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CHAPTER |
| NTRODUCT| ON

J. LeBlanc

STUDI ES

This report was prepared to satisfy the tasks specified in the
U .S Departnment of the Interior (DO 1} , Bureau of Land Management (BLM)
Contract #A As551-CTg8-35. The contract was awarded in August 1978 to
Texas A&M University (TAMU) through the Texas A&M Research Foundation
(TAMRF) . Subcontracts were subsequently awarded to the University of
Al abama at Birm ngham (UAB) , Dauphin Island Marine Laboratory; the Uni-
versity of Texas at Austin (UTA), U.T. Marine Science Institute
(UTMS! ) ; the University of South Florida (USF) at Tanpa; and several
private service organizations including LGL, Inc., Oceanonics, Inc.,
Sealfleet Qperations, Inc. , and Lorac Service Corp.

The nmain purpose of the study was to gather data from selected
areas and topographic features in the Qulf of Mexico, and then reduce,
map, analyze, synthesize, integrate, and report findings and concl u-
si ons. Geol ogical, chemcal, physical, geophysical, and biol ogical
oceanographi ¢ data were collected fromthe Florida Mddle Gound (off
the west Florida coast) and from twel ve topographic features off the
Loui si ana- Texas coast: Alderdice, Applebaum, Coffee Lunp, Diaphus,

Elvers, East Flower Garden, Fishnet, Geyer, Jakkula, Rezak-Sidner, st
FIl oner Garden, and 32 Fathom Banks.

This report presents the findings of the work perforned during the

period August 1978 to Novenber 1980 and extends the efforts begun in
1961 by researchers from TAMU on a cruise to the West Fl ower rden

Bank conducted by R Rezak on the RV HIDALGO.

[n previous BLM-funded studies, beginning in 1974, TAMJ ocean-
ographers characterized the geol ogy and biol ogy of 28 banks in the
north western Gulf of Mexico. The present study adds eight banks to
this |ist and provides additional information on four banks previously
studied:  Appl ebaum (previously called Little Sister), 32 Fathom and
the East and West Fl ower Garden Banks.

Descriptive reconnai ssance studies were conpleted in 1978 for
the Florida Mddle Gound and Alderdice, Applebaum, Cof fee Lunp, Dia-
phus, Elvers, East Flower Garden, Fishnet, Gever, Jakkula, Rezak -
Sidner, West Flower Garden, and 32 Fathom Banks. These studies as-
sessed the geology and biology of the banks as observed from the sub-
mersi bl e DRV DIAPHUS, In addition, a variety of special studies were
conducted at Alderdice, Coffee Lump, Diaphus, East and West Flower Gar-
den, Fishnet, and Jakkula Banks. Chem cal analysis of sedinents for
trace netals, high nolecular weight hydrocarbons, Delta C 13, and total
organi c carbon was conducted for Coffee Lunp and the East and West
Fl ower Garden Banks. At the East and West Flower Garden Banks, chem
ical analysis of Spondylus and certain fish species for trace



metal s and high nol ecul ar wei ght hydrocarbons was al so undertaken.
Studv of the size distribution and mneralogy of the surrounding sedi-
ments was done at Alderdice, Applebaum, Coffee Lump., Diaphus, East
lower Garden, Fishnet, Jakkula, and 32 Fathom Banks. Chemical analy-
ses of the water colum for nutrients, dissolved oxygen, and low molec-
ular wei ght hydrocarbons were done at the East and West Fl ower Garden
Banks.  The study of the distribution of reworked fossil coccoliths on
the South Texas Quter Continental Shelf, initiated during 1976 under
BLM Contract #A A550-CT6-18, was continued.

The East Flower Garden Mnitoring study was continued and resulted
in data in the follow ng areas: coral and coral line algae population
estimates; growh and nortality of hermatypic corals; recruitnent and
early growmth of corals; coelenterate |arvae and other zoopl ankton;

| eafy al gae popul ations; and the brine seep.

Studies at the West Flower Garden Bank included mapping, hydro-
carbon analysis, and nonitoring. The new nmaps ( generated through nore
sophi sticated techniques than were previously available) and the re-
sults of hydrocarbon analysis are reported herein. The noni toring
study, identical to that at ‘the East Flower Garden Bank, was initiated
under the present contract, but reports on these studies were earmarked
for BLM Contract #AA851-CT0-25.

This report is organized in six volumes. Volunme One includes a
chapter on program managenment, special chapters on geol ogical, biolog-
ical, and hydrographic studies, and a sunmary and reconmendations chap-
ter.  Volume Two contains a general nethods chapter and chapters on
chem cal analyses and the fossil coccolith study. Volune Three is de-
voted entirely to the East and West Flower Garden Banks, and Vol une
Four reports the geol ogi cal and biol ogi cal characterization of ten
other banks in the northern Qulf of Mexico, each one conprising a sep-
arate chapter. Volunme Five includes all data fromthe Florida Mddle
G ound study, including methods, mapping, physical and chenical ocean-
ography, geology, and biology. The last volume is an Executive Summary

Report.

BACKGROUND

The U S. Departnent of the Interior has been mandated by federal

statutes to conduct critical or information gathering studies in waters
adj acent to the continent. The information from such studies is used

to make policy and managenent decisions on oil and gas related activi-
ties in the open waters. The O fice of Managenent and Budget (OMB) has
a priority systemto rank all mandated and/or critical studies, and the
CGovernment Accounting Office (GAO oversees the expenditure of funds
approved by the United States Congress. The Bureau of Land Management,
U S. Ceol ogical Survey (USGS), and others are responsible for the DO I

st udi es.

The Department of Transportation (DOT) has been mandated other
sea-related responsibilities handled by the U S Coast Guard (USCG) .
| -he Environnental Protection Agency (EPA), Departnent of Commrerce
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(DOC) , Departnment of Defense (DOD) , and others have al so been mandat ed
responsibilities related to pollution, marine environments, and marine
resour ces. These nmandated responsibilities are sonetinmes overlapping
and have affected progress in sone marine studies.

The relevant public laws, acts, or orders include:

Cean Air Act of 1963, 42 USC 1857 et seq., PL 88-206 (Agency:
EPA); amended: 1966, 42 USC 1857c, 18571, PL 89-675; 1970, 42 USC
1857b et _seq. , PL 91-604; 1977, 42 USC 7401 et seq. , PL 95-95.

EPA) Clean Water Act of 1977, 33 USC 1251 et seq. , PL 94-217 (Agency:

Coastal Zone Management Act of 1972, 16 USC 1451 et seq., PL 92-
583 (Agency: DOC, National OCceanographic and Atmospheric Agency
[NOAA] , and Office of Coastal Zone Managenment [OCZM]); amended: 1976,
16 USC 1451, 1453 et seq., PL 94-370.

)Deepwater Port Act of .1974, 33 USC 1501, PL 93-627 (Agency: DCC,
NOAA) .

Endangered Species Act of 1973, 16 USC 1531-43, PL 93-205 (Agency:
DO, Fish and Wldlife Service [FWS]; and DOC, National Marine Fish-

eries Service [NWFS] ).

Environmental Quality inprovenent Act of 1970, 42 USC 4371 et
seq. , PL 91-224 (Agency: EPA).

Federal Water Pollution Control Act of 1960, 33 USC 1251 et seq.,
PL 92-500 (Agency: EPA); amended: 1961, 33 UsC 466 et _seq., pL 8/-88;
1972, 33 USC 1251 et seq., PL 92-500.

Fi shery Conservation and Management Act of 1976, 16 USC 1801- 1883,
PL 94-265 (Agency: DOC, Regional Fishery Managenent Councils; DOT,

USCQG).

Land and Water Conservation Fund Act of 1965, PL88-578, 16 USC
460d, 4601-4 et seq. (Agency: DA, FWS).

Marine Manmal Protection Act of 1972, 16 USC 1361 et seq. , PL 92-
522 (Agency: Marine Manmal Conmission; DO, FWS, DOC, NMFS).

Marine Protection, Research, and Sanctuaries Act of 1972, 33 USC
1401 et seq. , PL 92-532 (Agency: EPA).

Marine Resources and Engineering Devel opment Act of 1966, 33 USC
1101 et seq. , PL 89-454 (Agency: National Council on Marine Resources
& Engi neering Devel opment; Conmission on Marine Science, Engineering &
Resour ces)

National Environnental Policy Act of 1969, 42 USC 4321 et seq., FL
91-190 (Agency: Council on Environmental Quality [CEQ]).




Natural Cas Act [Enmergency), PL 95-2, 91 stat. 4 (Agency: Federal
Energy Regul atory Conmi ssion [FERC] ).

Nat ural Gas Act (Hinshaw) , 15 USC 717, 68 stat. 36 (Agency:
FERC).

Natural Gas Policy Act of 1978, 92 stat. 3350, PL 95-621 (Agency:
FERC).

National Historic Preservation Act of 1966, 80 stat. 915 (Agency:
Advi sory Council on Historic Preservation; USGS); amended: 16 USC 470
et seq. , PL 89-665.

Natural Cas Pipeline Safety Act of 1968, 49 USC 1671 et _seq. , PL
90- 481 (Agency: DOT, Technical Pipeline Safety Standards Committee);
amended: 1976, 49 USC 1671, 1674, 1680, 1683 et seq. , PL 94-477, 1974,
49 USC 1674, 1684, PL 93-403.

Ol Pollution Act of 1961, 33 USC 1001 et seq. , PL 87-167 (Agency:
Bureau of Custons; DOT, USCG); amended: 1973, 33 USC 1001 et seqg., PL

93-1109.

