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ABSTRACT

Microprobe analyses of tephra have been used in cohjunction with oxygen isotope
(0'80) and seismic reflection data in a sedimentary study of the 1000 foot-long deep-sea
core E67-113 from the northwestern Gulf of Mexico (longitude 95°54'W, latitude
27°28'N). The core is composed mainly of clay with few silt and sand laminae and
sections rich in foraminifera. No megascopic tephra layers are found in this core, but
electron-microprobe analysis of glass shards (38-63 pum) from five intervals of dispersed
thyolitic tephra indicate that the tephra are both heterogeneous and altered. Extensive
hydration and mobility of iron and other ions into carbonate material hinder accurate
geochemical fingerprinting. The coincidence of intervals of dispersed tephra with sections
of the core composed mainly of terrigenous material suggests that the tephra were reworked
from land deposits and redeposited via fluvial systems in the Gulf.

Volcanic tephra widespread in the region are absent from core E67-113. The
oxygen isotope stratigraphy in the core indicates two hiatuses, one from 0 - 0.093 million
years and the other from 0.12 - 1.2 million years. A discrete tephra layer found in another
core (E67-126A) in the same region is geochemically and biostratigraphically correlated
with the Lava Creek rhyolitic eruption from Yellowstone (0.6 + 0.02 million years). This
tephra layer, as well as many other region-wide tephra, fall into the missing time spans in
E67-113. Therefore, the absence of discrete tephra layers in core E67-113 was due to
deep-sea erosional processes that removed sediment at the core site. The seismic reflection
data show that core E67-113 was drilled in a channel adjacent to a large salt diapir. This
channel cuts into onlapping sediments. As the diapir ascended through the overlying
sediments, bottom currents in the Gulf were diverted around the diapir, eroding significant

amounts of sediment while creating a channel or moat.




INTRODUCTION

Marine tephra layers are useful time stratigraphic markers because of their
widespread distribution and geologically "instantaneous" deposition (Kennett, 1981).
There are numerous ways to date marine tephra in deep sea sediments. In earlier studies,
the biostratigraphy and oxygen isotope stratigraphy were determined first, and used to give
arelative age for distinctive ash layers in sedimentary cores (Kennett and Huddlestun,
1972; Thunell, 1976). Chemical correlations of marine tephra layers with terrestrial
sources allow tephrochronology to be used as a primary stratigraphy (Ledbetter, 1984).
This method can be quicker and more accurate than biostratigraphy and oxygen isotope
stratigraphy, and can be applied to dispersed ash zones as well as layers in a core.

A number of widespread, megascopic and dispersed tephra layers have been found
throughout the western Gulf of Mexico, and have been studied by several authors (Kennett
and Huddlestun, 1972; Thunell, 1976; Rabek and others, 1985; Ledbetter, 1985). The
most common megascopic layers, W1, Y8 and Y6, were named and correlated by Kennett
and Huddlestun and Thunell based on the biostratigraphic subzone in which they occur.
The definition of these subzones is based on the distinct planktonic foraminifera zones
within the Pleistocene zonation of Ericson and Wollin (1968), and the zones are correlated
with oxygen isotope stratigraphy. Rabek and others (1985) have determined the chemical
composition of these layers (and dispersed tephra horizons X2, W2, and Y5) in the Gulf
and correlated them with the layers of Kennett and Huddlestun and Thunell based on the
tephra stratigraphy. Chemical analysis can also be used to correlate marine tephra with
terrestrial sources and thus an absolute, rather than relative, age may be determined in many
cases. In other instances, correlation of the terrestrial ash with a marine tephra layer in a
well-dated core may be used to date the terrestrial ash. For example, the Y8 layer is

correlated with the Los Chocoyos eruption in Guatemala (Drexler and others, 1980), which




is correlated with another marine tephra layer, the Worzel-D layer, found in the Pacific
Ocean (Bowles and others, 1973), and an age of 84 ka was determined.

The Los Chocoyos Ash is the most widely distributed tephra in the Gulf of Mexico
(Drexler and others, 1980) (fig. 1). It is the result of just one of many eruptions producing
large volumes of silicic ash during the Pleistocene in western North America, Mexico and
Central America. Table 1 lists other large eruptiGhis that could be expected to extend to the
northwestern Gulf. The volumes of these eruptions, their proximity to the Gulf (fig. 1),
and the general prevailing wind patterns, indicate the Gulf of Mexico as a possible location
for deposition of the tephra in table 1. One of those, the Lava Creek B tephra, is found as a
discrete tephra layer in a core (E67-126A) from the same region as the core used in this
study (C. L. Ostergren, 1989, personal communication).

The purpose of the study is to apply tephrostratigraphic techniques to determine the
stratigraphy of deep sea core E67-113 from the northwest Gulf of Mexico. Location and
identification of tephra in the core were difficult due to sedimentological processes in the
area. Salt diapirism in the area creates an increased saline environment, affecting the
chemistry of the immediately surrounding sediments and causing alteration of the volcanic
ash. Salt diapirs also disrupt the depositional environment by enhancing erosion,
slumping, and sliding. Oxygen isotope stratigraphy for a portion of the core (upper 40%)
and seismic-reflection profiles of the core and the surrounding fégion provide the necessary

information to identify these sedimentological processes at the core site.

