(2.5Y6/2).finegrained:massivelybedded:sparseshellfragments1.93Sand.coarsegrained:withshellfragments0.18Sand.grayishbrown(2.5Y5/2).finegrained:mass1velybedded0.24Clayandsilt.lightyellowbrown(2.5Y6/4)0.12Sand.grayishbrown(2.5Y5/2)finegrained:massivelybedded0.43USGS1130(CERC'26)Sand.lightolivegray(5Y6/2).micaceous.finegrained:massivelybedded:withshellfragments1.45Silt.lightbrownishgray(2.5Y6/2).slightlyclayey:lensesofsand.finegrained!.08USGS1132(CERC'28)Sand.lightolivegra
	Silt.lightolivegray(SY6/2)sandy.finegrained:massivelybedded...0.70Sand.lightolivegray(SY6/2).mediumtocoarsegrained:andgravel...0.27USGS2002(CERC#31)Sand.lightolivegray(SY6/2).finetoveryfinegrained:massivelybedded:shelllayerat0.26-0.30m.shellsupto3cmdiameter0.30Sandgray(SY6/1).finetoveryfinegrained:shellfragmentscommon:Ensisfragmentinthisintervalat0.63m1.47Siltandsand.gray(SY6/1).veryfinegrained:massivelybeddedshellfragmentsrarel.62USGS1092(CERC#33)(#33a.33bCapeHenry8/21/68)Sand.lightyellowishbrown(2.SY6/4).
	ThicknessMetersSand.yellowishbrown(10YRS/8).coarsegrained:andgravel:massivelybedded:highconcentrationofgravelinthisintervalat.10-.2Smandagainat.6S-.9Sm1.21Sand.yellowishbrown(10YRS/8).coarsegrained:andgravel:andpebbles:ironstaining:micaceo:gradesintobelow0.68Sand.lightolivegray(SY6/2>'mediumgrained:gradesintobelow0.16Silt.lightyellowishbrown(10YR6/4):sandy.fine-grained:clayey:micaceous..........................................................1.06Silt.lightyellowishbrown(10YR6/4):clayey:sandy.finegrained:she
	Sand.olivegray(5Y5/2).finegrained:silt:andclay:shell.fragments:corehighlydisturbed0.95Sand.olivegray(5Y5/2).coarsegrained:silt:andgravel:fewshellfragments:corehighlydisturbed0.60Sand.gray(5Y5/1).finetomediumgrained:gravel:smallamountofsiltandclay:scatteredshellfragments1.05Sand.gray(5Y5/1).finetoveryfinegrained:sparseshellfragments..1.80Sand.gray(5Y5/1).fineandmediumgrained:gravel0.35USGS1120(CERC#39)Sand.lightgray(2.5Y7/2).mediumtocoarsegrained:abundantshellfragments(upto2cm)includingEnsis.variousotherbiva
	Clay.silty~O.20NOTE:ironstainatbottomofcoreduetorustedcore-catcher.USGS1091(CERC#43)Sand.lightolivegray(SY6/2).finetoveryfinegrained;silty;micaceous;massivelybedded4.70USGS1094(CERC#46)CAPEHENRYSand.lightolivegray(SY6/2).finetoveryfinegrained;micaceousmassivelybedded;shellfragmentsrare;well-formedwormtubesinthisinterval;at0.2Sm.;somenon-identifiedfragmentscoal?..1.S8Sand.lightolivegray(SY6/2).finetoveryfinegrained;micaceous;massivelybedded:rareshellfragments:0.91Clay.lightolivegray(SY6/2):silty:massivelybed
	fragmentsthisintervalat1.S0-1.SSm~1.80Clay.lightgray(SY7/1);silty;withsomelaminationsO.SSSand.lightolivegray(SY6/2).fine.mediumandcoarsegrained;poorlysorted0.55Cobbles(6x3cm);gravel:coarsesand:poorlysorted0.17Silt.oliveyellow(2.SY6/6);sand:withclay:ironcolored1.68USGS1097(CERC#49)Sand.lightolivegray(SY6/2).finegrained;micaceous;massivelybedded;fewscatteredshellfragments;gradingtosand.medium-grained;micaceous;massivelybedded:gradingtosand.mediumwithsomecoarsegrained;micaceous;massivelybedded;gradingtosand.pa
