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' " INTRODUCTION

The United States Minerals Management Service (MM5) in
conjunction with the Texas Bureau of Economic Geclogy/University
of Texas at Austin (BEG/UT) sponscored the Continential Margins
Program in order to promote research inte the occurrence of
economic minerals on the continental margins of the United
States. This report to MMS is the result of the third year
funding through a cooperative agreement between the Florida
Geological Survey and MMS/BEG/UT. :

. This investigation was undertaken in order to examine the
depth distribution of heavy-mineral deposits off the Sulf of
Mexico coast of Northwest Florida. This study also contributes
valuable granulometric data needed to assess potential off-shore
sand deposits. It is a continuation of the year one research
effort aimed at analyzing the distribution of heavy minerals in
- bottom grab samples in this area. A systematic effort was made to
identify areas of likely concentration of heavy minerals, using
two lines of approach. '

First, utilizing the results of the year one study, areas
showing the greatest concentrations of heavy minerals were
delineated. The recognition of these areas resulted from
literature surveys and sample analyses completed for the year one
investigation and surveying any more recent literature on the
area.

Second, high resolution seismic profiling was utilized in
order to further investigate and locate bars and shoals shown on
the bathymetric charts of the area. Numerous track lines were run
providing detailed vertical profiles of the features (Figure 3).

Based on the above reconnaissance, locations were selected
faor the collection and detailed mineralogic/sedimentologic
analysis of a set of vibroceres ranging in length up to & meters.
In combination with the previous surface mineral studies, these
cores provide accurate and useful information on the potential
for economic heavy-mineral resources on the Northwest Florida
shelf.
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DESCRIPTION QF THE STUDY AREA

The area of thig investigation .is a portion of the
northeastern Gulf of Mexico on tha Florida inner continental
shelf, (Figure 1), extending from offghore Saint George
Island, (84 deg. 52.78 min. longitude) to offshore Panama City,
235 dcg 44.86 min. longitude). The area is located within the
Gul f Coast province. The subsurface geology is dominated by
marine to shallow marine sediments. The total stratigraphic
section encompasses over 50,000 feet (Murray, 1960). The area is
an extension of the Gulf Coastal Plain, an accumulation of
gently—-dipping Cretaceous to Tertiary sediments, whose source
area is the Appalachian Mountains (Stewart, 1962). From
approximately 80 km north of tha present coastline southward a
number of Pleistocene terraces occur. Their development is
correlated with interglacial highstands of the sea.

The climate of the study area is classified as
humid—-samitropical. The mean annual temperature is 68.9 degrees F
(20.5 deg. C). Mean annual rainfall is 142.8 em (Schnable and
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Goodell, 1358). Significant geomorphologlc teatures in the uiud,
area include numerous 2stuarizs, lagoons, and barrier islands
The northeastern Gulf of Mexico is a depowilional besin for a
number of coastal plain vivers, the largest in Florida

being the Apalachicola Rivar (Figurz 1).

The Apalachiccla River is formed 172 km north of
Apalachicola Bay by the intersection of the Flint and
Chattahoochaee Rivers at Jim Woodruff Dam on Lake Semincle at the
Florida-Georgia state line. The Flint and Chattahoochee Rivers
begin in the Piedmont and Blue Ridge provinces of northern
Georgia and Alabama. dralnxng the Appalach1an FPiedmont and
‘Céastal ‘Plain regiong. 'In the 'Blue Ridge the Chattahcochee Rive
travels through mostly weathesred sedimentis. In the Piedmont
region, both rivers drain areas of Proterozoic-Faleozoic
maetasediments. The remainder of the drainage basin is veneered
with Cretacenus to Recent sediments, comprised primarily of
poorly consolidated marine sand and clays (Bedosky, 1387).

The watershed of the Apalachicola River covers an area of
30,800 square km. The drainage basin of the Apalachicola River
proper covers 6,200 square km (Leitman, et al., 1932) and is 170
km long. With a flow which averages 651 m® sec—*, the river
delivers an average of 1.5 million tons of sediment to
Apalachicola Bay per year (lsphording, 1983). [

- . ’

Ma jor embayments in the study area are Apalachicola Bay/East
Bay, a delta-estuary system at the mouth of the Apalachiccocla §
River, and Saint Joseph Bay non the west. Apalachicola Bay is ’
separated from the Gulf of Mexico by three barvier islands: from
east to west, Dog Island, St. George Island, and St. Vincent
Island. Two other barriaers occur in the Panama City area: Creoked

Island and Shell Island.

Of fshore shoals in the study area are extensively developed
near St. George Island and Cape San Blas (Figure 1). These
shoals, Cape San Blas Shoal and Cape St. George Sheoal, extend to
the southwest offshore from Cape San Blas and St. George Island,
raspectively. The western partion of the region is barren of
shoals, possibly due to an increase of unidirectional wave
energy in that region.