Geologic Hi  the Gulf of Mexi

The Gulf of Mexico began to form during the Late Paleozoic. Oceanic crust
beneath the abyssal gulf developed by rifting and sea floor spreading. This formed an

epicontinental sea in the Jurassic where thick layers of salt were deposited. The oceanic




120° 110° 100° 90° 80° 70°

*~.._C,
\-\ANA%‘. ‘.\'
———.. ,'
% “Yellowstone o
o N . w
a Long Valley - .
Glass Mtn, United States
3. 4 Jemez Mtns. o
(] N ) '50
~
Gt k
9 }
Q (Y
& \..{ ® Core sites

<o 1 J '2-00
O

700 N ) \Y

/
1 L AN} - ’ 2
110° 100° 90° 80°

Figure 1. Index map showing the locations of the Late Pliocene and Pleistocene
eruptions listed in table 1, the locations of cores E67-113 and E67-126A (Core Sites), and
the distribution of the Los Chocoyos tephra from Lake Atitlan. This tephra has been
correlated to the Y8 tephra that is present in the western Gulf of Mexico and the Worzel
Layer "D" that is present in the eastern Pacific Ocean.
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crust continued to cool and subside until the late Cretaceous. By this time the Gulf had
subsided by several kilometers. The Gulf became isolated by continuous growth of
surrounding carbonate platforms, the Florida and Yucatan peninsulas (fig. 2), that formed
in the Jurassic and Cretaceous. These are made of authigenic, shallow water carbonates
and anhydrite (Wilhelm and Ewing, 1972). Low rates of sediment accumulation within the
Gulf, together with the continued growth of these carbonate platforms around the Gulf,
caused a deepening of the Gulf. Figure 2 shows the major geomorphic provinces and
current patterns in the Gulf.

The primary current in the Gulf is the Florida Current. It forms from the Caribbean
Current which enters the Gulf by the Yucatan Channel and exits by the Straights of Florida,
and therefore is called the Loop Current. The Loop Current extends from the surface to the
sea floor along the continental margins. The change in intensity of this current is recorded
in sediments by the amount of winnowing observed. At approximately 3.1 Ma, there was
a significant increase in the winnowing of the sediments, which continued in numerous
cycles into the Pleistocene. This created an increasing number of hiatuses in the sediment
record. This increase correlated with the closing of the Central American Passage at
approximately 3.1 Ma, diverting most of the Caribbean Current into the Gulf, and later
with the glacial-interglacial cycles, which began approximately 2.5 Ma (Late Pliocene), due
to the major growth of the ice sheets on the northern continent (Brunner, 1984; Hodell and
others, 1985).

The glacial-interglacial cycles that began in the late Pliocene continued into the
Pleistocene with increased frequency and decreased duration. Productivity during the
Pleistocene increased globally, especially during the glacials. This increase in productivity

was due to an increase in current circulation both horizontally and vertically, creating
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greater upwelling. Terrigenous sediment accumulation rates also increased due to lowered
sea level during glacial periods (Brunner,1984; Hodell and others, 1985).

Salt diapirs dominate the continental slope of the western Gulf of Mexico. The salt
diapirs rise due to the density contrast between the less dense salt below and the denser
overlying sediments. Diapiric activity increased during the Pleistocene due to the increased
sediment accumulation. The salt diapirs form structural highs covered by sediments
(Wilhelm and Ewing, 1972). The Sigsbee and Campeche Knolls are results of the
extensive diapiric activity (fig. 2).

Today the Gulf is covered by a thin accumulation (approximately 20-50 cm) of
foraminiferal coze on the continental shelves, slopes, rises and abyssal plains as well as on
the Mississippi Fan (Davies, 1972). The terrigenous sediments that enter the Gulf are
deposited primarily in the western Gulf. This supply of terrigenous sediments also slightly
increases productivity by bringing more nutrients into the western part of the Gulf
(Jendrzcejewski and Hart, 1978). The present current pattern varies seasonally from
spring to winter. In spring, the Caribbean Current impinges on the Gulf, creating the
“spring intrusion." This current increases with time, and by the fall, begins to spread into
the rest of the Gulf and is termed the "fall spreading.” As the current begins to wane
during the winter months, eddies are left in the western and northern Gulf (Leipper, 1970).