	USGS1106(CERC#S3)Sand.lightolivegray(SY6/2).finegrained:micaceous:scatteredshellfragmentsincludingEnsis:massivelybedded2.96USGS1119(CERC#S4)Sand.'lightolivegray(SY6/2).mediumgrained:micaceous:scatteredshellfragments:massivelybedded:gradingintobelow0.70Sand.lightolivegray(SY6/2).finegrained:micaceous:scatteredshellfragments:concentratedshellfragmentsupto1.Scmandsomegravelinthisintervalat0.72-0.82m:massivelybedded:gradestobelow..2.70Sand.mediumgrained:micaceous:scatteredshellfragments:massivelybedded:gradingi
	(Pleisto-Yktn);massivelybedded.,.0.21Silt.lightbrownishgray(2.SY6/2);slightlyclayey;somesand.finegrained;smallamountofgravel;massivelybedded0.39Sand.lightbrownishgray(2.SY6/2).finegrained;silty;massivelybedd~d;gradingintobelow0.8SSand.finegrained;micaceous;massivelybedded;gradingintobelow0.13Sand.lightbrownishgray(2.SY6/2).mediumgrained;massivelybedded..0.33USGS2004(CERC#60)Silt.palebrown(10YR6/3);clayey;massivelybedded;gradestobelow..0.60Sand.lightbrownishgray(2.SY6/2).finegrained;silty;massivelybedded;gra
	(wellpreserved.mostlybivalves.somegastropodsandsanddo11arsupto1-2em)...............................................2.76Sand.lightolivegray(SY6/2).finetoveryfinegrained;micaceous;massivelybedded;scatteredshellfragments(clamandoystershellsto2cm);numerousshellfragmentsinthisintervalat1.16-1.32m:plantrootsatbottomofcore-possiblymoderncontamination1.90NOTE:probablytwodifferentcores-nomud-sandcontactfound(CERC0-S88)nomarkingstoshowtoporbottomofcore;Sand.lightgray(SY7/2).finetomediumsand:massivelybedded:she11fragm
	Sand.coarsegrained:andgravel:poorlysortedshells0.10Sand.paleyellow(SY7/3).finetomediumgrained:silty:micaceous:massivelybedded:shellfragments.well-preservedgastropods0.7SSand.gray(SY6/1).mediumgrained:abundantshellfragments:scatteredquartzgravel:massivelybedded1.0SUSGS11.0(CERC#70)Silt.paleyellow(SY7/3):clayey:massivelybedded0.70Sand.paleyellow(SY6/3).veryfinegrained:micaceous:massivelybedded1.65Sand.gray(SY6/1).veryfinegrained:silty~micaceous:massivelybedded0.95Silt.grayishbrown(2.SYS/2):sandy.veryfinegrain
	Thefollowing25coreswereacquiredduringthesummerof1986.COREHOITHICKNESSMETERSSand.lightbrownishgray(2.5Y6/2).finetomediumgrained;massive;shellfragmentsupto1.5cm;oystershellfragment2cm;spisula?1.5em.........................'.....................................1.80Sand.verydarkgray(5Y3/1).finetoveryfinegrained;slightlysilty;massive;shellfragments;inthisintervalshellfragmentsupto1.5cmbeginningat1.20m;wellpreservedshellspisula?3cmat1.65m;gastropodslcmlongbelow1.70ml.96COREH02Sand.coarsetomediumgrained;withclayba
	Sand.coarsegrained;massive;shellfragmentsupto1.Scm;gradingintobelow"0.09Sand.mediumgrained;massive;shellfragmentsseveralmm;gradingintobelow0.08Sand.finetocoarsegrained;shellfragmentsseveralmm;grading;nt0below0.08Sand.finetoveryfinegrained;massive;micaceous0.S1COREH04Sand.olivegray(SY4/2).finetoveryfinegrained;massive1.09Clay.plastic;massive;verywet0.09Sand.veryfinegrained;silty;massive0.1SC1ay.plastic;massive.0.24Sand.olivegray(SY4/2).finetoveryfinegrained;silty;massive;inthisinterval:shellfragmentsupto.8cm