Quter Continental Lands Act of 1953, 67 stat. 462 (Agency: DOI,
BLM).

Quter Continental G Shelf Lands Act of 1978, 43 USC 1331 et
seq. , PL 95-372 (Agency: DO, BLM).

Ports and Waterways Safety Act of 1972, 33 USC 1221, PL 92-340
(Agency: USCG).

In addition to the above cited acts, international agree ments have
al so been executed as a result of the 1954 international Convention for
the Prevention of Pollution of the Sea by G, the 1958 Geneva Conven-
tion on the Continental Shelf, and others. These agreenments and acts
illustrate the conplexities of actions and/or studies and the require-
ments for executive level decisions on matters related to the oil and
gas devel opment process.

Wth few exceptions, the process includes: 1) exploration by pri-
vate or public enterprises; 2) leasing by the BLM Quter Continental
Shel f (OCS) Ofice; 3] exploratory and devel opment drilling by the
| ease owner; 4) conpletion of units, and production and distribution of
hydrocarbons by |ease owner; and 5) distribution of funds as per |ease
agreenent .

During the exploration phase, survey cruises are deployed to the
proposed OCS | eased areas for gathering seismc and geol ogi cal data.
These data are reduced, processed, analyzed, and synthesized by poten-
tial |ease owners to determne the potential and economics of oil and
gas production. To exploit these resources, potential |ease owners nust
bid for the proposed areas through BLM Bidding is required before ex-
ploratory drilling can conmence on the federally owned OCS | ands.



O her requirenents must also be met, including those of BLM USGS, EPA,
DOT, and NQAA.

Once these requirenents are net, exploratory drilling can com
mence, wth an average of four exploratory wells per tract being
drilled. This exploratory process will confirmthe quantity and qual-

ity of hydrocarbons to determ ne the range and extent of the oil and
gas reservoirs and also to determne optimal |ocations for production
platforms. Then the lease owner prepares and submts devel opment plans
to the USGS and other agencies to determne conpliance with safety and
environmental specifications. These plans are approved, production
platforns are enplaced, and production drilling conmences, with the
nunber of platforns and wells Per tract dependent on the reservoirs.
Normal |y, the |ease owner will build two platforms and drill up to
forty wells per tract (personal conmmunication).

BLM is responsible for obtaining biological, geological, ecolog-
ical, and other data for preparing an Environmental |npact Statenent
(EIS) prior to awarding a |ease. The specific requirements of the
af orementioned acts are considered in determning the type, quality,
and quantity of data and information necessary. Al required data that
are not readily available nust be collected, reduced, analyzed, and
synt hesi zed into meaningful information. This information is subse-
quently used to make policy and managenent decisions on OCS natters.






CHAPTER 11
PROGRAM  MANAGEMENT

J. LeBlanc

| NTRODUCTI ON

Project and data managenent. on this contract have been directly
supervi sed bv the rogram Manager, who is, in the words of the con-
tract, responsible for“the admmistrative. _|.og| stical, financial, and
scientific’ work efforts and who hol ds "sufficient authority to insure
the tinely, efficient, and conpetent acconplishment of all work. " The
Program Manager has worked directly with the two Technical Directors,
one geol ogi cal and one biological, as well as with all Principal Inves-

tigators (Pls) in satisfying the tasks or itens specified in the State-
nment of Wrk .

The requirements in the Statement of Wrk were specified in order
to obtain information that could be used by BLM and others in naking
policy and managenent decisions, in developing Environnental |npact
Statenents, lease stipulations, etc. , and in supporting other mandated
requirenents. For exanple, information in this report was used in Feb-
ruary 1980 at a public hearing on the Flower Gardens Marine Sanctuary,

in the €IS for |ease sales 58A, 62A, and 62 (BLM, 1979a, b), in the
draft EI'S on the Flower Gardens Marine Sanctuary (NCAA, 1979) , in the

BLM Fiscal Year Regional Studies Plan (BLM, 1978} , in the development
of EPA and NOAA nonitoring efforts, etc. Several Pis have also dis-
cussed and shared findings and inplications at professional and tech-
ni cal conferences and meetings.

The Contractor was obligated to provide all necessary |abor, na-
terial, supplies, equipnent, facilities, and services to acconplish the
specified work items. These work items were as follows:

1. Develop and operate from a program management plan.

2* Plan and conduct a field sanpling programin the northern Gulf
of Mexico and the Florida Mddle G ound.

Plan and conduct submersible studies and mapping.

Reduce, analyze, and synthesize data for the above tasks.
Manage and archive scientific data.

Prepare and submt plans, nmaps, and reports.

ook w

The Program Manager was al so responsible for planning the work
tasks and assessing and reporting to BLM the status in terns of ac-
complishments, cost, and tine. Table I |- provides a list of the plans
and reports prepared, and this final report provides the integrated ef-
forts of all contributors. The Managenent Plan provided the franework
for planning and assessing performance in terms of acconplishnents,
time, and costs. The Logistics Plan provided a simlar framework for
pl anning and assessing the field sanpling program subnersible studies,
mappi ng, and logistics. The fiscal and personnel resources, materials,



facilities, and services were planned and coordinated so as to maxim ze
results. Each Pre-Cruise Plan stated the objectives, expected results,

and resources necessary to acconplish the stated objectives.  Wthin
thirty days after each cruise, cruise reports were prepared and sub-
mtted to BLM. | n each cruise report, the planned activities were

described and all deviations fromthe Pre- Cruise Plan were docunented
and reported, wth appropriate reconmendations. Some reconmendations
were approved by BLM and incorporated as contract nodifications and
scope changes. Scope changes were also initiated by BLM. Table I!-2
provides a breakdown of all contract nodifications; all requirements
have been addressed in this report.

PROJECT  MANAGEMENT

[ ntroduction

To satisfy the requirements of the contract, the Contractor estab-
lished the BLM Program Office at TAMU and assigned the necessary re-
sources. The Program Manager was del egated the responsibilities and
authority for logistical, financial, admnistrative, and contractual
functions, as well as the responsibility for coordinating the scien-
tific work of the Pls accountable for specific tasks.

The Program Manager and TAMRF devel oped and executed subcontracts
and agreenents for services, equipnent, and naterials. The Program
Manager and the Technical Directors, in addition to having Pl responsi-
bilities, were tasked with the technical review and acceptance of de-
liverables from PI's and subcontractors.

Personnel, Contracts, and Logistics

Table 1 1-3 provides a list of Pis as well as their associates and
subcontractors. Tabl e 11-4 tabul ates contract nodifications and the
associ ated period of performance for each P] . An analysis of these two
tables tends to identify the management and |ogistics conplexities of
the contract, as amended. The original Statement of Wrk “was altered
with ten contract nodifications. Briefly, the requirenents in these
nodi fications were as follows.

Modi fication #1

The Contractor and the The University of Al abama {UAB) sub-
contractor were provided overrun funding to conplete the “recovery of
data and sanples fromthe Florida Mddl e G ound. Thei r scheduled
cruise had first been delayed by subcontract negotiations, and when the
cruise did get underway, bad weather prevented acconplishnent of two-
thirds of the planned work.



Modification #2

The Contractor and TAMJ were provided overrun funding to conplete
the recovery of data and sanples from the East Flower Garden Bank and
other  banks. Wrk had been delayed by bad weather.

Modification #3

BLM extended the scope of the contract to include additional work
at the East and West Flower Garden Banks. TAMU was required to conduct
a subnersible and SCUBA diving cruise, collect seasonal data and sam
ples fromthe two banks, and map the West Flower Garden Bank. Only
East Flower Garden data were to be interpreted and included in the pre-
sent final report. \est Flower Garden” data were to be interpreted and
reported on the succeeding contract (i.e. , #A A851-CT0-25) .

Modification #4

BLM extended the scope of work to include collection and analysis
of post- IXTOC sedinent sanples at the East and West Flower Garden
Banks.

Modi fication #5

The Contractor and TAMJ were provided overrun funding to conplete
the tasks added under Modifications 3 and 4. This work had been de-

layed by hazardous at nospheric and oceanographi ¢ conditions.

Modification #6

The Contractor and UAB were provided overrun funding to conplete
“the recovery of data and sanples fromthe Florida Mddle Gound. The

cruise was shortened due to Hurricane Bob, and depl oyed instruments had
to be recovered.

Modi fication #7

BLM ext ended the scope of work to include several sanpling, equip-
ment recovery, and SCUBA diving cruises for the collection of seasona

data and sanmples fromthe East and West Flower Garden Banks.

Modification #8

BLM extended the scope of work to include organizing and
conducting a technical workshop in New Oleans, LA, and publishing

the proceedings of this workshop

Modification #9

BLM extended the scope of work to conpensate requirenments not pro-
perly covered in the original contract nor in  subsequent
nodi fi cations.