Geologic Setting of the Study A

The continental slope in the northern Gulf of Mexico is dominated by salt ridges,
domes, and spines, the emplacement and movement of which greatly affect the deposition
of the sediments on the slope (fig. 3a). Those sediments are deposited by turbidity currents
and hemipelagic sedimentation. Movement of the salt structures causes disruption of these

sediments, such as slumping, sliding, faulting and erosion. Salt structures can also
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Figure 3. A. Schematic profile of offlapping Pliocene-Pleistocene. sediment wedges,
showing sand-mud transitions and emplacement of salt structures (after Stuart and
Caughey, 1977). B. Structural contour map of the diapir adjacent to core E67-113.
Contour intervals are 100 feet. (after Lehner, 1969) Point a is the location of figure 11 and
point b is the location of figure 12.




facilitate chemical alteration of adjacent sediments that differs from "normal" alteration of
deep sea sediments. The core used for this study, core E67-113 (drilled by the Shell Qil
Company in 1967), was drilled at longitude 95°54'W and latitude 27°28'N adjacentto a
large salt structure (fig. 3b) in the northwestern Gulf on the upper continental slope

(fig. 2). The structure has steep flanks and a flat top covered with caprock, which is
typical of an extrusive salt plug, and forms a low-relief promontory (Lehner, 1969).




METHODS

Core E67-113 was chosen for this study because of its continuity (88% recovered)
compared to other cores available. The coring data and a brief paleontologic report
supplied by Shell are in Appendix A. The core is stored in the U. S. Geological Survey
Warehouse in Corpus Christi, Texas. Samples were collected as one inch slices at one foot
intervals. This was done by personnel at the storage warehouse. The samples were then
sent to Moss Landing Marine Laboratories, California. They arrived as chunks of dried
clay in individual plastic bags. Sample preparation consisted of weighing each dry sample,
dispersing it in a Calgon solution to disaggregate the clay, then wet-sieving each sample
with a 38 pm screen. The >38 um (coarse) fraction was dried and weighed. A final
sieving of the dry coarse fraction with a 63 um sieve was done to separate the 38 - 63 um
fraction for analysis.

Identification of the tephra involved preparing smear slides from the 38 - 63 pm
fraction. Using a petrographic microscope, the amount of tephra in each slide was
estimated and recorded in one of five categories. These categories are none, trace (<1%),
rare (1-4%), common (4-10%), and abundant (>10%). Additional information recorded
for each slide included the estimated amount of terrigenous material relative to biogenic
material (minus the opaque material) and the amount of opaque material relative to the total
sample on the slide (% opaques). The samples that contain >1% ash were put into a 10%
HCI solution to dissolve the biogenic material (CaCOs3). The end product of this procedure
was then put into a mixture of methylene jodide and acetone in a density-gradient column to
get a clean ash separate.

Chemical "fingerprinting" of volcanic glass was used as the method of correlating
the marine tephra with its terrestrial source. The ash was mounted and analyzed on the

electron-microprobe for 9 major elements (Si, Al, Fe, Mg, Mn, Ca, Ti, Na, and K).
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Natural glasses and silicate minerals that were analyzed by conventional wet-chemical
methods were used as standards. Up to 20 shards were analyzed for each sample. The
data were recalculated to 100%, then added to the tephra database at the U. S. Geological
Survey in Menlo Park, California. This database contains electron-microprobe data of
major element chemistry for tephra from most North American and many Central and Latin
American volcanic eruptions. Similarity coefficients were calculated for every sample
analyzed with every sample in the tephra database. The similarity coefficient is an average
of ratios of element concentrations in two glass samples. The ratios of individual elements
are calculated by dividing the concentration in one sample by the concentration in another.
The lower concentration is always divided by the higher so the ratio is always less than or
equal to one. The coefficients are averaged for all elements in the comparison. The ideal
value of this coefficient equals onc for an identical pair. Similarity coefficients with values
of 0.35 - 0.94 are for different units. Values of 0.94 - 0.96 are intervals of uncertain
correlation. Values of 0.96 and higher are considered to be from a single source (Sarna-
Wojcicki and others, 1984).
Four different combinations of elements were used for the correlations. These

combinations are:

Naz0, Al>03, Si02, Ca0, K50, Fe203

Naz0, Al03, Si03, Ca0, K20, MgO

Na0, Al,03, SiO, Ca0, K70

Nay0, AlO3, Si03, CaO.
An element is useful in the correlation if it is homogeneously distributed within the glass of
a single layer, if it differs in concentration in layers of different ages, and if a full range of
concentrations can be accurately measured (Sarna-Wojcicki and others, 1984). A list of the
best 50 matches was determined for each combination of elements for each sample.

The homogeneity index is calculated for each sample also. This is done by dividing

the standard deviation of the counts accepted for each element in each sample by the square
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root of the mean. A homogeneity index of 0-2 indicates a very homogeneous sample and
suggests that shards are from a single source. Homogeneity indices of 3 or greater indicate

increasing heterogeneity (C. E. Meyer, 1990, personal communication).




RESULTS

The opaque material consists of small round beads of pyrite. They appear to be
formed by pyritization of organic structures (C. E. Meyer, 1987, personal communication).
Appendix B contains the data collected for each sample. Twelve samples contained more
than 1% tephra, but no megascopic or discrete tephra layers were found. There was a
background level of a few tephra shards in almost every sample. The samples with > 1%
tephra came from zones of enrichéd organic material and > 50% terrigenous material (fig.
4). Samples 1563, 1617, 1629, 1630, 1644, 1653, and 1659 (sample numbers
correspond to depth, in feet, below sea level) were not analyzed due to extensive alteration.
Samples 1543, 1564, 1640, 1856, and 2178 were less visibly altered and were analyzed.
Sample 1640 had the most tephra and is the least altered, so it was analyzed twice, using 15
- 20 grains in each analysis. Two of the samples (1543 and 1564) contained only 3-10
acceptable grains.