PREVIOUS INVESTIGATICNS

Several racent heavy-mineral studies have been completed in
Florida and the northeastern Gulf of Mexico. Goldstein (1942)
described the heavy-minerzl acssemblije characteristic of the J
Exstern Gulf Province. He reporied that the assemblage consists |
2% low= and nigh-rank metamarphic anc ignecus minerals ’
transported by river systems draining the Appalachian Piedmont
and Loastal Flein regions. Van Andel and Foole (1960) studied



the sedimentary provinces of the Gulf of Mexico andg their
respective soaurce arezs. Nivers draining the soubhern
Appalachians were congidered primarily responsible for the
sediments of the Eastern Gulf Province. The first phase of the
present MMS/FES study, a heavy-mineral reconnaissance of surface
sediment along the coast of the northeastern Gulf of Mexico
(Arthur et al., 19B6) found the sur face heavy-minerzal suite to
consist of ilmenite, kyanite, staurclite, tourmaline, zircon, and
rutile, with minor amounts of epidote, sphene, amphibole,
magnetite, sillimanite, leucoxene, and garnet. The samples in
that study were retrieved using a Shipek grab sampler along
share—-transverse transects from Pensaccola eastward to Apalachee
.Bay.

Brenneman {1937) found a significantly larger proportion of
heavy minerals in the fine-sand fractions than in the coarse
fraction from off shore St. George Izland. He explained the
presence of heavy minerals as being due to a lack of current
strength to remove the heavy minerals from the sediment.

Tanner et. al (1961) reported the heavy-mineral content in
of fshore shoals near the Apalachicola River delta. They
hypothesized that the heavy-mineral abundance incresases with
depth in the shoals, and noted that this concentration with depth
might prove to be economically viable. This investigation
identified essentially the same heavy-mineral suite as Arthur ot
al.(1986).

Kofoed and Gorsline (1353) reported that the coarse sadiaent
fraction off Apalachicola Bay was comprised of rewocrked relict
quartz sand with minor percentages of transported heavy minerals
or calcareous material derived locally. Fine—-grained material in
the area was believed to be a contribution of the Apalachicola
River. Ware and Kirkpatrick (1981) conducted a shallow drilling
project on Cape St. George Shoal. FPercentages of heavy minerals
present in twenty test wells ranged from 0.04%Z to 2.83%. Only S
samples out of 95 total contained heavy—mineral percentages
greater than 1%. The heavy-mineral suite reported in their siudy,
and in Stapor’s (1973) study mentioned below, is in general
agreement with the suite described in Arthur et al.(198&).

Lader (1974) investigated the heavy—mineral distribution
offshore from Cape San Blas. He hypothesized that the greatest
heavy-mineral content would be in areas of highest energy and
that heavy minerals would be sorted with respect to their mass
dencsities. Conclusions from his worl refuted that hypothecis,
hawever, indicating an inverse relationship between mean grain
size and heavy—-mineral content. He concluded that size, rather
than weight, was a significant factor relating to heavy-mineral
abundance. Stapor (1273a,b) res=sarched the delivery procecses
responsible for the depaosition of heavy minerals in the vicinity
of Apalachicola, Florida. In the Gulf of Mexico a fine-grained,
heavy—-mineral-rich sand is concentrated and later deposited on
the beach as a result of transport processes in the Gulf which

(&3]



remove the coarse material from the original sediment. In the
bays and ssunds, fines are removed and coarser deposiis remain.
This is due to the lower energy conditions in these areas.

Grosz and Sscowitz (1382) conducted a heavy-mineval
reconnaissance of Florida’s Atlantic continental shelf. The
survey focused on economic minerals, specifically titamium oxide
minerals, and zirconium/hafnium and rare-earth bearing minerals
derived from igneous and metamorphic terranes of the Appalachiansg
and transported by fluvial and long shore processes. Flores and
Shideler (1978) studied the outer continental shelf offshore froms
Texas. They related heavy-minaral variations to provenance and
. ascribed local variability to genetic differences in sea—-floor
sediments. Other regional heavy-mineral projects completed
offshore from Mississippi and Alabama include Hsu (1960},
Foxworth et al. (1962), Drummond and Stow (1979), and Doyle and
Sparks (193380). Saffer (1953), reported the heavy-mineral content
in river and beach sand samples of northwest Florida, Georgia,
and Al abama.

METHODS

Seismiz Profiling In June of 1986, two research cruises were
carried out on the R/V Pellows. The first cruise collected data
utilizing the high-resolution GEOPULSE sub-bottom seismic
profiler., The GEOPULSE system has a high-resolution sound source,
which at 350 joules produces an acoustic source level of 120 dB,
and generates a fregency spectrum of 400 Hz to 14 kHz. A
catamaran towed behind the vessel serves as a lightweight
platform for the sound source. The instrument can profile
sub-bottom stratigraphy with a resolution of one meter to a depth
of about 50 meters. Approximately 3220 km of transects were run
from Dog Island Reef, Florida westward to Panama City, Florida
(Figure 2). Sedimentary structures, such as sand bodies and
paleo~channels, were mapped as potential locations for
vibrocoring on the second cruise. Examples are shown in Figure 3.

Vibrocoring Eleven 7.6 cm diameter vibrocores were retrieved
on the second five-day cruise, ranging in length from 2 to 6
meters. Figures 1 and 2 show the coring locations. Details of the
locations are given in Appendix A. Core logs for each core are
presented in Appendix R.