TABLE 11-1
REPORTS AND PLANS PREPARED FOR TAMRF &8LM
{Contract #AA551-CT8-35)

REPORT DATE REPORT DATE
MANAGEMENT PLAN Sep 78 CRUISE REPORTS
LOGISTICS PLAN Sep 78 Mapping Cruise
QUARTERLY SUMMARY REPORTS (1) 12 Aug - 4 Oct 78 2Nov 78
(1) Aug 78 - Nov 78 Jan 79 (2) 29 Jut - 4 Aug 79 5 Sep 79
(2) Dec 78 -Feb79 Mar 79 Submersible Cruises
(3) Mar 79 - Jun 79 Aug 79 (1) 26 Sep- 15 Nov 78 20 Feb 79
(4) Jut 79 -Ott 79 Dec 79 .(2) 27 Aug - 26 Ott 79 21 Nov 79
PERFORMANCE REPORT Diving Cruises
Nov 79 - Jun 80 Jun 80 (1) 28Sep - 20 Ott 78 15 Feb 79
SPECIAL REPORT (COFFEE LUMP) Jan 79 (2 15 Jan 4 Feb 79 9Mar 79
PRECRUISE PLANS (3) 26 Mar - 30 Mar 79 25 Apr 79
1st Mapping Sep 78 (4) 18 Jun - 11 Jul 79 15 Aug 79
2nd Mapping Jut 79 (5) 15 Jan - 21 Jan 80 Jan 80
Monitoring Cruises
1st Submersible Sep 78 (1) 25 Sep - 2 Oct 78 31 Ott 78
2nd Submersible Aug 79 (20 7 Feb 14 Feb 79 9 Mar 79
(3) 28 May - 4 Jun 79 29 Jun 79
1st Diving Sep 78 (4) 27 Aug - 31 Aug 79 28 Sep 79
2nd Diving Dec 78 Seasonal Cruises
3rd Diving Mar 79 (1) 11 - 18 Jan 79 13 Feb 79
4th Diving May 79 (2) 18 - 30 Apr 79 28 May 79
5th Diving Dec 79 B 9 -19J4ul 79 5 Sep 79
Retrieval Cruise
1st Monitoring Sep 78 (1) 31 May 3 Jun 79 13 Jun 79
2nd Monitoring Jan 79 Summer Cruise
3rd Monitoring Apr 79 (1) 18 Jun - 28 Jun 79 5 Sep 79
4th Monitoring Jul 79 PROCEEDINGS: GULF OF
MEXICO INFORMATION
1st Seasonal Dec 78 TRANSFER MEETING
2nd Seasonal Mar 79 (12-13 May 80) Oct 80
3rd Seasonal May 79
Summer Sampling May 79
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TABLE 11-2
BREAKDOWN OF CONTRACT MODIFICATION (03 STS/DESCRIPTION)
(BLM-TAMRF Contract #AA551-CT8-35)

Document Initiator Description Effective Date Amount Subtotals
Contract Contract let 26 Aug 78 5 Aug 78 $1,919,563 $1,919,563
#AA551-CT8~35
Mod. 1. unB ¥ (a) Overrun funding (weather) 17 Mar 79 11,290 1,930,853

(b) Extend period of performance to Feb 80
Mod. 2. TAMU Overrun funding (weather) 28 Jun 79 139,198 2,070,051 -
Mode 3. BLM (a) Add a 79 summer monitoring cruise to EFG/WFG 13 Jul 79 397,558 2,467,609

(b) Extend period of performance to May 80
Mod. 4 . BLM (a) Add sample collection for HMWHanalysis 30 Aug 79 50,330 2,517,939

(b) Redirect funds from Mod 2 -24,990 2,492,949
Mods 5, TAMU Overrun funding (weather) 28 Sep 79 108,444 2,601,393
Mod, 6. UAB* Overrun funding (weather and equipment recovery) 2 Feb 80 38,138 2,639,531
Mode 7. BLM (@) Add funds to continue monitoring {1 Dec 79 127,157 2,766,688

TAMU (b) Replace current meters

(c) Extend period of performance to Dec 80
Mod, 8. BLM Conduct workshop 1 May 80 20,808 2,787,496
Mode 9O . TAMU Corrections to original contract and Mod. 3 28 Sep 80 73,958 2,861,454
Mod. 10, TAMU Transmission of STOCS data to Smithsonian Institute 1 Dec 80 4,900 2,866,354

*University of Alabama at Birmingham Subcontract #L800166

ol
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Table 11-3
P1'S, ASSOCIATES, AND SUBCONTRACTORS

Texas A& University (TAMU), College Station, TX
a. Joseph U. LeBlanc, P.E., C.,D.P., Program Manager
(Rose Norman, Ph.D., Associate)
b. Richard Rezak, Ph.D., Pl and Co-Technical Director
c. Thomas J. Bright , PphD, PI and Co-Technical Director
de CsS.Giam, Ph.D., Pl (Subcontractor)
(Grace Neff, Ph.D., Associate)
e. StefanGartner, Ph.D., PI
f. Thomas Hilde, Ph.D., PI
(George Sharman, Ph.D., Associate)
g. David W. McGrail, Ph.D., PI
(Doyle Home, Associate)
h. Bobby J. Presley, Ph.D., PI
(Paul Boothe, Ph.D., Associate)

University of Texas Marine Science Institute (UTMSI), Port Aransas,
“TX, Subcontract #Lso0167
a. Patrick Parker, Ph.D., n
(Dan Boatwright, Associate)
b. Richard Scafan, Ph.D., PI
c. Kenneth Winters, Ph.D., Pl

University of Alabama at Birmingham (UAB), Dauphin Island Sea
Laboratory {(DISL), Mobile, AL, Subcontract #.800166

a. Thomas Hopkins, Ph.D., PI
b. W.W. Schroeder, Ph.D., PI

University of South Florida (USF), Dept. of Marine Science, Tampa,
FL, Subcontract #.800165

a. Larry Doyle, Ph.D., Pi

b. John Steinmetz, Ph.D., PI

LGL Ecological Research Associates, Bryan, TX, Subcontract #L800137
Benny Gallaway, Ph.D., President

Greg Boland, Diving Scientist

Larry R Martin, Diving Scientist

o o

Oceanonics,Inc. (01), Houston, TX, P.0.#P36189
a. Jack O. Hill, President

b. Lou Andrus, Marine Operations

¢, Thomas Sellers, Hydrologist

Sea Ifleet Operators, Inc. (S01}, Galveston, TX, Subcontract #L800164
a. John Bissell, President

Lorac Service Corp., (LORAC), Houston, TX, P.0,#P36846
a. Max Huff, President
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TABLE I1-4

CHANGES IN PERIOD OF PERFORMANCE
(TAMRF-BLM CONTRACT AA551-CT8-35)

Final

Period of
P1 s/co-Pi s Contract Modifications Changing Scope Performance,

1 2 3 4 5 6 -7 8 9 10 Aug 78 to

Bright, T.d. X X X X X X Mar 81
Doyle, L. X X Mar 81
Gartner, S. X Aug 80
Giam, C.S. Feb 80
Hopkins, T. X X X X Mar 81
Hilde, T. X X Mar 81
LeBlanc, J.U. X X X X X X X X X X Mar 81
McGrail, D.W. X X X X X X X X Mar 81
Parker, P. X X Aug 80
Presley, Bsde X X Aug 80
Rezak, R. X X X X X X X Mar 81
Scalan, R X X Aug 80
Schroeder, W. X X X Mar 81
Stetnmetz, J. X X Mar 81
Winters, K. X X Aug 80
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Modi fication #10

The Contractor was provided funding for transmssion of STOCS data
to the Smthsonian Institute.

Servi ces Provided by Subcontractors
(Table I1-3]

Chem stry

The researchers fromthe University of Texas perforned the analy-
sis of sedinments for high nol ecul ar wei ght hydrocarbons, Delta C 13,
and total organic carbon.  The Environnental Service Section of the
TAMJ Department of Chem stry performed analysis of_Spondylus and macro-
nekton sanmples for high molecul ar weight hydrocarbons. (Trace netals
anal ysis of Spondylus and sedinents was not subcontracted, but handl ed

through a Pl in the Chenmical Cceanography Section of the TAM y Depart-
ment of QOceanography. )

Bi ol ogy

L&, Inc. , Bryan, TX, conducted all four biological nonitoring
cruises to the East and West Flower Garden Banks and assisted in the
experimental design of the monitoring studies.

Map pi ng

Qceanonics, Inc., Houston, TX, collected bathynetric, seismc, and
other geophysical data, and delivered the bathynetric nmaps of the Nor-
thern Mddle Gound and the nine northern Gulf of Mxico banks. Pls at

TAMJ prepared the seafloor roughness, structure, and other pertinent
geol ogi cal maps.

Florida Mddle G ound

Bi ol ogi cal and geological studies at the Florida Mddle Gound
were handl ed through two subcontractors. Scientists at the University
of Al abama at Birm ngham Dauphin |sland Sea Laboratory, were tasked
wi th biological reconnaissance and sanpling, and conducted all cruises
to the Florida Mddle Gound. Analysis of geological sanples was han-
dled by scientists in the Marine Science Department, University of
South Florida. These two subcontractors collaborated in the synthesis
of findings. TAMU supported the characterization efforts by nobilizing
the MV RED SEAL and the DRV D IAPHUS for deep subnersible operations.
TAWMJ al so prepared the geol ogi cal maps. UAB took responsibility for
reporting the integrated work efforts at the Florida Mddle G ound.

Cr ui ses

To support the acquisition of geological and biological data,
fourteen vessels were leased in connection with eighteen cruises (see
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Tabl e II,-S?] . For TAMU cruises, the nobilization of each vessel was
acconpl i shed at the docks at TAMU Marine Qperations, TAM U Gal veston,
Pelican Island, TX Local wel ders, plunbers, and electricians, to-
gether with TAMU technicians, provided the necessary services. O her
facilities in Galveston were used when necessary to satisfy nmobiliza-
tion and |ogistical requirenents. Florida Mddle Gound cruises were
mobi | i zed by the University of A abama subcontractor.