	COREH06Sand.verydarkgray(5Y3/1).finetoveryfinegrained:micaceous:massive:scatteredshellfragmentsupto3cm0.72Oystershellandclamshellfragmentsupto7cm10ng0.10Silt.clayey:slightlysandy:massive:slightlyplastic:3cmlongbone??fragmentthisintervalat0.67m0.84Sand.verydarkgray(5Y3/1).finegrained:silty:clayey:micaceous:massive:gradingintoslightlymuddyfinesand1.46Sand.verydarkgray(5Y3/1).finegrained:muddy:micaceous:massive:withclaypodsinterspersed1.52Silt.verydarkgray(5Y3/1).clayey:sandy:micaceous:massive:slightlyplastic:

	Clay.silty:withfirmclayballs~0.10COREH08Sand.grayishbrown(2.5Y5/2).finegrained:micaceous:massive:shellfragments0.17Sand.mediumtofinegrained:shellfragmentsu~to0.5cm0.08Sand.darkgray(2.5Y4/0).finegrained:micaceous:massive:shellfragmentsupto4cm:inthisinterval:oystershellfragment4cmat0.75m:coarsesandwithshellfragmentsupto2cmat0.93-0.97m:2.5cmscallopshell:gradingintobelowl.09Sand.darkgray(5Y4/1).finetoveryfinegrained:silty:micaceous:massive:severalintersperseddiscontiniousclaypods0.5cml.llShellhash.0.05Sand.fine
	Clay.silty:withfirmclayballs~0.10COREH08Sand.grayishbrown(2.5Y5/2).finegrained:micaceous:massive:shellfragments0.17Sand.mediumtofinegrained:shellfragmentsu~to0.5cm0.08Sand.darkgray(2.5Y4/0).finegrained:micaceous:massive:shellfragmentsupto4cm:inthisinterval:oystershellfragment4cmat0.75m:coarsesandwithshellfragmentsupto2cmat0.93-0.97m:2.5cmscallopshell:gradingintobelowl.09Sand.darkgray(5Y4/1).finetoveryfinegrained:silty:micaceous:massive:severalintersperseddiscontiniousclaypods0.5cml.llShellhash.0.05Sand.fine
	Sand.olive(SY4/3).finetoveryfinegrained;micaceous;massive;somewhatsilty??;colorchangestoolivegray(SYS/2)andolive(SYS/3);gradingintobelowl.61Silt.clayey;gradingintobelow0.18Clay.silty;gradingintobelowO.lSSilt.finesandy;slightlymicaceous0.22COREHllSand.finetoveryfinegrained;micaceous;massive;scatteredEnsisfragmentattop.othershellfragmentsthruout;inthisinterval:4cmoystershellfragmentat0.41m;poorlysortedcoarsesand.abundantshellfragmentswell-preservedclams.etc.upto3cmatO.33-0.36m.andO.40-0.45ml.89COREH12Sand.med
	COREH14Sand.coarsetomediumgrained;poorlysorted;withoystershells.gastropod(5cm.well-preserved)0.30Clay.verydarkgray(5Y3/1).silty;plastic;intercalatedwithlayersoffinemicaceoussand;sand1-2cmthick0.28Sand.darkgray(5Y4/1).finegrained;massive;micaceous0.59Clay.silty;plastic;intercalatedwithlayersoffinemicaceoussand(upto9cmthick);pieceofwoodremovedfordatingthisintervalat0.11m...........................................................0.31Clay.verydarkgray(5Y3/1).silty;plastic;intercalatedwithmicaceousfinesand;well-
	COREB3Sand.olivegray(SYS/2).finetoveryfinegrained:micaceous:massive:scatteredshellfragments-somewell-preservedarticulatedEnsis2cm:colorchangesthruoutasfollows:verydarkgray(SY3/1)atO.SSm:olivegray(SYS/2)thanverydarkgray(SY3/1):I.Scmlongpieceofwoodat1.83m:gastropod0.7cmlongat2.20m2.44Sand.verydarkgray(2.SY3/0).finetoveryfinegrained;micaceous;massive:scatteredshellfragmentsl.13COREB4Sand.olivegray(SYS/2).finetoveryfinegrained:micaceous:massive;scatteredshell'fragmentsupto2cmlong.Ensis.clam:clayeysiltpodat0.88-