Laboratory Methods

A flowchart of laboratory procedures is shown in Figure 4.
The cores were initially split and logged. Core logs are detailed
in Appendix B. Samples weighing approximately 100 grams each were
taken at 20 cm. intervals from the centers of the cores. The
samples were then oven—-dried at 40 degrees Celsius and a split
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Figure 3 Selected GEOPULSE sub-bottom seismic profiles




Figure 3a Portion cf seismic line between transects 19 and 19a
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Figure 3b Portion of seismic transect 1S
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Figure 3c Portion of seismic line between transects 13 and 14
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" Archive half of core

Open core & split

—

Approximately
100 grams bulk sample

1

Oven—~dry 40° C

Spiit

2grams textural analysis

Weigh, sieve using
Bradley sonic sifter to

{solate 2-3 phiand 3-4
phi size fractions

|

"] Sleve to remove coarse

and flne fractions

Split to 10 grams

]

Rinse with distilled
water and oven—-dry

Rinse and oven-dry
sand fraction

Settling tube analysis
using 1 m settling tube

Heavy liquid separation
using sodlum
metatungstate

1

Statistical analysis
using SETTUBE
computer program

Rinse heavy and light

mineral separates with
10 molar HCI and dry

Weigh

Percent magnetite

|

Electromagnetic
separation of magnetite

Garnet and limenite
grain=counted to deter-
mine modal percentages

Separate limenite and
garnet using magnetic
: separator

Figure 4

Powder remaining
minerals and mount on
. 1" X 1" slide

XRD, measure peak
heights, determine
mineral assemblage

Flowchart of laboratory procedures.
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was et aside for taxtural anpalysis. A sieving Cumpariscon was
made using the ro-tepn (Mizutani, 176300 mebhod and Lhizo fe Sl
Sonic Sifter. Similer razulis woere canerctcd fvaonn each.  The
material was sieved using the Sonic Sifter at whole-phi intorval:
to isolata the -3 and 3—1 phi fracticons. The whole-ohi intarvals
wara split down to ten grams, vinsed with distilled vater and
oven-dried.

- Heavy—mineral separation was

achiovcd by use of tha heavy liquid scdium metatungstate (denzity

2.90 g/cm®), Ninaty milliliters of heavy liquid were mixed with 2
lampln in a separatory funnel. The funnel was then centrifuged |
for forty-five minutes at 1500 rpm. The soparated heavy minerals
were retrieved from the funnsl and rinsed with 10 molar '
hydrochloric acid to avoid deposition of a tungsten precipitate
on the grains. The heavy minarals were then rinsed with
double~distilled water and dried again. 7The light minerals
remaining in the funnals wera treated in the same manner- 2= the
heavy minerals. Both fractions of the samgles were waighed to
obtain relative dry weight percentages in each sample (Appendix
o). )

The components of the heavy-mineral suite were analyzed by
first separating the magnetite using an electromagnet. Ilmenite
and garnet were separated from the bulk heavy minerals by a
Frantz Isodynamic Magnetic Separator. The separator was set at
C.4 amps, with tilt and side slope angles of 25 and 20 dagrees
respectively, to saparate garnet and ilmenite from the remainder.
The garnet and ilmenite mixture wes weighed and grain-counted
under a binocular microscope to calculate relative madal
percentages of each {Appendices D and E).

-Ravy Diffractometry The remaining heavy-minzral assembiage was
analyzed using the Philips PW-1710 auvtomated X-ray diffractomatar
with a coppar target. The samples were prepared by powdering for
32 minutes with a ball mill. The powder was spiked with a known
weight of the mineral fluorite for use as a calibrating factor in
quantitative X—ray diffractometry (XRD). The aixture was mounted
on a 2.6 c¢m x2.6 cm glass microscope slide using a Duco cement
and acetona slurry. The slides waere X-rayed within a range of 10
to 70 daegrees 20 at generator settings of 20 millizmps and 40
kilovolts, '
The diffraction peaks and their heights from the X-ray
spectra were compared to standards prepared for this project
using a variety of heavy-mineral compositions and proportions.
Paak height was used for ease of measurement and because
preliminary tests showed that pzal: height is a reliable index of
weight percaent. To ascertain the reproducitility of the
peak-height measurements, replicates wera made for a nuabor of
the sample XRD slides. Ten of them were chosen at random and
acanned. Peali heights ware compared to tho cary ecponding pealis
on the sample slides. Average parcent deviation for 311 of the
measured peake for each of the mincrals identified in the
roeplicate camples was 12 percent. This wad - a good level of o0
repoducibility, beozied on extencive proviouv: oxparicintation eith




... powder diffraction. This was also based on the fact that ali ot
“the factors 1dent1f;nd by Prycr and Hester (1959) and Van Andzl
(1959) as having a measurable effect on reproducibility were

minimized. :

The'pégks and their d-spacing shown below were used for
quantifying.the XRD data for the nine heavy minerals‘found in the
powdered samples. For. each minerdl in every sample, one of the
peaks in the list below was located and its height above
background was measured. Confirmatory peaks were then searched in
order conclusively to-identify the mineral. The peak height was

. -then converted to a dimensionless ratio by dividing it by the '
‘height of one of the peaks attributable to the flucrite spike,
whose we1ght percentage in esch sample was known. This
normalization enabled the quantitative determination of the
percentage of that mineral in the sample. For a few samples, an
additional pealk was used for sillimanite, sphene and zircon, as
shown below.