The chemical data for the five tephra samples analyzed are listed Appendix C and
summarized in table 2. The tephra are rhyolitic (75 - 77% SiO,). The total weight percent
of the oxides for all of the samples is low (87 - 91%). This indicates that the tephra have
been hydrated. Some of the hydration occurs during the diagenesis of the volcanic glass
(Summa and Verosub, 1987). |

The best 50 matches (correlations) and chemistry for the samples are in Appendix
D. The iron and magnesium of the core samples are significantly different from any other
analyses in the database. The iron is very depleted and the magnesium is very enriched.
Figure 5 is a comparison of the core sample chemistry with some of the tephra found in the
western Gulf. The Faby is represented because of its proximity to the Gulf and possible
occurrence within the Gulf (it has not yet been found in the Gulf), and the fact that it

appears in some of the correlations for this study. Sample 2040 is from core E67-126A.
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Figure 4. Graph of the data for core E67-113. Ash Content categories: N=0%,
T=<1%, and R = 1-4%. % Bio - % Terr = amount of biogenic material vs amount of
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organic structures (pyrite beads) compared to the total sample. % Coarse fraction = Weight
of >381 fraction divided by the the total sample.




15

TABLE 2. CHEMICAL DATA OF TEPHRA AT CORE SITE E67-113.

Sample No,
Qxide 1543 1564 1640 = 1640-2 1856 2178
SiOy 64.655 66.267 67.225 70.011 69.779 68.775
ALO; 14.915 14.715 14.502 14.474 14.134 14.594
Fey03* 0.083 0.186 0.207 0.270 0.210 0.405
MgO 0.073 0.626 0.611 0.535 0.445 0.517
MnO 0.008 0.008 0.015 0.006 0.000 0.011
Ca0 0.243 0.414 0.407 0.439 0.462 0.384
TiO 0.026 0.000 0.000 0.007 0.000 0.000
Nay0 2.133 1.795 2.464 2.200 2.249 3.245
K20 4,028 4.107 3.180 3.204 3.100 2.834
Total 86.825 88.118 88.612 91.146 90.380 90.766
Recalculated to 100%
Si0, 74.47 75.20 75.86 76.81 71.21 75.77
AbO3 17.18 16.70 16.37 15.88 15.64 16.08
Fey03* 0.10 0.21 0.23 0.30 0.23 0.45
MgO 0.08 0.71 0.69 0.59 0.49 0.57
MnO 0.01 0.01 0.02 0.01 0.00 0.01
Ca0 0.28 0.47 0.46 0.48 0.51 0.42
TiO; 0.03 0.00 0.00 0.01 0.00 0.00
NayO 2.46 2.04 2.78 2.41 2.49 3.58
K20 4.64 4.66 3.59 352 343 312
Total 99.25 100.00 100.00 100.01 100.00  100.00

Results are in weight %
*Total iron is recalculated as FeyOs.
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Y8 and 2040 are marine tephra from the Gulf. The Faby and Los Chocoyos are terrestrial
tephra shown here to compare chemical differences between marine and terrestrial tephra.
The tephra analyzed throughout core E67-113 are similar to each other, but are very
different from the other tephra related to the Gulf (and anywhere else).

Each of the five samples consists of shards that are very heterogeneous. This is
indicated by the homogeneity index (Appendix C). Table 3 lists the homogeneity indices
for the samples from the core and also samples known to be from single sources for
comparison. The majority of indices of the elements from the samples in the core are
greater than 3. This provides good evidence that shards in a single sample are
differentially altered and possibly from different sources.

The similarity coefficients and lists of 50 best matches for the individual core
samples to tephra in the database are in Appendix D. The tephra from the database that
appear in the lists of correlations typically represent older, altered tephra that could not
stratigraphically occur in the core due to their age (Early Pliocene and older). When Fe;03
or MgO is used in the correlation, the core samples correlate mainly with each other. This
is due to the distinct differences between these oxides in the core samples and the tephra in
the database. However, a few samples do appear in the correlations that represent
Pleistocene tephra found in the western Gulf of Mexico, or that could occur due to the
proximity of the source to the western Gulf (fig. 1). These are the Los Chocoyos (Y8 -
marine layer) and the Faby Tuff, respectively. Their similarity coefficients are low,
typically 70 - 85 %, but appear in the lists in Appendix D as high as the third best match for
samples 1564 and 1640.
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TABLE 3. COMPARISON OF HOMOGENEITY INDICES OF THE
ELEMENTS IN TEPHRA FROM CORE SITE E67-113 TO
SOME SINGLE SOURCE SAMPLES