	COREV2Sand.finegrained;smallamountofmud1.18Sand.mediumgrained;shellfragment3-4cmthisintervalatO.21mO.2SSand.finetomediumgrained;laminationsofsiltandclay1.11Mud1ayer...............................................................0.03Sand.finegrained0.17Mud.compact;withrockfragments(Scm)O.16Mud.compact;withscatteredshellsO.31Shell1ayerwithmud0.06Sand.mixed:plasticmud~O.58COREV3Sand.olivegray(Sy4/2).coarsetomediumgrained;occasionalshellfragmentsupto1.5cmO.39Sand.darkolivegray(SY3/2).finegrained;silty;massive;so
	COREV4Sand.finetomediumgrained:occasionalshellfragment:wholeskateorrayeggcase0.40Sand.finegrained:interbeddedwithmediumtocoarsesandandlargeclaypods:2.5cmclamshellandothershellfragmentsO.50Sand.finegrained:bottomIOcmincludessomecoarsesandO.35Sand.mediumtofinegrained:smallclaypods:gradingintobelowO.099rained....................................................0.29tocoarsegrained:andgravelO.229rained....................................................O.09grained:occasionalpebblesupto2cm:becomingandmorepebblyO.5
	Gravel.well-rounded:insand-siltmatrix:gravelupto2cm~O.24COREV5Sand.gray(5Y5/1).finegrained:silty:massive:occasionalshellfragments:dry.1.08Sand.olivegray(5Y4/2).mediumtocoarsegrained:occasionalshellfragments:someclayballs1cm:gradingintobelowO.73Sand.olivegray«5Y4/2)mediumgrained:massive:occasionalshellfragmentsandclayballs:gradingintobelow1.55Sand.olivegray(5Y4/2).fiNe8$IRB%'15ML%I1R8&"!>II117
	Thefollowing50coreswereaquiredduringthesummerof1988.Forthisproject.deeppenetrationwasattemptedat16sites.Whenvibracoringrefused,topenetratetheoffshoresediments.thecorewasremovedandlabeled"RUN-I".Thevibracorerwasplacedagainontheseafloorandwaterwaspumpedthroughtheemptycoreliner.thus"jetting"downtoaboutthesamedepthwhererefusalwaspreviouslyencountered.Vibracoringbeganagainatthisnewdepthbelowtheseafloor;thiscoresectionwaslabeled"RUN-2".Thisprocedurewasrepeatedtoattainatotalpenetrationofupto20feet.THICKNESSMETERSC
	Sand.darkgreenishgray(SGY4/1)finetoveryfinegrained;silty;micaceous;abundantpodsofclayeysilt;scatteredshellfragments(afewmm).1.45COREC2Sand.verydarkgray(2.SY3/0).finegrained;micaceous;H2Ssmell;abundantmudpods;shellfragmentsattopuptoScm;shellfragmentsatthebottomO.37Sand.darkgray(SY4/1).coarsegrained;quartzose;shelly0.l0Sand.darkgray(SY4/1).finegrained;micaceous;mudpods;shellfragments.0.78Silt.darkgray(SY4/1).clayey;withsandpods.finegrained:fewshellfragments0.20Silt.darkgray(SY4/1).clayey:withsandpods:finegrai
	Sand.verydarkgray(SY3/1).finetoveryfinegrained:micaceous0.4SSand.finetoveryfinegrained:andsiltyclay:interlayered.(1-4cm):micaceous:slightlyshellythisintervalat0.SSm0.68Clay.si1ty.............................................................0.12Sand.finetoveryfinegrained:micaceous:fewshellhash:gastropodthisintervalatO.09mO.19Sand.darkgray(SY4/1).finetoveryfine"grained:micaceous:somemud:scatteredshellfragments0.36Sand.finetoveryfinegrained:clayandsilt:interlayered0.12Sand.darkgray(SY4/1).finegrained:micaceous:
	piecesofwoodthisintervalatO.28m~O.35Clay.silty;withsandlaminations(shellyandmediumsand.1cmthick)..O.61C1ay.s;1ty..............................................................0.32Sand.finetomedium.grained;micaceous;fewshellfragments;gradingtomediumgrainedsandO.32Sand.mediumgrained;micaceous;pieceofwood6cmlongthisintervalatO.77m1.14Sand.finegrained;micaceous;fewshellfragmentsO.28COREC5Shellsandshellhash;withquartzosesand.finegrained;(bivalves)O.42Sand.finegrained;micaceous;withlaminationsofshellhashandclayeys
