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Two classes of shelf bathymetric highs exist on the Gulf of Mexico
shelf:

«  Salt supported banks: A majority of the banks are underlain by salt
domes that push upward creating sea floor highs and providing
habitat for reef forming organisms. The Flower Garden Banks and
Stetson Bank are examples of these type of structures.

Hard-ground banks: Some of the banks have formed on hard-
grounds where the sea floor is locally sandier and provides a
suitable substrate for reef growth. These hard ground banks are
usually associated with slight bathymetric highs such as fault
scarps on the seafloor. Baker, South Baker, and Hospital Banks
are examples of these type of structures

Two classes of shelf bathymetric highs
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Salt supported banks
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Salt has many unusual properties that make it behave differently than

the sand, silt, and clays that are deposited in the northern Gulf of
Mexico. The two major properties are:

Density — At about 4,000’ and deeper, salt becomes considerably less
dense than the surrounding sediments and begins to become
buoyant. This density contrast increases with depth and can cause

large volumes of salt to move upward in zones of weakness in the
overlying sediments.

Strength — Salt deforms in a plastic flow when put under pressure. Salt
flows upward along faults and weak zones in the overlying
sediments of the Gulf of Mexico. Near the surface, it becomes

brittle and is able to rise up above the surrounding surface forming
bathymetric highs or banks.

The importance of salt
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Bathymetry and subsurface analysis of
East & West Flower Garden Banks
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Two major deltas dominated the western Gulf of Mexico shelf during
the end of the last glacial period (late Wisconsin). The Brazos and
the Trinity rivers merged and formed the Brazos - Trinity delta.
This delta was smaller and occupied a position just to the west of
the much larger late Pleistocene Mississippi delta.

The Mississippi river had migrated to a far western position at the end
of the last glacial period and deposited a much larger delta that
caused the shelf break to bulge out over the continental slope. The
great weight of the sediments deposited by these deltas started a
new period of salt movement (tectonics) in this area, causing salt
domes to move upward in response to the loading from the
sediments

The Flower Gardens are located in deeper water near the shelf edge. A
closer look at the ocean bottom can reveal several key factors in
their formation.

Northwest Gulf of Mexico shelf and slope setting
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The Flower Gardens are located in an unique setting. They are in
deeper water (540’) but their crests rise to a depth of 60°’. This
depth difference means that at the height of the last Wisconsin
glaciation, the dome flanks were still submerged. The rising sea
level flooded the exposed shelf with a huge weight of water and
initiated a new period of upwelling in the salt. The dome grew,
following the rising sea level upward. The rising dome kept the
corals that have colonized the crest in the photic zone.

In addition, the deeper water provides a more reliable pool of warm
water to sustain the true corals throughout the winter. This has led
to the formation of the reefs of true corals on the crests of these
domes.

Flower Gardens history and morphology
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Sand flat
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Flower Garden Banks low stand paleogeomorphology
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 Central question: What did the Flower Garden Banks look like
during the last low-stand?

— Edwards 1971 dissertation shows a high relief structure
surrounded by a lagoon

— The Banks currently have approximately 340’ of relief

— Modern sub-aerially exposed domes show a maximum relief of
approximately 100’ (Iran) and approximately 75’ along the Gulf
Coast

— The low relief is due to susceptibility to weathering
— East & West Flower Garden Banks also probably had 75’ of relief
during low-stand
« Conclusion: The Flower Garden salt stocks have undergone
sudden, post low-stand, growth periods in response to loading
from shelf edge delta loading and rapid sea level rise
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Bathymetry and subsurface analysis of Stetson Bank
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Stetson Bank is located well landward of the Continental shelf — slope
break within the Gulf of Mexico continental shelf. It is surrounded
by a relatively flat and featureless ocean bottom that was modified
by wave action that has obliterated all but the most recent seafloor
processes.
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Gulf of Mexico

Stetson Bank Flower Gardens continental shelf
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Stetson Bank has been highly modified by wave action as the sea level
rose over the past 20,000 years. At one point (~12,500 years ago),
the old coastline was located at Stetson Bank. The erosive action
of waves flattened any pre-existing topography in this area.

The next several slides show estimates of the timing for these
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Extensional faulting Horst block on top of dome
Salt core of dome on top of dome (very similar to Stetson Bank)  Salt core of dome
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Bathymetry and subsurface analysis of Alderdice Bank, Gulf
of Mexico
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Alderdice Bank bathymetry animation
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This part of the salt stock Alderdice bank is
nearly reaches the surface formed by the up-ward
and forms the support for movement of a large
Alderdice bank mass of salt that
extends down
thousands of feet below
the water bottom

Shaded relief map on the
top of the salt mass.
Interpretation from 3D
seismic data

Alderdice Bank underlying salt stock Data courtesy of WesternGeco
Interpreted by M. Betts
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Hardground banks
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The hardground supported Gulf of Mexico banks are markedly different from the salt
supported banks. The hardground banks were formed in a dissimilar manner. They are usually
found in areas were the ocean bottom is sandier with a lower percentage of soft clays. This is
indicative of areas with stronger currents and not as much suspended load sediments (clays).
The lower percentage of clays in the ocean bottom sediments and the water column results in
thinner nephloid layers that inhibit reef colonization. These hardgrounds are often found on
slight topographic highs such as fault scarps where the slight bathymetric difference results
in additional winnowing of the clay and fine silt fraction by currents. Reef colonization can
occur in these conditions when the right combination of depth, suitable substrate,
temperature, and turbidity occur. These conditions have often been present in the offshore
Texas area and several banks have formed there. These include:
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One of the major differences of the hardground supported banks is their sole reliance on the
up-building by the reef organisms to keep up with the rising sea level. In salt supported banks,
the salt can be pushed up hundreds of feet in response to the rapid addition of weight on top
of the shelf from the increasing mass of sea water as sea level rises. The rising salt has the
effect of keeping the reef within the active photic zone.

The hardground banks, on the other hand, have had little uplift other than the bathymetric
changes resulting from reef growth. This growth was not vigorous enough to keep up with the
rising sea level. The reefs have undergone a gradual transition from shallow water
environment to deeper water environment.
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Comparison of modern reefs to late Oligocene
Heterostegina reefs
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Conclusions

 Two types of banks: salt supported and hard ground

— Salt supported banks
* very recent — post low-stand
« very active and continue to evolve
» Salt can be deep or at surface
— Hard ground supported banks
« Banks evolved differently from salt supported banks
* Not able to keep up with rise in sea level
* More stable