Speci al Equi prent

In the course of the contract, special equipnent was obtained from
a variety of vendors. N ne current neters, Mde! 550, were obtained
from Hydro Products, Inc. , San Diego, CA Six LED transm ssonmeters
were obtained from Sea Tech, Corvallis, OR to be integrated with the
current meters (see Volume Two, Chapter VIII.

Ti ne, Funds, Space

The period of performance for all work tasks was originally nego-
tiated at eighteen nonths, ending in February 1980. FoOrce majeure,
changes in the scope of work, and other proposed changes extended the
period of performance for some of the work tasks to March 1981 (Table
11-4, above). These changes increased the funding by approxinately
49% .

The BLM Program O fice was established in the Qceanography and
Met eorol ogy building at TAMU Space was al located for professional,
technical, admnistrative, and support personnel. Data, records, and
sanmples were stored and processed in the various |aboratories on the
TAMU canpus. The analytical processes leading to the integration and
synthesis of data into meaningful information were also perforned in
these | aboratories. The facilities include the follow ng:

Atom c Absorption Laboratory Geophysi cal Laboratory
Cartographic Services Unit Hydr ocarbon Chem cal Anal ytical
Center for Geodynamics Laboratories
Center for Sedimentology Hydrol ogy Laboratory
Center for Trace Characterization MV GYRE
Data Processing Center with Amdahl Machi ne Shop
470 V-6 System Mar ine Qperations Center
DRV DIAPH US Nucl ear Science Center
El ectron M croscopy Laboratory Phot ographi ¢ Laboratory
El ectroni c Technician Shop Rudder Meeting Center
Gas Chronat ography- Mass Spectronony Sedimentology Laboratory
Laboratory X-Ray Diffraction Laboratory

DATA MANAGEMENT

1 ntroduction

The managenent and processing of information and data are critical
to overall performance in a contract. The data on this contract have
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SUMMARY OF CRUISES
CRUISE DATES AT SEA SHIP SITE CHIEF SCIENTIST REPORT DATE
Ist Mapping Leg 1 12 Aug-29 Aug 78 JOYRO FMG Rezak .
Leg 2 30 Aug-16 Sep 78 JOYRO FMG Hilde 2 Nov 78
Leg 3 17 Sep- 4 Ott 78 JOYRO NW Gulf Rezak
2nd Mapping 29 Jul=- 4 Aug 79 PROTON WFG Rezak 5 Sep 79
Tst Submersible Leg 1 26 Sep-20 Oftt 78 G'RE OOF/EFG Bright
Leg 2 4 Ott- 8 Ott 78 GYRE EFG McGrail 20 Feb 79
Leg 3 9 Ott-25 Ott 78 GYRE 11 banks Rezak, Bright
Leg 4 4 Nov-13 Nov78 RED SEAL FMG Hopklns
2nd Submersible Leg t 5 Sep~18 Sep 79 BLACK SEAL EFG/WFG Rezak, McGratl
&Boundary Layer Leg 2 21 Sep-28 Sep 79 BLAXX SEAL EFG/WFG Bright 21 Nov 79
Leg 3 12 Oct-21 Ott 79 ROSS SEAL EFG/WFG Rezak, Home
ist Monitoring 25 Sep- 2 Ott 78 TONYA & JOE EFG Martin (LGL) . 31 Ott 78
2nd  Monitoring 7 Feb-14Feb 79 TONYA & JOE EFG Martin (LGL) 9Mar 79
3rd Monitoring 28 May- 4 Jun 79 TONYA & JOE EFG Martin (LGL) 29 Jun 79
4th Monitoring 27 Aug-31 Aug 79 TONYA & JOE EFG Martin (LGL) 28 Sep 79
1st Diving 28 Sep-20 Ott 78 BELLOWS MG Hopkins 15 Feb 79
2nd Diving 15 Jan- 4 Feb79 BELLOWS FMG Hopkins 9 Mar 79
3rd Diving 26 Mar-30 Mar 79 ROUNSEFELL FMG Hopk ns 25 Apr 79
4th Diving 19 Jun-11dut 79 BELLOWS FMG Hopkins 15 Aug 79
5th Diving 15 Jan-21 Jan 80 ROUNSEFELL FMG Lutz 3 Jan 80
1st Seasonal 11 Jan-18 Jan 79 BERING SEAL EFG Home 13 Feb 79
2nd Seasonal 18 Apr-30 Apr 79 MEDITERRANEAN SEAL EFG McGrail 28 May 79
3rd Seasonal 6 Jul-19Jul 79 BERING SEAL EFG Home
Summer Sampling 18 Jun~-28 Jun 79 BERING SEAL 6 banks Rezak 5 Sep 79
Current Meter 31 May- 3 Jun 79 PETE & SUE EFG Barrow 13 Jun 79
Retrieval
Recovery/Deployment/ Leg1 7 Dec 79 GYRE EFG/WFG Barrow
Monitoring Leg 2 16 Dec 79 INVADER EFG/WFG McGrai |
Leg 3 15 Feb=23 Feb 80 BERING SEAHORSE EFG/MFG Viada May 80
Leg4 17 Apr-18Apr80 COLD HARBOR aborted Home
Leg 5 22 Apr-25 Apr 80 GYRE EFG/WFG Home
® ® ® ® ° ®

1
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been vol um nous and technical (e.g. , integrated current neter and
transmssoneter tine series data), conplicated (e. g., biological data),
and crucial (e. g., bathynetric data) . The functions associated with

the managenent of data have included: total system planning, data and
sanpl e collection, data reduction, data and sanple analysis, data inte-
gration and synthesis, data evaluation and reporting, and data base
generation and archiving. Once the data and sanples were processed by
the Pls, scientific techniques were applied, and, in a cognitive man-
ner, data were integrated and synthesized into meaningful information
for this report.

Dat a Manager

The functions and responsibilities of the data manager were many-
fold, including the follow ng:

1. Assisting Pls with data and information requirenments

2. Defining requirements associated with collection, reduction,

analysis, reporting, quality and inventory control, man-
machine interfaces, data integration and synthesis, and data
base structures for processing and archiving data.

3. Mnaging the digitizing of data and preparing acceptable tab-
ular and graphical representations of analytical data.

4, Integrating data bases and preparing support conputer programs
and ot her software.

5. Assisting the Program Manager and Pls in sel ecting hardware,
software,” and firmare. *

6. Verifying the data bases and archiving themin the NOAA En-
vironnental Data Information System (e.g. , NODC and NGSTDC

formats).

These functions illustrate the need for total information system plan-
ning so that conponents can be nonitored and evaluated. The system
conponents started with the field sanpling efforts and culmnated with
reports and correct data bases.

Dat a/ Sanpl e Col | ection

To satisfy the field sanpling program vessels were nobilized and
depl oyed to collect sanples and data. There were five types of data
col lection cruises: mappi ng, submersible, nonitoring, seasonal sam
pling, and diving.

*"Firmware™ refers to hardware conputer prograns.
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Fi el d Mapping Tasks

_The field mapping effort consisted of collecting seismc, geo-
physical, and bathynetric .data to prepare maps of niné banks and the

Northern Mddle Gound area. Lorac Service Corp. provided precision
navigation, and Oceanonics, Inc. provided the vessel and survey equip-
ment” under fixed price subcontracts. While perforning the work tasks,

several problens were encountered and were reported in cruise reports.

Subnersi bl e Tasks

The subnersible tasks consisted of collecting data and sanples in
deep waters. The TAMJ subnersible DRV DIAPHUS was used to collect
phot ographi ¢ and audi o-vi deo data and geol ogi cal and bi ol ogi cal sanples
(i.e., Spondylus, rocks, sedinents, etc. ) . Water colum data were also
collected to help characterize the banks.

Scientists from TAMU col | ected geol ogi cal and biol ogi cal data and

sanmples fromeight northern Qulf of Mexico banks, and scientists from
UAB and USF col | ected data and sanples fromthe Florida Middle G ound.

Monitoring Tasks

The nonitoring tasks consisted of seasonal SCUBA cruises to the
Florida Mddle Gound and the East and West Flower Garden Banks to col -
| ect biological sanples and photographic data and to service station
instrunents and arrays. These tasks are described fully with the data

and/or sanple inventories in later chapters.

Seasonal Sampling

Sanpling for geological, biological, chenical, and h ydrographic
oceanographi ¢ data was acconplished on cruises to the East Flower Gar-
den Bank, during three seasons: fall, winter, and spring/sumrer. To
conduct required water colum and bottom sedi nent sanpling at Coffee
Lunp, Fishnet, Diaphus, Jakkula, and Alderdice Banks, a summer sanpling
crui se -was conbined with the third seasonal cruise.

Diving at the Florida Mddle Gound

Intensive sanpling and observational activities were conducted on
four SCUBA diving cruises to the Florida Mddle Gound. Diving activi-
ties involved collection of biological sanples and photographic data,
as well as installation and servicing of instruments.

Sanpl e Anal ysis

Sanples were transferred to appropriate |aboratories for analysis.
The Spondylus were delivered to the TAMJ Trace Metal Analytical Labor-
atory for analysis by Drs. Bobby Presley and Paul Boothe and to the
TAMJ HWH Anal ytical Laboratories for analysis by Drs. C.S. Gam and
G ace Neff. Sedinents were delivered to the TAMJ | aboratory for
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textural and mineral ogy analysis by Dr. Richard Rezak and to the Uni-
versity of Texas Marine Science Institute for HMWH, Delta-C 13, and

total organic carbon analysis by Drs. Partick Parker., Kenneth Wnters,
R. Scalan, and Dan Boatright. Water sanples were analyzed at TAM U by
Dr. Janes Brooks.