Samples from Core E67-113

Oxide 1543 1564 1640 1640-2 1856 2178
SiO2 10.539 13.584 16.801 1.377 6.708 8.594
ALO3 4.644 3.489 4.622 3.941 3.506 4.338
FeO 1.158 2.901 6.084 9.853 4.751 10.586
MgO 9.918 6.523 8.754 9.951 6.252 9.001
MnO 1.331 1.479 0.872 1.451 0.665 1.116
CaO 3.908 5.408 7.226 9.463 5.612 7.096
TiOp 1.364 1.047 1.221 2.136 0.819 - 0.878
NaO 3.476 2.558 7.664 8.506 2.443 3.641
K20 9.745 8.308 9.799 13.506 10.017 10.380

Single Source Samples
Oxide 2040 Faby X8 __ La Primavera
Si0; 1.348 1.341 1.578 0.979
ALO3 1.930 1.322 1.652 1.145
FeO 2.838 0.804 1.095 1.249
MgO 0.938 0.939 1.053 1.147
MnO 1.083 0.673 0.767 1.100
CaO 2.155 1.450 1.828 1.175
TiOp 1.853 1.136 1.163 1.166
Na0 1.654 2.552 1.920 1.903
K20 4.130 0.948 4.069 1.103

Sample 2040 is a marine tephra layer from Core E67-126A from the Gulf of Mexico,
Sample Y8 is a marine tephra from the Gulf of Mexico.
The Faby and La Primavera samples are terrestrial tephra layers from Mexico.




DISCUSSION

Alteration

The tephra in core E67-113 have been highly altered as indicated by the low total
weight % of the oxides, enrichment of magnesium, and depletion of the iron, titanium and
manganese in each sample. Volcanic glass readily alters due to its thermodynamic
instability and poorly ordered internal structure. Low temperature alteration of silica glass
typically occurs in two stages. The initial stage consists of hydration and alkali ion
exchange. In the second stage, destruction of the glass matrix begins and there is
precipitation of secondary phases in the newly created pore spaces (Fisher and Schmincke,
1984).

Subaerial alteration depends on changes in the glass/water system. Leaching of
elements from the glass rapidly occurs in a well-flushed fluvial system due to the
oxygenated fresh water, which is undersaturated in the elements with respect to the glass.
The released ions are then carried downstream. Clay minerals (commonly montmorillonite)
are the typical alteration product in these conditions (Fisher and Schmincke, 1984).

Low-temperature marine alteration depends on the same glass/water system as in
subaerial conditions. However, the tephra pick up ions (Mg2+, Na*) as well as release
them (Ca2+)(Brownlow, 1979). The tephra alter to clays (commonly smectites) and
zeolites (Summa and others, 1984). Volcanic tephra in the sediment column act as a
chemical source and sink. The ions that are released influence the pore water chemistry in
the surrounding marine sediments (Fisher and Schmincke, 1984).

The tephra in core E67-113 appear to have been reworked from subaerial deposits
and redeposited via fluvial and coastal systems in the Gulf. The homogeneity indices

provide some evidence for this. High indices can indicate a number of possible influences
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on the tephra. One is that some grains are altered more than others within the sample.
Another possibility is that individual grains are heterogeneous initially. They may contain
bubbles or lithic intrusions. The third possibility, and typically the most common, is post-
depositional reworking. There may be glass incorporated from other eruptions (C. E.
Meyer, 1990, personal communication). The tephra in the core occur in zones of increased
terrigenous material. This suggests that the tephra were subaerially deposited, then
reworked by fluvial and coastal systems to be finally deposited in the Gulf.

Marine alteration has also influenced the tephra in the core as indicated by the
enrichment of magnesium and the depletion of iron. The altered tephra probably has picked
up extra magnesium from the sea-water. The depletion of iron may be due to the adjacent
salt diapir (fig. 3b). The dissolution of near-surface salt increases the salinity of pore fluids
and creates anoxic conditions, which preserve marine organic matter and produce a
reducing environment (Lehner, 1969; Williams and Lerche, 1987). The tephra samples
come from zones enriched in organic material. Pyritization readily occurs in a reducing
environment and is seen throughout the core as opaque, pyritized organic structures.

Sulfur is associated with the caprock of a salt dome (Krauskopf, 1967); in this case, the
caprock is mainly comprised of anhydrite (Lehner, 1969). The reducing environment may
have helped the iron to be mobilized from the tephra. This iron, combined with the sulfur,
may have contributed to the pyritization. Sample 2178 (the lowermost sample that contains
ash in the core) is enriched in magnesium as are the other samples, but it is not significantly
depleted in iron. This may be due to the depth at which the sample is located. Compaction
at depth, due to overburden of the overlying sediments prior to the ascent of the diapir,
could have reduced the pore space. The increase in salinity of the water due to the
ascended diapir may not have affected the sediment at this depth because of the inability of

the water to enter the pore spaces. The magnesium would be enriched, as in the other
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samples in the core, if the tephra has picked up the magnesium from the sea-water in which
the sediment was deposited.