Mineral Peak d —-spacing

T _ A Name Label (Angstroms)
Epidote (Epl) 2.30
Hornblende (Hol) 3.14
Kyanite (Kyl) 3.18
Rutile o (Rul) 2.2
Sillimanite (Sil) 42

o (8i2) S.3
Sphene - (8p2) 3.00
S 2.61

Staurolite (St1) 2.9
Tourmaline (To2) 2.36
Zircon (Zil) 3.20
(Zi 4.43

Flueorite (F11) 1.93
(Spike) (F12> 3.15

The Florida GEDIOQIL&I Survey holds some reservations

concerning the use &f the XRD for quantificaticn and identi-

~——fication of heavy minerals. However, considering the non-
economic quantities of the heavy minerals found within the study
area as determined.by heavy liquid separaticn, XRD and optical
methods, we bel1eve that these. concerns are nat critical to the
recource evaluat1un. Wa also feel that XRD may provide a rapid,
fxrst approwxmatxon of the mxneral suite and mineral abundances
_and 15 a valuable to 01 qu resource 1nvest1ggt10n




Teutural Analveis  Textural analysis was carried out on tho
s2ttling tube in the FSU Sedimentology Laboratory. The tube ic
modeled after Eibbs’ (1974) device, which had a settling distance
of 140 <m and a diameter of (2 cm. The Florida State Univorsity
saettling tube has a settling distance of 100 cm and a diameiter of
12 em. A Cahn digital electrobalance xs connected to the settling
tube system.

One hundred and twenty six samples from the cores underwent
grain size analysis. The individual samples  weighed between 0.5
and 2 grams. Each sample was first sieved using the Bradley Sonic
Sifter to remove sizes coarser than -1 phi and finer than 4 phi.
These two fractions were weighed on the Mettler balance and the
percentages of the original sample weight were calculated. The
remainder of the sample was rinsed with distilled water and
oven-dried.

Statistical analysis of the settling tube data was
achieved by use of the SETTUBE computer program, written by A. "
Kaharoeddin of Florida State University. The program is designed
to calculate moment measures and histograms from points defining
the slope of the settling tube printout of cumulative weight
versus setting time. Textural data is presented in Appendix C.

RESULTS

Seisnic Profiling

The saismic lines shown in Figure 3, totaling approximatnly
320 km, provided high resolution profiles of the upper S0 meiers
of the seafloor of the northaastern Gulf of Maxico inner shelf.
These data in conjunction with the existing bathymetric maps ware
utilized in tha selection of the vibrocoring sites. Numerous

subsur face features were recognized on the profiles (Figure Za-
<),

Tha most commonly encountered subsurface structure was
buried channels, rapresaenting ancient positions of the
Apalachicola River, with its tributaries and distributaries.
Other structures observed included subsurface lenticular sand
bodies, and buried scarps. The first two probahbly represent
nearshore or barrier island features while the third may be the
recult of dissclution of the Tertiary limestones that approach
the surface in thae easternmost part of the study area. Examplos
are shown in Figure 3.

Tovtuv f

The sample zuite conaists of a moderately sorted,
finely-slewed fine sand. The percentage of fines is negligible

18

A s




in all samples. except for two. from Care 9. Mean percent of iinez
is less than 0.1 wt.%Z. Percentaqe of gravel (coarveer than —1 phi
or 2 mm) was zero in all samples. The gross textural data
indicate that the depositional environment of the samples studied
wvas one of moderate energy, with deposition dominated by fine to
medium sand, and virtually no mud or gravel. Further anslysis of
the depositional environments of these sediments is obtained
through the-use of scatter plots of various parameters against
each other (Figures 5-7). The results of these plots are compared
to the results obtained from previous investigations that
utilized measured grain size parameters from known environments.

Figure § is a plot of sample mean vs.' standard deviaticn
showing two fields labeled R (River) amnd B (Besch) as tcken from
Friedman (1967). It can be seen that most of the samples fall in
the River field, although a significant number lie within the
Beach field. The result .underscores the interplay that has taken
place on a continual basis throughout the study area, with the
Apalachicola River and its distributaries migrating across the ..
area during low-stands, and beaches developing. during high-
stands. .

Figure 6 plots skewness vs. kurtosis, with another set of
environmental fields from Friedman (1961). The fields represent
Beach (B) and River (R) sand samples. Again, most of the samples
cluster close to the line, . with the scatter approximately equal
on either side, indicating further that the environment was
influenced by both beach and river hydrodynamic processes.

In order to determine if there were any east to west
differences among the cores, the core mean grain size was plotted
versus the core standard deviation. Results are shown in Figure
7. Once again Friedman’s (1979) River (R) and Beach (B) fields
are superimposed. It can be seen that the three easternmost
cores and the three westernmost cores fall in the River field.
The western cores may have been more influenced by ancient deltas
to the west of the present cne, located just east of the town of
Apalachicola (Figure 1). The data, however, are still mixed -
five cares plot in the Beach field.

Textural characteristics and Heavy-mineral concentrations of
the surface sediments in the study area were also checked for the
presence of trends by analyzing both the surface vibracore
samples from this study and the samples from transects 14 thraugh
21 of the Arthur, et al. (1986) investigation. No regional trends
were found.