	Sand.verydarkgray(SY3/1).finetoveryfinegrained:podsofsiltyclayupto150mthick:scatteredshellfragments.lcmthickshelllayerinthisintervalat0.03ml.2sSand.verydarkgray(SY3/1).finetoveryfinegrained:alternatinglayerswithscatteredshellfragmentsandsiltyclay:laminationthicknessrangesfromlessthanlcmto10cm:micaceousl.s4Clay.verydarkgray(2.SY3/0):silty:someveryfinesand:massive0.47Sand.darkgray(sY4/1).finetoveryfinegrained:micaceous:.shellfragments(includinggastropod.Ensis.upto2cm)almostashellhash:siltandclaylayerthisinter
	orlenses(upto3cmthick):plasticmudO.68COREC8RUN-I.RUN-2.RUN-3Run-1Sand.olivegray(SY4/2).finetomediumgrained:abundantshellfragments(lcmbivalvesandsmallerfragments):gradesintobelow..O.26Sand.verydarkgray(SY3/1).finegrained:micaceous:scatteredshellfragments.0.36Shellhash.(lcmbivalveandfragmentsto4cm):withsand.coarsegrainedO.l0Sand.olive(SY4/4).finegrained:somefineparallellaminations:scatteredshellfragments:micaceousO.32Run-2jetted-2.07m:penetration-3.08m:recovery-1.46mSample8-2continuesintocore8Run-2Sand.olive(
	----Sand.veryfinegrained:clayey:si1ty0.08Clay.verydarkgray(SY3/1):silty:highlyplastic:with2cmthickfinesand1amination0.lSSand.verydarkgray(SY3/1).veryfine:micaceous0.72Run-2jetted-2.62m:penetration-4.82m:recovery-2.44mNOTE:TOPOFCORETOTAlLYDISTURBEDSand.darkgray(SY4/1).finegrained:micaceous0.l0Clay.darkgray(SY4/1):silty:p1astic0.lSSand.darkgray(SY4/1).finetoveryfinegrained:micaceous0.S3Clay.si1ty(1ayer).....................................................0.03Sand.darkgray(SY4/1).finetoveryfinegrained:micaceou
	Run-3jetted-4.21m:penetration-6.04m:1.74mSand.darkgray(SY4/1).finetoveryfinegrained:micaceousl.71COREC14RUN-I.RUN-2.RUN-3Run-lSand.finegrained:micaceous:shellfragments(tolcm)O.13Sand.coarsegrained:sHellfragments(gastropodsto2cm.etc.)O.03Sand.darkgray(SY4/1).finegrained:micaceous:shellfragmentsrare:colorchangetoolivegray(SY4/2)thisintervalatO.79m...O.91Sand.finegrained:micaceous:abundantshellfragmentsO.06Shellhashwithmatrixofmicaceousfinegrainedsand:(bivalves1-2cm).O.04Sand.finegrained:micaceous:shellfragmen
	Sand.darkgrayishbrown(2.SY4/2).finegrained:micaceous:siltyclaylaminationsthisintervalat0.20-0.2Sm:shellfragments(lmmorless)andsiltyclaylaminationsat1.10-1.2:mudballat1.41-1.44m1.70Run-3jetted-4.42m:penetration-6.04m:recovery-1.83mSand.finegrained:micaceous:shellfragmentsrare:sedimentsdisturbedbywaterincoreliner0.33Clay.gray(SY5/1).silty:sandlaminations(upto1cmthick)0.21Sand.olivegray(SY4/2).finegrained:shellfragmentsrarethisintervalatO.96-1.01ml.31CoreCISRUN-I.RUN-2Run-1Sand.darkgray(SY4/1).finetoveryfinegr
	COREC17RUN-I.RUN-2.RUN-3.RUN-4Run-1Sand.darkgray(2.5Y4/0).finetoveryfinegrained:micaceous:shellfragments(lmm)rare:siltyclaylaminationthisintervalatI.28m.1.64Darkgray(2.5Y4/0):siltyclayandmicaceousfinegrainedsand.alternatinglayers:(layersupto7cmthick):scatteredshellfragmentsinsand:colorchangestodarkgray(5Y4/1)thisintervalatO.19m~O.36Sand.darkgray(5Y4/1).finegrained:micaceous:scatteredshellfragments1mm(mostlybelow.35):siltyclaylaminationswithshellfragments(afewmm)thisintervalat0.72-0.73mand0.75-0.76m0.85Run-2