Tephrochronology

No correlations can be made with any source of tephra or other marine tephra due to
the extensive alteration. It is interesting to note, though, that the Faby, Los Chocoyos, and
Y8 ashes do appear in some of the correlations (Appendix D). However, the oxygen
isotope stratigraphy (9!80) for the core indicates that these ashes would not occur in the
core (fig. 6). Two major hiatuses occur (D. F. Williams, 1988, written communication),
one at 0 - 0.093 Ma (1474 ft below sea level) and one at 0.12 - 1.2 Ma (1728 ft below sea
level). The paleontologic report from Shell (Appendix A) indicates a datum line at 1728 ft
as a change from Lower Pleistocene to Upper Pleistocene. This datum line correlates with
the depth of the lower hiatus that Williams noted in the oxygen isotope stratigraphy. Both
of these hiatuses encompass the times that many of the widespread ashes found in the Gulf
would occur.

In another core (E67-126A), from the same region as E67-113, where water depth
is 1064 ft, a discrete ash layer is found at 2040 ft below sea level. Core E67-126A was
drilled on the shelf-slope break (fig. 2). There is less alteration of this ash, and the average
homogeneity index is 1-2 (indicating a single source). Electron-microprobe analyses of the
ash indicate a correlation with either the Huckleberry Ridge or the Lava Creek B ash
(Table 1). Further analysis with X-ray fluorescence, in conjunction with biostratigraphy
and oxygen isotope stratigraphy, indicate that the ash layer correlates with the Lava Creek
ash (C. L. Ostergren, 1989, personal communication). This ash is not found in core E67-

113 because it falls within the 0.12 - 1.2 Ma hiatus.
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Figure 6. Oxygen isotope stratigraphy for the upper 40% of core E67-113 (FromD.F.
Williams, 1988, written communication). X, W, S, and R correspond to foraminifera
zones and Sc-5e and 29 correspond to oxygen isotopic stages within the foraminifera

Zones.
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Sedi Hi

The proximity of core E67-1 13 to a large salt diapir is the cause of the major
hiatuses indicated by the oxygen isotope stratigraphy. The seismic-reflection profile shows
the effect of the adjacent salt diapir on the sediment of the core (fig. 7). Three sections of
sediment (A, B, and C) record the history of the rising diapir. Section A shows
undisturbed, parallel reflectors, indicating little diapiric activity or activity that had little
influence on the sedimentation of the strong reflectors (sedimentation in balance with the
ascending diapir). Section B indicates important diapiric activity during deposition. The
reflectors pinch out (converge) against the diapir. They show onlap of sediments on a
topographic high, or variable compaction due to the rising diapir. Section C consists of
parallel reflectors filling a channel. The reflectors at the top of section B are truncated by
the channel fill reflectors in section C.

As this diapir ascended, the bottom currents were diverted around this new
topographic feature, creating an erosional channel or moat around the diapir in which the
core was drilled. As the activity of the diapir slowed, erosion decreased, and eventually
deposition increased and the channel that was created was draped with sediment. The
upper hiatus of 0 - 93 ka may be due to reactivity of the salt diapir, which may have
increased the diverted current activity within the channel and eroded the top 93,000 years of
sediment. Figures 8a and 8b are seismic-reflection profiles from the U. S. Geological
Survey of the area surrounding the core location. They show a similar channel on the
northwestern flank of the diapir, approximately 3,000 meters from the location of the core
(points a and b in fig. 3b). This channel is inferred to have been eroded by the same
diverted currents. A

High rates of sedimentation after the 0.12 - 1.2 Ma hiatus may have caused the

renewed activity in the diapir to create the 0 - 93 ka hiatus. Sedimentation rates vary greatly
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in the Gulf. Thunell (1976) reported rates of 2 - 8 cm/ka, and Kennett and Huddlestun
(1972) reported 10 - 30 cm/ka rates and noted that those rates are commonly highly variable
within and between cores. The sedimexitation rates for core E67-113, based on the oxygeh
isotope stratigraphy, range from 2.4 cm/ka prior to the hiatus at 0.12 - 1.2 Ma, to 340
cm/ka after the same hiatus, with a section of only 42.2 cm/ka at the 5d isotopic stage (Fig
6). After the erosion stopped, sedimentation rates greatly increased, and large amounts of
sediment were deposited prior to renewed activity of the diapir (seen by the second hiatus at
0-93 ka). This renewed activity may be due to the rapid accumulation of overburden,
causing the less dense salt below to flow upward again.

The depth of the unconformity between sections B and C in the seismic-reflection
profile (fig. 7) correlates with the 0.12 - 1.2 Ma hiatus determined by the oxygen isotope
stratigraphy (at approximately 1728 ft, fig. 6), and the datum determined by the
paleontologic report (at 1728 ft, Appendix A). Seismic velocities recorded for sediments in
the Gulf of Mexico range from 1.7 - 1.92 km/sec for the upper kilometer (3281 ft) of
sediment on the continental slope (Locker and Chatterjee, 1984). When 1.7 km/sec is used
with 0.62 sec for the two-way travel time at the location of the unconformity on the seismic

profile, the approximate depth of the unconformity is 527 m (1729 ft).