The anal ytical data were documented and delivered to the Program
Office for inclusion in this report.

Dat a Analvsis

Pls. were individually responsible for the analysis of data in
their field of specialization. Techni ques were applied and computer-
i zed where applicable so as to process the volume-of data and arrive at
meani ngful graphic or tabular data. Sone of the conputerized tech-
niques i ncl ude:

Cartographic Projection/Gid Report Generator Program
Pr ogr ans Rotary Spectral Analysis
Current Meter Data Analysis Spectral Analysis
Gausian-Cascading Butter worth Filter Standard Fourier Fast Tranform
Analysis Standard Statistical Analysis
Gain Size Analysis Tine Series Analysis
G aphics and Plotting Prograns Variance Tensor Analysis

The TAMJ Data Processing Center and other conputer facilities were
used in the reduction, analysis, and reporting processes. These pro-

cedures are described in the appropriate chapters of this report.

Data Synthesis and Integration

Pls analyzed the data in their respective areas, synthesized, and
integrated the results, and then prepared Pi Reports. This information
was collected and interpreted by the Technical Directors to character-
ize the areas and banks.

The Florida Mddle Gound characterization was directed by UAB,
and the characterization of banks in the northern Qulf of Mexico was
performed by TAMU.

Data Archiving

Once digitized and anaiyzed, the data were placed on nagnetic
tapes and/or mcrofilmed and mailed to the NOAA ED IS in an appropriate

format.  Analog records were mcrofilnmed to enhance the life of the
dat a.

Data and information Reporting

Table ii-1 (above) provides a conplete list of documents prepared
in this contract. Managenent plans provided the framework for report-
ing. Progress reports provided data and information for the COAR and
Contract inspector to nonitor the work efforts and provi de feedback
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to the Program Manager and Pls. The progress reviews were held on
schedule with positive information exchanges. Cruise reports provided

up-to-the-ninute status of the data/sanple collection efforts with rec-
onmendations as appropriate.

DI SCUSSI ON

[ ntroduction

Managenent of this nulti-nmllion dollar contract required sur-
mounting factors and variables affecting the Period of Performance and
the associated costs and Pl performance. The chief force majeure was
weat her and its impact on the data collection efforts.  Another f Or c e
majeure was the IX TOC-1 oil and gas spill and its potential effect on
the Flower Garden Banks. Part of the FY 1980 nonitoring efforts also
had to be included as an amendment to satisfy urgent 1980 requirements
underestimated costs, and delays both in releasing the Request for Pro-
posal s (RFP) and in evaluating proposals.

Contracts Admnistration

Service agreenments and subcontracts were executed during the con-
tract period, but several tasks had to be initiated prior to obtaining
fully executed subcontracts or service agreements. Such del ays coul d
be prevented with nore advance planning and sufficient lead tine to
plan and execute these docunents and actions

Federal agencies often have time, fiscal, and other constraints
i nposed on them which delay the timely award of contracts. It would be
highly desirable to have RFPs and realistic estimtes on-the-street
prior to the start of a fiscal year so as to evaluate proposals, nego-
tiate agreements, and award contracts within a reasonable time after
the start of the fiscal year. Each managenment plan, master schedul e,
sanpling plan, and |logistics plan nust be prepared, coordinated, and
accepted in a mnimmanount of time after a contract is awarded. The
time is dependent on the size of the contract, and the initial 60 days
of a contract are crucial to the efficient scheduling needed to ensure
a smooth-running project. For exanple, some of the reported problens
with the mapping tasks were traced to inadequate lead time for perform
ing the tasks and for evaluating and cerifying results. Some of the
reported problems with the submersible tasks are attributable to i nade -
quate lead tine before the cruise. Conplaints were also expressed re-
garding the slow turnaround in obtaining approvals or subcontracts.
These problems could be reduced with adequate planning tinme and suffi-
cient lead tine to order, test, and install equipment, to nobilize and
depl oy data collection efforts, to analyze sanples, and to reduce, ana-
lyze, integrate, and synthesize data. Results woul d al so be greatly
enhanced.
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Quality Control and Assurance

Al'l sanples and data were |abeled, inventoried, and processed as
per contractual requirenents. Several check points were planned to

eval uate performance of Pls and subcontractors and the quality of the
internediate products.

The bathymetric products were prepared by Oceanonics, Inc., and
control points were verified by TAMU geophysicists and cartographers.
Several errors were discovered and corrected.

Internmediate results from Pls were discussed at progress neetings
and reported in the Quarterly Summary Reports. Corrective actions were
taken and reported in Pl status reports whenever problens were identi-
fied

Anal ytical results prepared and reported by Pis were reviewed and
critiqued by the Technical Directors. Corrections were made to the re-
ports before submttal to BLM.

In the laboratories and in the field, equipment was calibrated
according to the specifications. Tasks were performed, checks made,

and appropriate corrections incorporated. As a result, the margin for
error of the data was minimzed and the quality of the information was
greatly enhanced. Planning and acconplishing quality control did, how
ever, require additional tine and effort.

Pl anni ng, Scheduling, and Coordinating

The planning and controlling functions are critical to all pro-
jects, especially one wth limted resources and with seven sub-
contractors and fourteen Pis |ocated from Texas to Florida. Requi r e-
ments were defined and del egated, tasks were planned wth successor-
predecessor relationships, expected tine to conplete the tasks was
estimated, and a schedule was prepared. Products were subsequently
prepared throughout the contract and delivered on tine.

The incremental scheduling of tasks along the critical path proved
to be very successful except for unanticipated problens encountered
with several Pl reports. Some Pls perfornmed bel ow expectation, their
work efforts were not properly coordinated, and the shortcomings i m
pacted the tine and efforts of other Pls,theTechnicalDirectors,and
the Program Manager. Qther inpacts to the period of perfornmance were
caused by changes in the scope and by force ngjeure.

Amendnents to the scope of the contract and force majeure resulted
in ten nodifications to the contract. notal | PIs were affected by
these nodifications (Table 11-4, above). The mmjor force nmjeure was
weat her, especially during the winter and fall ‘of 1979, when Several
tropical storms and hurricanes (i.e. , Bob, Claudette, David, Elena,
Frederic, Henri) caused delays in the data collection efforts. O her
force majeure included the failure of conponents in some of the de-
ployed instrunments, the |oss of deployed instruments and data; the
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| oss of navigation and bathymetric data fromthe submersible cruise,
etc. ~ These created needs for additional time, efforts, and costs,
especially to hand le the Iogistics.

Logi stics Administration

The Logistics Plan established the franework for the field |ogis-
tics. Several vendors were contacted for chartered vessels and navi-
gational services, etc. , and the nmost cost-effective alternatives were
sel ected. Effective negotiating was also used so as to obtain the
| east cost for the “best” equipnment and services. Pis were successful
in all deliberations.

RECOMMENDATI ONS

To maximze the future work efforts, mininize costs and tine, and
obtain qualitative and quantitative results, several reconmmendations

are in order. These include:

1. Assign a Program Manager wi th technical and managerial abili -
ties and with sufficient authority over the resources for ac-

complishing timely tasks.

2. Authorize the Program Manager to conmt negotiated funds and
resources for acconplishing all contractual tasks without ad-
ditional approval of the Contracting O ficer.

3 Mnimze or elinmnate duplicate efforts of federal agencies,
and allocate appropriated funds to maximze resuits.

4. Provi de realistic estimates of time and costs for
changes.

5. Use acceptable industrial engineering planning and controlling
techniques in iieu of PERT.

6, Allow a 60-day project establishment and planning period after
letting a contract.

7. Provide archived data in a timely manner so as not to delay
the efforts of Pis.

8. Place nore enphasis on data managenent be al l ocating necessary
resources for programming, analysis, archiving, etc.

9. Allow a 90-day period for analyzing data after the data have
been processed and reduced to a form usable by Pis.

10. ‘Specify for conpleting all data analysis “a period of at ieast
'60 days before the draft final report is due. ”
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12.

13.

14.

15.
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Provide timely critiques and courses of action of all plans
and reports.

Schedul e the draft Executive Summary “30 days after the draft
Final Report. ”

Prepare and schedul e intermedi ate segnents of the draft re-
ports so as to level resource requirenents

Conduct bathynetric mapping tasks at |east six nonths before
the products are required.

Submit draft report for peer review when draft is submitted to
BLM; allow sufficient review time, and provide stipends for
revi ewers
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CHAPTER 111
GEOLOGY

R Rezak

| NTRODUCT| ON

This chapter summarizes the geol ogi cal observations and data that
have been acquired on TAMU/BLM contracts since 1975. During this
period, 38 banks have been mapped at a scale of 1:12000 and a two netre
contour interval, except for those banks that have high relief and very
steep slopes (Figure 1ti-1 and Table Ill-t) . Twenty-one of these banks
have been sanmpled for sedinent analyses. Only two of the banks (East
and West Flower Garden) have been sanpled in sufficient detail to per-
mt the construction of sediment distribution naps

~ Twenty-six of the banks have been observed directly by use of sub-
nersibles. = Cbservations on these banks have been documented by video

tapes and 35 mmstill, color photos. Al video tapes (both biol ogica
and geol ogical] have been reviewed for geological content.