	Run-lSand.darkgray(SY4/1).finetoveryfinegrained:micaceous:abundanttowidelyscatteredshellfragments«lmm-I.Scm);shellfragmentsupto4cmthisintervalat2.00-2.09m2.09Run-2jetted-l.98m:penetration-2.S9m;recovery-O.SSSand.darkgray(SY4/1).finegrained;miccaceous:scatteredshellfragments(mostly1-2mm.alsoabivalveof2cm)????COREC19RUN-I.RUN-2.RUN-3Run-lSand.darkgray(2.SY4/0).finetoveryfinegrained:lightlyscatteredshellfragments.1-2mm;gradesintosiltyfinesandl.80Sand.finetocoarsegrained;silty:andgravel;micaceous;shellfragments
	Shellfragmentsinsiltyclaymatrixwithfinetomediumsandandgravel:shellfragmentsupto3cmO.10Clay.silty:lensesoffinetomediumgrainedsand:alsogravel:lenseslessthan1cmthick:somemicaO.30Clay.darkgray(5Y4/1).slightlysilty:lensesofmediumtofinegrainedsand:micaceous:lenses<lcm:thinpartingofclayeysilt<lmm.blackthisintervalatO.43mandO.72m1.27Sand.finegrained:micaceous:withsiltyclaylayersupto.5cmthick..O.09Run-2penetration-6.04m:recovery-5.09mSand.darkgrayishbrown(2.5Y4/2).coarsetomediumgrained:shellfragments(upto6cm)androun
	thisintervalbetween0.04-0.09m1.34COREC22Sand.olivegray(SY4/2).coarsegrained:lotofshellfragmentsupto6cmlong)~0.40Sand.olivegray(SY4/2).coarsetomediumgrained:scatteredshellfrgaments.0.45Sand.olivegray(SY4/2).mediumgrained:shellfragments0.6SSand.med;urngrained....................................................0.15Sand.olivegray(SY4/2).coarsegrained:shellfragmentsupto4cmlong0.06Sand.med;urngrainedo.09Sand.coarsegrained:shellfragmentsupto4cm10ng0.03Sand.mediumgrained0.07Sand.mediumgrained:abundantshellfragments
	fragments;scatteredgravel(quartzandrock)upto2cm0.40COREC23Clay.verydarkgray(2.SY3/0).silty;smelly;smallsiltysandpocketthisintervalat0..ll-0.19m;shellylayerthisintervalat0.96m..1.SSSand.silty;washed1n1110.06Clay.b1ack(5Y2.5/1).si1ty...........................................0.31Sand.darkgray(2.SY4/0).silty;laminationsofcoarsetomediumsandupto2cmthick;verymicaceous;noshellfragments0.78Sand.veryfinegrained;micaceous0.36Sand.darkgray(SY4/1).veryfinegrained;micaceous0.70Sand.coarsegrained0.05Sand.veryfinegrained;
	3-4cmlongthisintervalat0.35m0.40Sand.coarsetomediumgrained:scatteredshellfragments0.13Sand.darkgray(2.5Y4/1).mediumtofinegrained:scatteredshellfragments.1.16Clay.silty:inter1aminatedwithmediuumtofinesandupto1cmthick...0.06Sand.finegrained:shellfragmentsupto7cm10ng0.20COREC25Clay.darkgray(5Y4/1).silty:verysiltymediumgrainedsandpodsinthisintervalat:0.03-0.12m(withscatteredshellfragments).and0.16-0.22m.and0.50-0.52m(withshellfragmentsupto2cm).and0.70-1.03m.and1.19-1.21m(withscatteredshellfragments).and1.31-1.3
	sandlaminations1cmthickat1.20-1.25m:siltyclaylayerat1.60-1.64m:colorchangestodarkgray(5Y4/1)at1.24m1.71Sand.finetoveryfinegrained:micaceous:somescatteredshellfragments:shellfragmentsupto8cmlongthisintervalatO.20-0.25mconcentrationofshellfragmentsatO.33-0.36mO.69.Sand.mediumgrained:shellfragmentsupto2cmandclayballs2cmdia..O.13Sand.finegrained:silty:siltyclaypodthisintervalatO.16-0.32m:siltyclaylayersatO.72-0.75mandO.84-0.87mO.90Clay.verydarkgray(5Y3/1).silty:laminationsofsiltyfinegrainedsand:sandlaminationsu