For the five longest cores (cores 4, 6, 12, 13, and 14) depth
profiles were plotted for mean grain si:ze (Fxgures g8-123,
standard deviation (Figures 13-17). A general coarsening upward
trend can be detected in most of the cores in the study area.
This trend is most prominant in cores 13 and 14 (Figures 11 and
12,
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Tho zorting profiles (Figurez 12-17) indicate moderctle
sorting, with a tendancy for poocrer sorfting towards the top
avident in soma cores (e€.g.,cores 4, 14 and the upper half of 13;
Figures 13, 17 and 1&, respectivelyl). On ik contrary, sorting
worsens with dapth in core & (Figure 14). ’

Heavy-mineral Analysis

Heavy minerals, as a percentage of the bulk weight, varied
from Q0.03% to 1.4% with a mean of 0,3%. Figurzs !8-28 show the
percentage of heavy minarals vs. depth in each of the plotted
cores. The samples were divided into two fractions within the
sand size range, 2-3 phi and 3-4 phi. On average there was
slightly more sample in the finer 3-4 phi fraction. Forty-three
percent of the sample waeight fell within the 3-4 phi fraction,
while 40% occurred within the 2-3 nhivtanga. There was also a
larger percentage of heavy minerals in the finer range, an,
average of 0.5%4 in the 3~4 phi fraction versus 0.2% in the 2-3
phi fraction.

Magnetite averaged 5.6% by weight in the 2-3 phi fraction
and 3.9% in the 3-4 phi fraction. Garnet + Ilmenite averaged
9.7% by weight in the 2-3 phi fraction and 6.4%4 in the 3-4 phi
fraction. It can be seen that, on the average, the garnet +
ilmenite weight is nearly twice the weight of the magnetite for
both size fractions.

Nine heavy minerals were detected by XRD in the sample
suite. Kyanite, sillimanite and zircon were found to be the
most abundant of the low—-susceptibility minerals in both size
fractions. Kyanite favors the coarser fraction, while zircon
slightly favors the finer. Tha percentages obtained from the XRD
analyses are relative, the sum of the peak heights on the X-ray
di ffractogram being recalculated tc 100%. In order to compare
these percentages with tha weaight percentages of magnetite,
ilmenite and garnet, the XRD results have been rencrmalized. This
normalization involvad subtracting the magnetite + ilmenite +
garnet percentage from 100%Z and then taking the sum of the
percentages ohtained from the XRD data and adjusting it to equal
the difference. The results are shown in Appendices D and E for
the 2-3 phi and 2-4 phi fractions, respectivaly. ' '

It can be seean that kyanite, sillimenite and zircon remain
the predominant heavy minerals, even in comparison with
magnetite, ilmenite and garnet, particularly in the coarser
2-3 phi fraction. In both size fractions, kyanite, eillimanite
and zircon comprise about 70% of the heavy-mineral suite.
Staurnlite, rutile and harnblende are concentrated in the
fine fraction. Magnetite and tourmaline favor the coarse
fraction. Ilmenite shows no preferenco. Ephene, epidote and
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garnet are present in small amcunts in only a.few. A .
samples. The titanium heavy minerals (ilmenitd, ru¥ile and-“***"
sphene) comprise on average, 11.1%4 and 13.6% of the total,

for the 2-3 phi and 3-4 phi fracticn, respectively..

Tha prﬂ iles of heavy-mineral weight percentage (Figures 18-220
show little variation (a range of 0.3 weight percent) or trend
with depth. In general, however, the heavy fracticn increases
upward in cores S and 13 and decreases upward in core 14 (Figure
22). For all coras except 7 and 14, the heavy-mineral
concentrations of the surface sample exceed those of the sampled
interval immediately below.

Results of the heavy-mineral analysis are tabulated in
Appendices C through G. Point count data for =zzlected intervals
containing the highast percentages of heavy minarals are shown in
Appendix F. A comparison of the data from the year one study
(Arthur et al.,1986) can be found in Appendix G.

CONCLUSION

This investigation has provided an in-depth look at heavy-
mineral occurrence on the inner shelf of the northeast Gulf of
Mexico. Heavy minarals constitute, on the average, 0.1 weight
percent of the 2-3 phi fraction (Appendix D). This fraction
constitutes 33.7%Z of the bulk weight. The 2-2 phi heavy minerals
therefore constitute 0.04% of the bulk weight of the sadiments.
Likewise, heavy minerals make up, on average, 0.6 weight percent
of the 3-4 phi fraction (Appendix E). This fraction comprises
42.3% of the bulk waight. The 3-4 phi heavy minerals therefare
make up 0.264 of the bulk weight of the sample. Total weight of
heavy minaerals is approximately 0.3%Z of the bulk sediment. The
titanium minerals (rutile, ilmenite, sphene) comprise an
estimated 0.04% of the bulk sediment weight.

None of the samples analyzed contained heavy minerals in
amounts greater than 1.4% of the total sediment. The heavy
minerals were found to be more than four times as abundant in the
finer sand than in the coarser sand fraction. Kyanite dominates
both fractions, followed by sillimanite and zivrcon. Ilmenite,
rutile and hornblende are algo significant, especially in the
finer sand fraction.