Si de-scan sonar data have been acquired for all 38 of the mapped
banks.  Sub-bottom seismc profiles have also been nmade for 23 of the
mapped banks. These data have been interpreted for only the eight
banks mapped under this contract.

SALT DIAPIRISM

Cenera

Salt diapirism has been a recognized feature of the northwestern
Qul f of Mexico since the early days of petroleum exploration. These
structures are not unique to the Qulf of Mexico. They are al so known
to occur in West Germany and the Mddl e East where there are thick de-
posits of bedded salt beneath younger sedinentary sequences. Wth the
devel opment of seismc reflection techniques, nuch has been |earned re-
garding the “gross structural features created by the diapirs, and a
rather volumnous literature has appeared in the published record
This literature has been mainly descriptive and deals with the occur-
rences of hydrocarbons associated with these structures.

The present study is based upon the published record, shallow
seismc reflection profiles, side-scan sonar records nade in the course
of mapping the banks described in this report, and direct observations
of diapiric structures on the seafloor from the subnersible DRV
DIAPHUS. Al of the banks mapped during the present study are situated
on the diapiric structures. [n general, these diapirs have nuch in
conmon. However, there is great variability in the details of the
physiographic and structural expression of the diapirs, apparently due
to their varying geologic histories.
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TABLE 1lI-1
SUMMARY OF BANKS STUDIED (1974-80)

CONTRACT SAMPLING OBSERVATION StDE- SUB-BOTTOM
BAN( YEAR(s) MAPPING FOR SEDIMENT FROM SCAN SEISMIC’
STUDIED CRUISE ANALYSIS SUBMERSIBLE SONAR PROFILES
Alderdice (ALD) 1978 Sep 78 X X X X%
Applebaum (APL) 1975
(Little Sister) & 78 May 75 X X X
Aransas (ARA) 1975
& 76 Nov 74 X
Baker (BAK) 1975 Ot X X X
Big Adam Rock (BAD) 1975 Nov 74 X X X
Blackfish (BLA) 1975 X X
& 76 Nov 74 X X
Bouma (BOU) 1977 May 77 X X X
Bright (BRI) 1977 May 77 X X X
Clayplile (CLA) 1976
& 77 Jun 77 X X
Coffee Lump (COF} 1978 Sep 78 X X X*% X**
Diaphus (DIA} 1978 Sep 78 X X X% Xx¥
Dream (DRE 1975 Nov 74
Jun 75 X X X
East (EAS) 1975 Nov 74 (no topographic expression)
East Flower Garden (EFG) 1975-78 Jun 75
Jul 76 X* X X X
Elvers (ELV) 1978 Sep 78 X Xx* b S
Ewing (EW!) 1977 May 77 X X X
Fishnet (FIS) 1978 Sep 78 X X X¥% xXxx
Four Rocks (4R0) 1975  May 75 (NO topographic expression)
Geyer (GEY) 1978 Sep 78 X Xx¥ X**
Hospital Rock {(HOS) 1975 1
& 76 X X X

1 Chart prepared in 1969 by Southwest Research institute - revised by TAMU 1974.
*# = Sediment distribution map constructed

** = interpreted



0 TABLE 111-1(Continued)
CONTRACT SAMPLING OBSERVATION SIDE- SUB-BOTTOM
BANK YEAR(s) MAPPING FOR SEDIMENT FROM SCAN SEISMIC
STUDIED CRUISE ANALYSIS SUBMERSIBLE SONAR PROFILES
L Jakkula (JAK) 1978 Sep 78 X X X* X%*
Little Adam Rock (LAD) 1975 Nov 74 (no topographic expression)
Mysterious (MYS} 1975 Nov 74 X
N Hospital {NHO) 1975 Nov 74 X X
[
Parker (PAR) 1977 May 77 X X X X
Rezak-Sidner (RSIH) 1978 Sep 78 X X Xe* )
Sackett (SAC) 1977 May 77 X X X X
@ Small Adam Rock (SAD) 1975 Nov 74 X
Sonnier (SON) 1977 May 77 X X X X
(Three Hickey Rock)
South Baker {SBA) 1975
376 at X X X
®
* Southern (SOU) 1975
& 76 May 75 X X X
Stetson (STE} 1975 . v s
& 76 Jul 76 X X X X
L West Flower Garden (WFG) 1978 Jul 79 xX* X X*% X
18 Fathom (18F) 1977 May 77 X X X
28 Fathom (28F) 1975 X X
76 Ot
® 28 Fathom, SW Peak 1976 Jul 76 X X X
29 Fathom (29F) 1975 Oct 74 X X
32 Fathom (32F} 1975 May 75 X X X
¥ = Sediment distribution map constructed
** = |nterpreted
[}
®
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VECHANI CS OF DIAPIRISM

During Jurassic time, the ancestral @ulf of Mexico was a slowy
subsi ding shall ow evaporite basin in which over 3,000 m of rock salt
(Louann Salt) accumulated. By Mddle-Late Jurassic time, salt deposi-
tion had ended and deposition of shallow water, nornmal marine sedinents
began. Continued deposition of marine sedinments during the Cretaceus
and Tertiary built a broad continental shelf out into the Gulf of
Mexico [Martin, 1978) burying the Louann Salt under nearly 15 km of
sediments in the vicinity of Hgh Island, Texas. Near the shelf edge,
the salt is approxinmately 10 km deep. The salt donmes of the coastal
plain and continental shelf originated as diapirs in the abyssal plain
and continental rise. They devel oped their present form as the pro-
grading weage of post-C setaceous sedinments altered the bathynmetry at
their location fromlower slope, to upper slope, to shelf depositional
envi ronments {(Amery, 1978) . As early as 1934, Nettleton denonstrated
that salt diapirs act in accordance with the laws of fluid nechanics
and that they grow as sedinments are deposited on arid around them
Humphris ( 1978) attributes the formation of sait diapirs on the conti-
nental slope to lateral salt flowage resulting from the sediment |oad-
ing on the shelf. Martin { 1978) suggests that the salt diapirs are
youngest at the Sigsbee escarpnment and nost mature on the interior
coastal plain.

The foregoing discussion is based upon seisnic surveys using w de-
|y spaced seismic lines. Cearly, the major forces acting upon the
salt diapirs are due to density differences between the salt and the
surrounding sediments. The result is an upthrusting of the diapir and
deformation of the surrounding and overlying sedinents. The surveys
conducted during the present investigation have closely spaced grids
(approx. 275 mtrack spacing and 152 m between navigation fixes on
track) , thus permtting a nore detailed assessnent of the structural
features associated with the salt diapirs.

Faulting is the most common feature associated with salt tec-
tonics, as can be readily seen on the seismc profiles in Chapters X
through Xvili .  Radial faults at the crests of diapirs are due to domal
uplift of the overlying rocks and the production of tensional stresses
during the dom ng. Movenent along these faults is probably mnimal
during the upthrusting of the salt. The central graben has been at-
tributed by some authors to the tensional stresses. However, the cen-
tral graben is a collapse feature that is fornmed by annular faults that
intersect the radial faults and occurs later in the devel opment of the
salt done. Nettleton ( 1934) attributes circular faults to the cutting
off of the supply of salt into the dome by the drop of the peripheral
sink. Beyond this stage, further growth of the donme is at the expense
of the material already within the peripheral sink, and the cross- sec-
tional area of the salt decreases. This decrease causes normal fault-

ing around the salt to fill in the space relieved of salt. Nettleton's
model does not fit the observed fault patterns associated with central
grabens at the crests of domes. 1 nstead, these patterns indicate a

col l apse of the dome over the apex of the salt diapir.
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Amery ( 1978) illustrates a crestal graben on a diapir located on
the lower continental slope. Apparently, the developnent of the
crestal graben is related to the ' relative ‘rates of sedi-mentation and
upward movenent of the salt. As the crest of the salt plug approaches -
a depth of about 300 m below the sedinent-water interface, dissolution

of salt by marine phreatic water begins.

Al so associated with the shelf edge diapirs are regional faults
that generally parallel the shelf break. These faults are gravity type
structures, probably due to a conbination of 1) crustal | oading and
basement tectonics, 2) siumping along the shelf edge as a result of
rapid sediment accunulation, 3) salt and shale flow into local struc-
tures and systems of regional extent, and 4) differential conpaction
(Martin, 1978) . The faults occur as interdomal fractures, frequently
di splacing the seaward portions of salt domes (see Vol une Four, Figures
X 11-5 and 6).

Exam nati on of the bathymetry on NOS charts NG 15-2 (Garden
Banks), NG 15-3 (Geen Canyon), NG 15-11 (Bouma Bank), and NG 15-12
(Ewi ng Bank) shows NW-SE and NE- SW lineations near the shelf break that
are accentuated by intrusions of salt. These nmay be the result of ac-
tive basement fault systens that create avenues for salt intrusion into
the overlying slope sedinents. Docunentation of one such fault is seen
on the east side of Rezak-Sidner Bank (Volume Four, Figures XV I1-3 and
4).

CRIG N OF CAP ROCK

Salt in the diapirs is a mxture of halide mnerals having varying
volubility.  The two npbst abundant minerals are halite (NaCl) and an-
hydrite (CaSO ) . As the crest of the salt diapir approaches the
sedi ment surfade (about -300 m , narine phreatic water begins to dis-
solve the nmore soluble halite and concentrate the |ess sol uble an-
hydrite. The anhydrite cap rock can attain thicknesses of several hun-
dred feet. The presence of brines and unconsolidated anhydrite sands
along the salt table of domes, the high concentration of NaClin cap-
rock waters, and the nunerous periods of brecciation evidenced by cap
rock are all evidence that cap rock has been fornmng over an extended
period of time and is still form ng (Feely and Kulp, 1957)

Brecciation of the cap rock nmay occur due to the upward novenent
of the salt or collapse of the cap rock into cavities left by the re-
moval of NaC!. During periods of active upward novenent, the salt
brecciates the cap rock and probably |eaves fragnents of it behind on
the flanks of the diapir as the salt bypasses it (Feely and Kulp,
1957) .