	COREC28Sand.mediumtofinegrained:colorsasfollows:lightolivegray(SY6/2)upto0.28m.darkgray(SY4/1)upto1.30m.lightolivegray(SY6/2)upto1.59:shellfragment2cmlongthisintervalat0.44m:exhibitsplanerbeddingat0.SO-0.60m:siltyclaylayerthinsfron3cmto<O.OScmat1.99-2.02m2.12Sand.darkgray(SY4/1).finetoveryfinegrained:micaceous:scatteredshellfragments<O.OScm:concentrationofshellfragmentssomemediumsandthisintervalat1.62-1.72m:gradingintobe1ow..............................................................2.08Sand.mediumtocoarse
	Clay.darkgray(SY4/1).siltywithinterlayersandsiltyfinesand;withscatteredshellfragmentsupto1mm;claylayers4-Scm:sandlayers15-20cm0.56Clay.darkgray(SY4/1).siltyO.14Sand.finegrained;silty;scatteredshellfragmentsto1mmO.29Clay.darkgray(SY4/1).silty;widelyscatteredshellfragments<lmmwellcompacted;shellfragment2cmlongthisintervalatO.74m1.69Clay.darkgray(SY4/1).silty;shellfragmentsabsent;airpocketsincenterofcorethisintervalatO.13-0.17mandO.46-0.64m1.64COREC31RUN-I.RUN-2Run-1Sand.paleyellow(SY7/4).mediumgrained;scatter
	Sand.darkgray(SY4/1).finegrained:silty:scatteredshellfragmentsupto2mm:largeshellfragment(3cmlong)thisintervalat0.70m:becomescoarserat0.8S-1.0Sml.17Silt:finegrainedsandy:scatteredshellfrgaments<lmmO.llSand.darkgray(SY4/1).coarsegrained:silty:gradingintofinegrainedsandthisintervalat0.04m:scatteredshellfragmentsupto3mmO.28Sand.finegrained:scatteredshellfragments0.49Clay.5;,ty.............................................................0.05Sand.finegrained:scatteredshellfragments0.14Clay.darkgray(SY4/1):several
	Clay:withfinegrainedsand1enses0.08Sand.olivegray(SY4/2).finegrained:somesilt:micaceous0.S4Sand.darkgray(2.SY4/0).finegrained:somesilt:micaceous:begintohaveshellfragmentsincreasingconcentrationwithdepth0.20Shellhash:somefinegrainedsand:mostlybivalvesupto1cmwithtracegravel~0.26Sand.darkgray(2.SY4/0).veryfinegrained:silty:micaceous:widelyscatteredshellfragments:shellylayerthisintervalatD.ID-O.12m0.57COREC33Sand.black(2.SY6/0).finegrained:silty:widelyscatteredshellfragments:inter1ayersofsiltyclayrangingfrom0.S-
	Sand.darkgray(SY4/1).finegrained:gravelly~0.17Gravel.black(2.SY2/0):withsiltyfinesand:scatteredshellfragments0.32Silt.clayey:moreclayeyattop:somegravelatbottom0.16Gravel:withsiltyfinesand:scatteredshellfragments:gravellysiltlayerthisintervalat0.14-0.1Sm:higherconcentrationofshellfragmentswithsomemediumsandtowardbottom0.26Silt.black(2.SY2/0).clayey0.06Gravelandshellfragments:withsiltyfinegrainedsandandsomemediurn9rainedsanda.25Clay.silty:interlayeredwithclayeysiIt:withgravel:showshorizontalbedding0.07Gravela
	O.Scmthicklayerofsiltyclayat0.39m0.39Sand.olivegray(SYS/2).coarsegrained:shellfragments:severalmudpods...........................................................0.17Sand.finegrained:andshellfragments0.06Sand.olivegray(SYS/2).coarsegrained:abundantshellfragmentsO.llSand.darkgray(fSY4/1)veryfinegrained:silty0.S2COREC3SSand.mediumgrained:inmudmatrix:shellfragmentsupto4cm0.08Clay.verydarkgray(SY3/1):podsanddiscontinuouslaminationsoffinesandcommon:podstowardsurfacecontainmediumsandandmud:scatteredfragmentsofwood