Some previous investigations suggested the possibility of
economically important heavy-minaral deposits in the area
investigated (Tanner et al.,1961). This study did not locate any
heavy-mineral deposits of sufficient grade to be considered of
potential economic importance. To be of economic importance, a
deposit would have to be greater than ten times more concentrated
than the overall acverage found in this area. Cata from this
investigation suggest that sands from this area may be a
potential glasz cand resource.

Continually chifting depositional environments, from river
s boach to nearchore, appear to have heavily reworied the sand
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daposits uf Lhe.inngr. shelf of the narthesatarn Gulf of Honico
off northwaestern Florida. The resulting sediment is a mecdovatoly
sortaed, finely-skewed, fine sand with virtually no gravel or aud
fraction presant. Although ample heavy-mineral material appears
to be available for concentration, as evidenced by zonzentreates
2f 59% and highar on some of the precznt-day beaches, i% wauld
appear that such concentrations do not survive unless they are
rapidly drowned and buried. This has not been the case in the
inner shelf, where the sea level has risen relatively slowly and
the Apalachicola River has periodically changed its course over
the past 10,000 years (Schnable, 19663 Schnable and Goodell,
1968). The slow rise of sea level during .the Holeocenz, and tha
consequent. ra~working of inner shalf sediments may have been the
reason for the low heavy-mineral concentrations in the inner
shelf of the northeastern Gulf. If this is the case, heavy-
mineral concentrates may be found further out on the shelf and
upper slope, vwhere low-stand beach and river channel deposits
underwvent in-situ drowning during the rapid sea-level rise
associated with the waning of the late-Wisconsin glaciers.
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APPERDIX A
DETAILED CORE LOCATION

CORE_# Lzﬁg$ﬁ (cm) LORAN-C COORDINATES W, Latitude |N. Longitude

4 ‘ _;250 14247,22 | 46511.17 29 36,81 .| 84 52,78
5 ' 89 14223,94 | 46484.00 29 33,01 84 54,13

6 200 14198,96 46505,35 29 32,43 84 59,08

7 174 14156.16 46473.46 29 25,81 85 02,73

8 93 14169.58 46530,27 29 31,96 | "85 04,78

9 103 14084,64 46639,05 29 34,96 85 22,98
10 100 14088,17 46666,20 29 37.44 85 24,28
11 117 14137.37 46800,32 29 51,30 85 26,78
12 388 14140,67 46870,28 79 57,55 35 30.81
13 . 610 14002,00 46935,53 30 02.90 85 37,07
14 280 14084,21 46993.89 30 07.79 85 44,86
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CORE NUMBER: CA-86-STA4

Latitude: 29,36,.81 ' Corr, Depth; 35 f¢.
Longitude: 84.52,78 Core Length: 250 cm

"LTTHOLOGY CTTHOCOGIC DESCRIPTION

{ 0-35¢cm  Dark yellowish-bhrown, medium fine, subrounded,
well-sorted sand, a few hroken Pelecypod shells, uniform
"tithology. Gradational contact,

ss o s;g;m: |
;_fmmmzmﬂ msim;;

l"

[ﬁf.‘l H iﬁﬁﬁﬁgj@ 356-120cm Greenish-gray, silty sand intermixed with
i coarse sand, poorly sorted. Scattered shell fragments.
Gradational contact.

i ! .
'-| {4 I"I'.l',l\l- '

zz’z:é'mzﬁzm' ]

url

120-130cm Light olive-gray silty sand mixed with

coarse sand, poorly sorted very small shell chips, Gra-
i{ dational contact,

E 130-165¢m Dark greenish-gray, coarse and angular sand,
il slightly clayey, poorly sorted, Large shell fragments
w present, random orfentation,

156-250cm  Very 1ight gray-white medfum-fine,
subrounded sand. Dark gray clumps randomly scattered
sand 1s well=-sorted, uniform 11thology.
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Longitude:

CORE NUMBER: CA-86-STAS

29,33.01 Corr. Depth: 45 ft,
84,.54.13 Core Length: 89 cm
CTTROLOGIC OESCRIPTION

0-5¢cm O0live-gray, coarse subangular sand and shell
{ hash abundant organics. Shell hash consists of small
| fragments, Sharp contact,

] 5-40cm Ol1ve-gray, medfum coarse, subangular and in

] medium gray clay matrix, Minor amount of shell hash,

i Large clay spheres scattered randomly, gradational con-.
Jd tact,

40-89¢cm Grayish-black, medium-fine grained sand and
mud. Large black organic chunks scattered randomly,
At 68cm a large, black tree fragment {s present,
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CORE NUMBER: CA-86-STA6
Latitude: 29.32.43 ' Corr. Depth: 36 ft.

Longitude: 84,59,08 Core Length: 200 cm

LITHOLOGIC DESCRIPTION

it:l 0=10cm Olive gray, coarse, angular sand with minor
clay, Large amount of randomly orfented shell hash,
closely packed. One noticeable burrow 5cm in length,
Gradational contact.

1 10-120¢m Dark-gray, fine-grained, clayey sand with
minor scattered shell fragments., One large overturned
{narticulated mollusk shell, bfoturbhation noticeable.
Gradational contact.