On the basis of geologic evidence, |imestone cap rock nust be de-
rived fromthe chenical reduction of the anhydrite cap rock. The pro-
ducts of the biochemical reduction of anhydrite include calcium car-
bonate (calcite] , ‘_Zlg' native  sulfur, pyrite (FeSZ , gypsum
(CasSO_ . 2H.0), CO and net hane. Feely and Kulp (1957] con-
ducted a séries of experiments using sul fate-reducing bpacteria
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(Desulfovibrio) and natural crude petroleumto determne the rates of
sul fur production due to reduction of CaSO4 by each agent. Their re-
sults proved that sulfate is not reduced by petroleumat salt donme tem
peratures at a sufficiently rapid rate to produce sulfur deposits such
as those of the Gulf Coast in less than 150 mllion years. Sulfate~
reduci ng bacteria, on the other hand, wll reduce sulfate at a rate

that is sufficiently rapid to produce the Gulf Coast sulfur deposits in
less than a mllion years.

EVI DENCE FOR CRESTAL COLLAPSE

CGener al

There is accunmulating evidence that normal faulting and graben
formation at the crests and on the flanks of salt donmes may be cata-
strophic in nature. Mich of the evidence is indirect, but taken to-
gether it indicates very strongly the probability of catastrophic nove-
ments on crestal faul ts. The evidence for catastrophic collapse in-
cludes 1) the East Flower Garden (EFG) brine lake, 2) the nature of
rock outcrops at the crests of domes, 3) earthquakes, and 4) changes in
coral growh rates at the East Flower Garden.

East Fl ower Garden Brine Lake -

A detailed description of the brine lake is presented in Vol ume
Three, Chapter X, and a graphic representation of the lake is shown on
Vol une Three, Figure X-C-1S. Examnation of the bathynetric chart of
the East Flower Garden (Figure I11-2) shows clearly that there is no
central collapse feature. The West Flower CGarden (WFG) has devel oped a
central graben (Figure 11 1-4) , and the bathymetry and sub-bottom pro-
files on several of the banks show |arge scale normal faulting on their .

crests.

The area of active brine seeps occurs on the southeastern flank of
the East Flower Garden, filling a small brine lake. Seisnic data indi-
cate that the top of the salt lies within 30 mof the crest of the reef
just to the northwest of the brine lake. The brine results from dis-
solution of the salt by normal nmarine phreatic water that perneates the
porous reef rock. The dense brines (about 200 00 total salinity)
then flow by gravity to the shores of the brine |ake where they emerge
fromthe porous rock. The outflow of the |ake has been calculated to
be about 864 ni/day, or 315,360 m3/year. The total amount of salt
di ssolved fromthe crest of the salt diapir over the period of a year,
as evidenced by this series of seeps, is 24,200 mi. Other seeps are
known to occur at the East Flower Garden, so this is a mnimumfigure
for the renoval of salt. One of the unknown variables is the rate of
upward flowage of the salt diapir. It seems unlikely that it is equal
to or greater than the rate of renoval of salt by dissolution. There-
fore we may expect a collapse of the crest of the bank in the not too
distant future.
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Reef and Non- Reef Qutcrops

One of the early pieces of evidence for Recent novenent al ong
crestal faults is the outcrop of basalt on Alderdice Bank (Vol ume Four
Chapter XVIIl). The extrenely thin encrustation by reef-building or-
ganisms is an indication of rather recent exposure of this rock on the
seafloor. Bare-rock outcrops occur on Sonnier and Claypile Banks, as
wel | as Geyer Bank, which has both well devel oped reefs and bare-rock
outcrops within 300 m of each other. If these rock substrates had been
exposed since Late Pleistocene tine, they would all have heavy encrus-
tations of reef-building organisms by this tine.

Eart hquakes

Several jack-up rigs and platforms have foundered in the vicinity
of salt domes. During a recent conversation with a petrol eum conpany
structural engineer, 1 was told that a platformin the vicinity of the
East Flower Garden had experienced an earthquake. The epicenter of the
quake is not known, but it is possible that it could have been at the
site of a nearby salt done.

There is evidence that the loci of upthrusting can be displaced.
On the east side of Alderdice Bank, the central graben shows evidence
of uplift (Volume Four, Figure XV iti-5¢). That figure clearly shows a
reversal in the direction of novement on the faults on either side of
the graben, as evidenced by the fault-bounded uplift of the seafl oor
over the graben. As this profile is sone distance fromthe crest of
the done, it is clear that seafloor instability due to upthrusting or
collapse is not restricted to the crest of the dome. Off-bank areas in

the wvicinity of salt donmes are also susceptible to these
instabilities

Coral Gowmh Rates

Gowh rates of Mntastrea annularis at the East Flower Garden
from 1907 through 1956 averaged 8.9 nmyear (Hudson and Robbin, 1980)
From 1957 until the present, the rate has been 7.2 mmiyear. Hudson and
Robbi n exam ned possi bl e causes of decline in growth rate, such as: 1)
conrercial shrinmping, 2) dunping of chemcal wastes (about 75 km west
of the East Flower Garden, 3) tenperature changes, and 4) air pollution
that mght reduce light levels. They concluded that no single cause
for growth rate reducton can be denmonstrated. Mreover, the effects of
t hese possible causes woul d have been gradual, not abrupt. Shinn
(personal conmunication) feels that a sudden, 10 mdepth increase would
be enough to reduce the rate of growth by about 2 nmyear

CLASSI FI CATION CF SALT DOMES

Exami nation of the bathymetric maps and conputer-produced perspec-
tive diagrams of the banks (Figures Iii-I through 25) illustrates very
clearly the variety of physiographic expression of the banks. The
physiography of the banks is controlled primarily by the sub-bottom
structure. Unfortunate y, on many banks the core of the done is
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seismcally transparent. Any one or nore of several factors may cause
the lack of sub-bottomreflectors in these bank cores: 1) carbonate
reefal growths mght be thick enough to attenuate the return signal
from any reflectors; 2) salt and/or cap rock may be very close to the
surface and no sub-bottomreflectors nmay be present; and 3) sedimentary
units in the core may be nearly vertical.

In order to determne the nature of the core, both sub-bottom pro-
files and side-scan sonar records nust be examined critically. In
addition, subnersible observations may give sone clues to the nature of
the core. “Both Fishnet and Alderdice Banks have seismically trans- -
parent cores. The side-scan sonar records on both banks show outcrop
patterns of nearly vertical beds. The side-scan sonar records from
Geyer Bank show very little in the way of nearly vertical outcrops.
However, submersible observations on the northern part of the bank show
extensive areas of vertically dippin% sedinentary strata. On the East
Fl ower Garden Bank, no evidence of bedded outcrops in the core of the
bank is displayed on the sub-bottom profiles or on the side-scan sonar
records. However, subnersible observations have reveal ed brine seeps
that indicate that salt in the core nust be shallower than 71 m bel ow
sea |level. Consequently, the seismc transparency of the bank core is
probably due to a conbination of coral reef growth and proximty of the
salt to the surface

Because of the conplex history of salt diapirs, it is difficult to
classify the structures in terns of age. All of these structures began
growi ng when there was probably no nore than 1000 m of sediment over-
lying the source bed of the salt in the diapirs. Since that tine there
have been repeated periods of sedi ment deposition alternating with
periods of upthrusting of salt, dissolution of salt, collapse of the
overlying beds, and exposure to subaerial erosion

Terms such as “youth” and "maturity" are rather meaningless unless
used with reference to specific features on the salt done. A thick
sedi mentary sequence showing mnor relief on the seafloor with mnor
faulting over the crest mght be referred to as a youthful done. None
of the banks studied under this contract fall into this category. How
ever, one exanple is provided by Tatum (1'379; see his Figure 10)
Yout hful donmes may have either high or |ow bathymetric relief. Dones
of this type may be due to renewed uEthrusting of salt followng a
qui escent period during which several hundred metres of sedi nent were

deposited over the crest. If the dome is subaerially exposed at this
stage, it could be truncated and result in a bank such as Coffee Lunp
(Figures Il -6 and 7, and Volune Four, Figure X -4) . Coffee Lunp was

exposed during the Late Pleistocene and truncated by a streamthat
flowed into the Gulf just to the west of the West Flower Garden Bank

{Henry Berry hill, personal communication).

A mature done is one that has been uplifted, the salt at its crest
renoved due to dissolution by marine phreatic waters, and bl ock faulted

at its crest to forma central graben. Exanpl es of this type of donme
are Diaphus (Figures 11i-20 and 21, and Vol une Four, Figure XlI11-9S),
Jakkula (Figures I11-18 and 19, and Volume Four, Figure XIV-4) , Fishnet
(Figures ifi1-14 and 15, and Volune Four, Figure XII-4) , and Elvers
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(Figures I11-10 and 11, and Volume Four, Figures XV-4, 5 and 6).
Previously surveyed banks ( 1977 contract) belonging to this category
are: Claypile, Sonnier, Parker, Bright, 18 Fathom Bouma, and Ew ng
(see Table I11-2).