CONCLUSIONS

The high degree of alteration and hydration of the tephra in core E67-113 (located in
the Gulf of Mexico, longitude 95°54'W, latitude 27°28'N) indicate that the tephra have
been reworked from land deposits. High homogeneity indices of the electron-microprobe
data support the theory of reworked tephra. The tephra occur in zones of comparatively
high terrigenous material, indicating that the tephra were redeposited with terrigenous
sediment via fluvial and coastal systems. Post-depositional alteration in the marine
environment also is indicated by the significant enrichment of magnesium and the depletion

of iron in the tephra. Magnesium enrichment may be due to the uptake of magnesium from

the sea-water. Iron depletion may be due to the proximity of a salt diapir to the core. The -

high salinity in the pore fluids in the sediment created an anoxic environment, preserving
organic matter and thus forming a reducing environment, ideal for the formation of pyrite,
which contains iron from the tephra.

No correlation with any source is possible due to the great amount of alteration.
However, poor correlations with a few widespread tephra found in the Gulf are noted.
These include the Faby Tuff (0.24 + 0.03 Ma) and the Los Chocoyos (Y-8) tephra (84 ka).
A discrete tephra layer occurs in another core (E67-126A) from the same region and is
correlated with the Lava Creek Tuff (0.6 + 0.02 Ma). Oxygen isotope stratigraphy (9180)
indicates two major hiatuses occuring at 0 - 0.093 Ma and 0.12 - 1.2 Ma. These time
spans include the eruption of the Faby, Los Chocoyos, and Lava Creek tephra. If these
tephra are present in the core (indicated by the poor correlations for the Faby and Los
Chocoyos), then their stratigraphic position would not be of the time of eruption but of the
time the tephra entered the Gulf of Mexico via fluvial and coastal systems.

Seismic reflection profiles show that the core was drilled in a small channel adjacent

to a large salt diapir. The reflectors in the profile indicate changes in the sedimentation due
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to changes in the activity of the rising diapir. The unconformities may be related to times of
increased activity of the diapir. As the diapir rose, currents were diverted around the new
topographic high and eroded sediments to form a channel. An unconformity is indicated in
the reflection data and approximately correlates with the timing of the large hiatus from
0.12 - 1.2 Ma. High sedimentation rates based on the oxygen isotope stratigraphy after the
0.12 - 1.2 Ma hiatus may have caused the renewed activity of the diapir to create the

0 - 0.093 Ma hiatus at the top of the core.
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APPENDIX A

Paleontologic report and coring data for core E67-113 provided by Shell Oil Co.
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PALEONTOLOQGIC REPORT
E67-113 (USGS-113)
WATER DEPTH - 1472'
First sample - 1472’ Recent-Upper Pleistocene mixed
Sample - 1728' Lower Pleistocene
Last sample - 2391' In Lower Pleistocene

TD - 2400’ Lower Pleistocene




Hole No.
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M/V EUREKA CORING DATA

E 67-113

Sheet1 of 5

Date___7/17-18/67

Drillers Water Depth 1472

Coordinates__27928'  95054'

Drillers Total Depth 2400 Raydist Loc.
On Location __1530 7/17/67 Total Footage Cored 928'
Going in hole 1545 - APE trouble
Completed Hole _ 0250 7/19/67 Total Footage Recovered_ 815'
No Log run
S.P. 928
CORE | CORED [RECOVERY
NO. INTERVAL| IN FEET REMARKS

1 1472-88 13/16' |Clay, soft, gm-gy, forams

2 1488-1504 | 15/16' |a.l.a.

3 1504-20 14/16' _[Clay - becoming firmer - gm-gy - forams

4 1520-36 12/16' _|Clay - soft - gm-gy - forams

5 1536-52 14/16' |Clay - mod firm -  gm-gy - forams

6 1552-68 17/16' [a.l.a.

7 1568-84 16/16' la.l.a. sli sdy at 1583

8 1584-1600 | 15/16' |Clay, bm-gy to med-gy interbedded, firmer

9 1600-16 16/16' lal.a., few forams

10 1616-32 17/16' _|Clay, gr-gy, with white sand zones, firm, forams

11 1632-48 16/16' _|a.l.a. but bec darker colored, little sand

12 1648-64 14/16' [a.l.a., but no sand

13 1664-80 17/16' la.l.a.

14 1680-96 18/16' Ja.la.




Hole No.___E 67-113
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M/V EUREKA CORING DATA

Sheet2 of 5

Date___7/18/67

Drillers Water Depth 1472 Coordinates
Drillers Total Depth Raydist Loc.
On Location Total Footage Cored
Completed Hole Total Footage Recovered
CORE CORED [RECOVERY
NO. INTERVAL| IN FEET REMARKS
bottom 2-1/2" blew out of core bbl
15 1696-1712 15/16' |a.la. and landed on oily deck
16 1712-28 16/16' | As above, core #12, faint red cast 1714'-22'
As above, no red. Bottom 3 ft blew out on deck
17 1728-44 17/16' ]possible contamination
18 1744-60 17/16' _ }Clay, dark gm-gy, some color variation in shade
19 1760-76 17/16' la.l.a.
Bottom 3 ft blew out of bbl - possible
20 1776-92 15/16' |a.l.a. contamination
21 1792-1808 16/16' |a.l.a. Some forams and shell material
22 1808-24 16/16' |a.l.a.
23 1824-40 16/16'" la.l.a.
24 1840-56 17/16' |a.l.a
25 1856-72 16/16' |a.l.a
26 1872-88 17/16' |a.l.a.
27 1888-1904 16/16' Ja.l.a. rare sdy laminae
28 1904-20 16/16' _|a.l.a., silty-sandy at bottom 6'