57551 120-140cm  Grayish-black, -organic-rich sandy clay.
Large tree knob near base, below which shell hash is
4 present, Gradational contact.

140-155¢m Bluish-gray organic-rich sandy clay. No

shells are present. Uniform 1ithology. Gradational
contact.

Sy iy o Y

155-200cm Med{ium bluish-gray clay, medium reddish-

otia| brown to dark yellowish-orange, medium-coarse sand.

wraaoos| The sand and clays mix with no specific pattern. Clay
nated

sections are rounded, possibly burrow in-fills, No
shell present.

iCC1E01 163,63, 03,016t




CORE NUMBER: CA-86-STA?
Latitude: 29,26.81 Corr. Depth: 20 ft,
Longitude: 88,02,73 Core Length: 174 c¢m,

0-100cm Yellowish-gray, medium-fine, subrounded sand.
Small shell fragments randomly scattered, no evidence
of bioturbation, minor amounts of mica, Uniform litho-
logy. Gradational contact,

100-174cm Medium 11ght-gray, mediumecoarse, angular
sand, Shell fragments present. Small, intact, inar-
ticulated coquina pelecypods. Uniform T1ithology.
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CORE NUMBER: CA-86-STAB

Latitude: 29,31,96 Corr. Depth: 21 ft,
Longitude: 85.04,78 Core Length: 93 cm.
B 4 1) Y A ‘ CITAOCOGIC DESCRIPYION

0-75¢m Yellowish-gray, coarse, subangular sand,
Small, black, shell fragments randomly scattered, One
long, thin burrow 12 cm in length. Uniform lithology.
Gradational contact.

3

75-93¢m Pale-olive, coarse, fossiliferous sand.
Forams, and inarticulated mollusks present, Small
""""" 4itil shall fragments., Some hioturbation at 80 cm.
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CORE NUMBER: (CA-86-STA9
Latitude: 29,34,96 Corr. Depth: 30 ft,
Longitude: 88,22,98 Core Length: 103 cm.

CTTVOCOSTE BESIRTPTION

0-103cm Yellowish-gray, medium-coarse, subangular
sand, minor biotite randomly scattered., Bioturbation
around 18 cm, Small shell fragments randomly oriented,
Lithology constant, moderate sorting.

soas
ssscsscsdipass
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CORE NUMBER: CA-86-STA1Q

Latitude: 29,37,44 Corr, Dedtﬁr 30 ft.
Longitude: 85.24,28 Core Length: 100 cm.
CTYROLORY CTTROLUETC BESCRTPYTON

{4 Inarticulated mollusk shells,
1 tn length.

: O-iOOcm 'Very lightﬂgfay;;subangular; fine<grained

sand, medium, sorted, scattered shell fragments,
Burrows present 10-20 c¢m
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CORE NUMBER: CA-86-STAll
Latitude: 29.51.30 . Corr. Depth: 27 ft,
Longitude: 85,26.78 Core Length: 117 cm,

———— LTYOCTTC DECRTEVION

0-21cm Grayish-orange, medium-fine grained, subrounded,
well-sorted sand. One {narticulated mollusk, Burrow

111 at 14 cm. Uniform 1ithology. Gradational con-
tact.

i} 21-48¢m  Yellowish-gray, medium-coarse, subrounded

sand, minor, unevenly distributed shell fragments,
| minor organics.,

§ 45-117¢m White, moderately-sorted, medium-fine sand,
'{ Scattered heavy minerals, shell fragments.
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CORE NUMBER: CA-86-STA12

Latitude: 29,57.55 Corr. Depth: 22 ft,
Longitude: 85,30.81 Core Length: 388 cm.
=TTTHOLOET. . - CTTHOLOGIC DESCRIPTION

{0-17¢n Light oltve-gray, well-rounded, fing, sand. = -
;M{onr amount of shell fragments., Well sorted, grada-
M tional contact,

i1 17-43¢m Yellowish-gray, well-rounded, medfum-coarse
i} sand, minor {inarticulated, unoriented pelecypods,
i] Gradational contact,

43-59cm Very light-gray, subangular, medium-coarse
sand, minor small shell fragments, unevenly distri-
il buted, moderate sorting, Gradational contact,

59-110cm 0live-gray, subrounded, medium-coarse sflty
sand, Grades to darker color with depth, Large amount
of shell hash, Minor intact pelecypods, no orienta-
tion. Gradational contact.

110-205¢m Dark greenish-gray. subrounded, coarse,
sii1ty sand, shell present, mollusks in live position,
and articulated, pelecypods, gastropods. Gradational
contact.




205-380cm Medium dark-gray, subangular, coarse, silty
sand, minor broken fossils randomly scattered, Semi-
uniformed 1ithology. Gradational contact,

Ff 380-388cm Medium dark-gray, subangular, madfumecoarse
sand, Llarge shell fragments, pelecypod shells, mode-
rate sorting,
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_Latitude:
Long1tude:' 85,37.07

e Tt

---Ie-::

" *CORE NUMBER: CA-86-STA13

Corr. Depth: 23 ft,
Core Length: ~610cm

CYYROCORIC DESCRIETION

h .
------

0=13cm Yellowish=gray, subrounded, medium=-fine sand,

no fossils, no structure. Very sharp contact.