	Sand.finetomedium;scatteredshellfragments!O.23Run-3jetted-2.3Sm;penetration-3.08m;recovery-l.07mNOTE:topO.4moftubeempty;measurementsnotexact-coredisturbedSand.olive(SYS/3).mediumgrained;abundantshellfragments;colorchangestogray(SYS/l)thisintervalatO.SSml.03Sand.darkgray(SY4/1).finegrained;abundantshellfragmentsO.33Run-4jetted-2.99m;penetration-3.96m;recovery-l.OlSand.gray(SYS/l).finetomediumgrained;abundantshellfragments;darkercoloredpartingthisintervalatO.33m;plasticplugthisintervalatD.ll-O.87m1.00COREC37S
	Sand.verydarkgray(SY3/1).Sand.verydarkgray(SY3/1).Clay.silty;somefinegrainedmediumgra;ned~O.11finetoveryfinegrained;micaceousO.30sand:micaceousO.15Sand.coarsegrained;silty;andgravel;shellfragmentsupto7cmO.21Clay.darkgray(SY4/1).slightysilty;highdegreeofcompaction;smallpodsofcoarsesandthisintervalat1.64-1.74m;O.Scmthicklayerofshellfragmentsthisintervalat3.20m3.96COREC39Sand.darkgray(SY4/1).veryfinegrained;massive;scatteredshellfragmentsupto4cmEnsis;darkbandthisintervalatO.10-0.12m...l.54Sand.mediumgrained:an
	scatteredshellfragments:1cmthicklensesofsiltyfinesandcommon.....................................................~.......1.49COREC41Sand.darkgray(5Y4/1).finetoveryfinegrained:silty:micaceous:widelyscatteredshellfragments:inthisinterval:1cmwidelayerabundantshellfragments<lcmorientedat45degreeangleatO.30-0.35m:horizontallayerofabundantshellfragments1cmatO.42-0.44m:abundanceofEnsisatO.20m1.31Sand.darkgreenishgray(5GY,4/1).finetoveryfinegrained:micaceous:silty:widelyscatteredshellfragmentsupto1cm:inthisinterval:
	Sand.darkgray(SY4/1).mediumtofinegrained:micaceous:shellfragmentsupto2cmO.25Sand.darkgray(SY4/1).veryfinegrained:micaceous:variableamountsofsiltandclayalongcore:inthisinterval:siltysandatO.OO-O.40m:clayeysandatO.40-0.70m:siltysandatO.70-0.81mO.81Sand.veryfinegrained:silty:clayey:variableamountsofsiltyclayalongthecore..nolaminationspattern.looks10kedisturbedlensesofsand.siltandclay:inthislayer:siltyclaylayeratO.OS-O.07m:gastropodatO.27m1.S2Clay.darkgray(SY4/1).silty:podsandstringersofsiltyfinesand:scattereds
	Sand.coarsegrained:inter1aminatedwithsiltyclay:laminationsupto10cmthick:coarsesand-colorgray(SY6/1):siltysand-colorgray(2.SY5/1):pieceofwood(sampletaken)6cmlongthisintervalatO.80m1.15Sand.darkgray(SY4/1).mediumtofinegrained:widelyscatteredshellfragments.0.09COREC4SSand.finetoveryfinegrained:micaceous0.02Sand.coarsetomediumgrained:scatteredshellfragmentsupto1mm0.08Sand.finetoveryfinegrained:micaceous:scatteredshellfragments...O.OsSand.verydarkgray(2.SY7/0).muddy:someshellfragments0.10Clay.darkgray(SY4/1).sil
	Sand.silty:scatteredshellfragments!O.10Sand.silty:withlaminationsofsiltyclayupto2cmO.16Sand.darkgray(5Y4/1).mediumgrained:scatteredshellfragmentsO.24Sand.gray(5Y5/1).mediumgrained:smallamountofsiltandclay:scatteredshellfragments:shellhashthisintervalatO.05-0.11m..O.34Sand.gray(5Y5/1).finegrained:interlaminatedwithsiltyclay:laminationsrangefrom2-10cm:shellhashwithfinesandthisintervalatO.32-0.36m1.21Clay.gray(5Y5/1).silty:laminationsoffinesand:laminationsrangefrom1-5cm:inthisinterval:coarse-sandlayeratO.36-0.
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