36

M/V EUREKA CORING DATA
Sheet3 of 5
Hole No.__E 67-113 Date___7/18/67
Drillers Water Depth 1472 Coordinates
Drillers Total Depth Raydist Loc.
On Location Total Footage Cored
Completed Hole Total Footage Recovered
CORE CORED |[RECOVERY
NO. INTERVAL| IN FEET REMARKS
29 1920-36 11/16' |a.la. little silt
30 1936-52 16/16' |a.la., few silt to sand laminae
31 1952-68 16/16' | As above core #18, some sandy zones
32 1968-84 16/16' |a.l.a.
Clay, dark bm-gy, & dk gm-gy, bedded & mottled|
33 1984-2000 15/16' _[in part, firm, forams, rare silty lams
34 2000-16 12/16' a.i.a., lower 6' very dark, gritty zones-forams?Sd?A
35 2016-32 6/16' _ la.l.a. but bec lighter gy again
36 2032-48 6/16'  la.la. gm-gy, rich forams, clay very dry
37 2048-64 16/16' la.l.a.
38 2064-80 11/16' la.la., clam shell @ 2075-2076
39 2080-2096 { 12/16' |a.l.a.
40 2096-2112 | 14/16' |a.l.a.
firm.
41 2112-28 14/16' _|Clay, interbedded bm-gy & gm-gy, sandy laminae
42 2128-44 16/16' Ja.l.a.
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M/V EUREKA CORING DATA
Sheet4 of 5
Hole No.___E 67-113 Date____7/18-19/67
Drillers Water Depth Coordinates
Drillers Total Depth Raydist Loc.
On Locatien Total Footage Cored
Completed Hole Total Footage Recovered
CORE CORED |
NO. INTERVAL| IN FEET REMARKS

43 2144-60 12/16' Ja.la.

44 2160-76 16/16' |a.l.a. and apparent 30°+ fracture? or dip?

45 2176-92 6/16' _|a.l.a. bec more gm in bottom 6" - sharp contact

46 2192-2208 9/12'  [Clay as above core #41

47 2208-24 10/16' |a.l.a.

48 2224-40 10/16' |a.la.

49 2240-56 15/16' {a.l.a.

50 2256-72 11/16' Ja.l.a.

51 2272-88 12/16' _Jal.a butslightly lighter shades of color

52 2288-2304 10/16' _|Same as #51

53 2304-20 15/16' _ {same as core #41 darker again, very firm

54 2320-36 9/16' _[a.lLa., well laminated zones

S5 2336-52 13/16' |a.l.a.

56 2352-68 15/16' ]a.la. with well defined thin beds.
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M/V EUREKA CORING DATA
SheetSof §
Hole No.___E 67-113 Date___7/18-19/67
Drillers Water Depth Coordinates
Drillers Total Depth Raydist Loc.
On Location Total Footage Cored,
Completed Hole Total Footage Recovered
CORE CORED |RECOVERY
NO. INTERVAL| IN FEET REMARKS
57 2368-84 15/16' |a.la. some laminae, some massive
' no silt

58 2384-2400 | 12/16' |a.la. to 2390.5 then massive dk-gm-gy, or sand

Winds 40 knots - seas 8-12' Had to abandon hole before losing string




APPENDIX B

The appendix contains the observational data for core E67-113. Sample numbers
correspond to number of feet below sea level. Water depth at the coring site is 1472 ft.
The first two samples were lost (1472 and 1473). Samples in bold print are those with
more than 1% ash.

Categories for amount of ash are: None = 0%

Trace =< 1%
Rare = 1-4%
No sample contained more than 4% ash.

The biogenic to terrigenous category is a semi-quantitative comparison of the non-
opaque material in each sample. To graph these data, the following conversion was made:

f>>>>t 100% biogenic material

f=t 50% biogenic and 50% terrigenous

f<<<<t 100% terrigenous

The amount of opaque material is relative to the entire sample.
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APPENDIX C

Electron-microprobe data for samples 1543, 1564, 1640, 1640 (2), 1856, and 2178
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APPENDIX D

This appendix consists of tephra data from core E67-113 compared with tephra data
from the database at the U. S. Geological Survey, Menlo Park, California. The database
contains tephra from most North American and many Central and Latin American volcanic
eruptions.

The best 50 matches are calculated using four combinations of major elements for
each sample - I. 1543, II. 1564, IIL. 1640, IV. 1640 (2), V. 1856, and VI. 2178. The
combinations of elements are:

Na, Si, Al, and Ca

Na, Si, ALK, and Ca

Na, Si, Al K, Ca, and Fe
Na, Si, A], K, Ca, and Mg

The first correlation on each page is the sample used in the comparison against itself.

Similarity coefficients are in the last column for each comparison.
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