13-66cm Dark greenish-gray, subrounded, fine-clayey
sand. Small shell fragments, unoriented. Bioturba-
tion, burrows oriented vertically. Gradational con-
tact. I ‘ :

66-240cm 01ive-gray, subangular, medium-coarse silty
sand, Large shell fragments present, Whole inare
ticulated valves. Shells oriented concave up. Grada-
tional contact,

240-273cm Dark gray, medium-coarse, muddy sand, Abun-
dant shell fragments, concave upward, mfnor broken

; pelecypod shells, Gradational contact.

273-310cm Black, subrounded, medfium-fine muddy sand.

Uniform 11thology. Organic matter present., M{
amount of small foscil fragments., P " nor

-1 . !



310-490cm Ol1ive<gray to olives-black, subrounded, muddy
fine sand. Uniform 1ithology, no fossils, no hiotur-
hatton, high organic content. Gradational contact,

490-610cm O0live black, subrounded, medium fine muddy

sand. Large round mud balls, Sand contains large

amounts of fine shell hash, Wood fragments present at
520 cm,
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Longftude:

CORE NUMBER: CA-86-STAl4
Corr. Depth: 42 ft,

Core Length: 280 cm.

CTYROLDGTC DESCRIPTION

*6&56é5- Yéllowish-gray, subangular, medium-fine sand,
Well sorted, no fossils, minor bioturbatfon. Grada-
tional contact.

30-54cm Light olive-gray at top - yellowish gray at
base. Suhangular, medjum=~fine sand. Minor mud clumps,
fossil fragments, mollusk shells, Gradational contact.

i1l 564-280cm Dark yellowish-brown, grading to dark-medtum
gray at base., Subangular, medium-fine sand, Lacks
fossils, One mud infilled burrow,




Appendix C: Textural Data

Sample W&, = Total sample weight, including fines.

HM, Tot, Wt., % = Heavy-mineral weight as a percent of total
sample weight.

Pgrcgnt Fingg = Weight percent of total sample finer than &2
microns.

Mean = Mean grain size (phi units).

Std, Dev, = Standard deviation.
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Appendix D: Combined Heavy-Mineral Data from Magnetic
Separation, Point-Counting and X-Ray
Diffractometry, 2-3 Phi Fraction.

Depths or intervals in core.
Weight percent of heavy minerals
in 2-3 phi fraction,

Percentages of each minsral, from
magnetic separaticon and point-
counting.

Paercentages of each mineral as
determined by x-ray
‘diffractometry.

Depth (cm)
Hmin %4 2-3 phi

% Magnetite, Ilmenite, Garnet

7% Epidote, etc.
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Abpendix E: Combined Heavy-Mineral Data from Magnéfic
Separation, Point-Counting and X-—-Ray
Diffractometry, 3-4 Phi Fraction.

Depths or intervals in core.
Weight percent of heavy
minerals in 3-4 phi fraction.
Percentages of each minaral,
from magnetic separaticn and
point—-counting.

FPercentages of each mineral as
determined by x-ray

di ffractometry.

Depth (cm)
Hmin % 3-4 phi

% Magnetite, Ilmenite, Garnet

7% Epidote, etc.
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RApperdix F. Point Count Data For Selected Sasples of 3-4 Phi Heavy Mireral Fraction,

SAMLE § DPAUES KYANITE  SILLINANITE ZIRCON TOURMALINE GARNET STAURDLITE SPHENE EPIDOTE  HORNEBLENGE OTHER
&0 ] 18 4 3 5 1 4 2 -4 3 3
-0 # 6 18 7 1 b i 4 .2 & 4 4
7-8 48 21 7 3 4 (] 7 2 1 3 3
7-49 'Y} 23 u | ] 8 8 i 1 3 £
7-60 44 24 8 3 ) b4 2 ! 1 2 7
7-88 43 24 8 3 2 1 8 3 (] 3 4
8-0 34 33 11 2 4 1 5 1 1 4 7
13-128 45 a2 18 3 3 e 8 4 1 e 1)
MEAN =& 46 21 8 3 3 2 6 4 | 3 5
#Duplicate

##loes not include duplicate amalysis.
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e e v e
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Sppendic Gy Tomperuison af Averaage Mineral FPercentaces in the
deavy Mireral Fraction For Surface (Arbhar, ob o al., 935) and
e wierer Samples.

Arthur, et al.,, 1333

Transwets 14 through 214 Prasent Study
2=3 Phi 3~4 FPhi 23 Fhi -4 Phi
OPAQUES» 37.1 50.14 14.0 14,4
KYANITE 24.9 18.7 39.2 28.8
STAUROLITE 11.8 7.9 0 4.7
TOURMAL INE 10.4 4.9 4.9 3.3
ZIRCAN 2.0 7.3 7.3 T
eP IDATE 4.3 e 0.3 1,0
SPHENE , 1.3 0.4 1.6 2.0
AMPHIBOLE 5.9 1.6 o2 £.5
SILLIMANITE 1.3 8.3 29.3 29.8
3FARNET 0.6 0.1 0.6 0.7

»lncludes Magnetite, Illmenite, Leucoxene and Rutile.
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