Rej uvenated dones are those that have been block faulted and/or
truncated and subjected to renewed upthrusting by the salt diapir.
Most of these dones have a very thin cover of rock over the salt in the
crest of the diapir. Exanples of this type of dome are the East Flower

Garden [Figures Il -2 and 3) , Geyer (Figures Il -8 and 9, and Volume
Four, Figures XV I-4 and 5) , and Alderdice (Figures Ill1-16 and 17, and
Vol une Four, Figure XVII1-6) (see Table Il11-2). Alderdice is the only

bank where direct evidence of rejuvenation is displayed on the sub-
bottom profiles. Mreover, on A derdice there is evidence for a change
of the locus of upthrusting fromthe crest of the bank to the eastern
mar gi n.

TABLE Il 1-2
CLASSI FI CATION OF SALT DQOVES

Young Mat ur e Rej uvenat ed
Cof fee Lunp El vers East Flower Garden
Rezak -S idner Fi shnet Al derdice
32 Fat hom Jakkula Geyer
Diaphus

Claypile

West  Fl ower Garden
Sonni er

Par ker

Bri ght

18 Fathom

Bouna

Ew ng

SEDIMENTOLOGY

General

The normal sedinents on the OCS off the Texas and Loui siana coasts
are primarily land-derived nud, sandy mud, or nuddy sands with m nor
adm xtures of skeletal calcium carbonate derived from organi sns that
live in the water colum, on the bottom and within the bottom sedi-
ment . Hundr eds of banks are scattered over the CCS. These banks
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are located on shallow sub-sea salt domes that have dragged up with
them Tertiary age sandstones, siltstones, and shales. The rocks have
served as a solid substrate upon which prolific calcium carbonate-
produci ng communities of organisms have existed since Late Pleistocene
time, and possibly before. The results of this growth are the living
reefs and the reef bank sedinents that consist alnost entirely of skel -
etal cal cium carbonate. These sedinents surround the living reefs in
the form of aprons that slope gently away from the reefs and merge at
tore:esi*r | ower extremties with the normal terrigenous sedinents of the

Cassification of Sedinents

Sedi nents may be classified according to texture, m neral ogy, or
genesis. A textural classification is used to describe terrigenous
sedi nents because they are subject to transport by noving fluids.
Determination of the particle size distribution in such sedinents
allows for the interpretation of the process of transportation and the
velocities required to transport the sediment. A greater flow velocity
Is required to transport a sand than the velocity needed to transport a
silt.

The classification of terrigenous sedinments in general use by
sedi mentol ogi sts today is that of Folk ( 1974) . in his classification
schene, Folk used the grade scale devised by Wentworth ( 1922) . Accord-
finlgI to this grade scale, the diameters of the sedinent particles are as
ol | ows:

“

Gave 1 > 2.0 m
Sand 0.0625 - 2,0 mm
Silt 0.0020 - 0.0625 rim
Mud ‘
Jay < 0. 0020 mm_ |

Fol k places major enphasis on the presence of even mnute quan-
tities eof gravel because he feels that the proportion of gravel is a
function of the highest current velocity at the time of deposition.
Consequently, even a trace of gravel (0.01% is enough to termthe

sedinment “slightly gravel ly. " This enphasis on the inportance of grav-
el creates a problem when dealing with sediments that are m xtures of
| and-derived sediment and l|ocally produced skeletal matter. For ex-

anpl e, suppose an echinoid living on the bottomdies and its skel eton
is buried by nud. Sanpling at that site would yieid a sediment con-
sisting of nud and the dissociated plates of the echinoid skeleton. In
the analysis, these plates could conceivably anount to 5 or 6% of the
sedinent, requiring that the sediment be classified a gravelly nmud.
Yet the presence of 6%gravel is in no way related to the current ve-
locities at the tine the sedinment was deposited. Present studies indi-
cate that the anmount of gravel in the sedinent on the OCS is not a
function of the highest current velocities at that site but rather
proximty to a reef, either living or drowned. This concept has not
been understood by those who cite the presence of |arge anounts of
gravel at depths of 60-100 m as an indication of strong bottom
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currents. The ranmifications of this erroneous reasonina have great
bearing upon the theorized fate of pollutants introduced into the bot-
t om boundary |ayer by shunting of cuttings and nud fromdrilling plat-
f orms.

In carbonate sedinents, which are produced and accunulate nore or
l ess in situ, textural analysis is of little value in the interpreta-
tion of the origin of the sedinent. in this case, a know edge of the
nature of the ‘constituent particles is basic to the understanding of
the origin of the sediment. The sediment is intimately related to the
fauna and flora fromwhich it was derived. The nane of the carbonate
sedinent facies is derived fromthe dom nant skeletal conmponent in that
facies. Because of this, one might expect that sediment facies woul d
coincide with faunal and floral facies. However, this is not always
the case. At the Flower Garden Banks, for exanple, sone sedinent ap-
pears to be moving downsl ope due to the force of gravity.

Bank Sedi nents

The sedinment facies that have been delineated at the West Fl ower
Garden (Edwards, 1971) and the East Flower Garden (Volume Three, Chap-
ter X of this report) are typical of the banks studied during the pre-
sent investigation. Because of the bathymetric control over the dis-
tribution of biotic commnities that are the sources of sedinents on
the banks, there is a consequent bathymetric control over the distribu-
tion of the carbonate sedinent facies. Mnor exceptions to this gen-
eralization may be caused by 1) excessively steep slopes, 2) the fre-
quent presence of a nepheloid | ayer, and 3) vertical nmovenent of the
seaf | oor due to salt tectonics. Excessively steep slopes, such as
those present on the southeast side of the East Flower Garden, are the
cause of non-deposition of the Anphistegina Sand Facies, whi ch normal-
ly occurs at those depths. The presence of a nepheloid | ayer on | ow
relief banks such as Coffee Lunp, Stetson, Fishnet, and others linmts
the growth of the coral reef biota and consequently linits the supply
of carbonate sedinent. Alderdice Bank is the only bank where carbonate
and terrigenous sediment distribution was observed to depart fromthe
normal depth zonation of sedinment facies. The two anonml ous stations
at Alderdice can only be due to relatively recent displacenent of the
seafl oor due to salt tectonics.

The facies that are present at any given bank are dependent upon
the relief of the bank and the depth at the crest of the bank. Those
banks with the greatest relief and shallowest peaks will have the full
sequence of sedinent facies as displayed at the East and West Fl ower
Garden Banks. The deeper the crest of the bank and the |ower the re-
lief of the bank, the fewer the facies present on the bank.
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O f-Bank Sedi nments

Bank carbonate sedinents nerge with the terrigenous of f-bank sedi-
ments through a transition zone that varies in width with the degree of
slope of the outer bank. At the East and West Flower Garden Banks this
transition takes place in the Quartz -Planktonic Foraminifers Facies and
t he Molluscan Hash Facies. The | ower boundaries of these facies are
artificial boundaries that are due to the necessary change from car-
bonate sediment classification (generic) to the terrigenous sedi nent
classification (textural).

The dom nant skel etal conponents of the off-bank sediments are:
planktonic and benthic foraminifers, echinoderm fragnents, mollusc
fragments, and bryozoans. The nineralogy of the off-bank sedinments is
qui te uniform except where the sanples are taken close to banks. In
those places, detritus from the banks affects the mineralogy of both
the coarse fraction and the fine fraction of the sedinment depending
upon the nature of the bedrock on the bank.
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Fl oner Garden Bank bathymetry.

East

Figure 11i-2.
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EAST FLOWER GARDEN BANK

AZIMUTH = 45 . -18.03
“WIDTH = 6.50 K -42.89
ALTITUDE = 30 0.50 1 -84.44
‘HEIGHT = 1.50

0.00 4 -126.00

‘BEFORE FORESHORTENING
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~WIDTH Prepared by

riment oOf U,ceanqg}raphy
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TeXaa asu Ui versity

ALTITUDE= 30

*HEIGHT = 150

‘BEFORE FORESHORTENING

Figure I11-3. Three-di mensi onal perspective views, East Flower Garden
Bank .  (Arrow points toward north. )
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WEST FLOWER GARDEN BANK
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Three- di mensi onal perspective views, \Wst Flower Garden
( Arrow points teward north. )
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TABLE 1V-I
CATEQORIESAND ZONES OF HARD-BANKS iN THE GULF OF MEXICO

Bank Category*  Zone Depth (m) Bank Category* Zone Depth (m)
Adam (Big) D VIT** ? Flower Garden (West) A ! 20-35
Adam (Small) D VI | ¥% ? A [l 35-50
Alderdice A v 55-67 A v 46-88
Cc Trans. Tt 67-79 c Trans. 1 88-89
Applebaum C vi ? Geyer A Iv 60-98
Aransas c VI 57-70 B v 37-52
Baker c Vi 56-70 c Trans. tt 98-123
Baker (South) c Vi 59-70 Hospital (North) c Vi 58-70
Blackfish D Vi ER ? Hospital Rock c Vi 59-70
Bouma A v 60-75 Jakkuia A v 59-90
c Trans, t1 75-84 c Trans. t1 90-94
Bright A 1 37 Mysterious D VI ?
A Iv 52-74 Parker A Iv 60-82
c Trans. 1Tt 74-? c Trans, Tt 82-7?
Claypile (2)*** B v 40-45 Rezak=-Sidner A lv 55-93
Coffee Lump c Vi 62-68 c Trans. 1t 93-99
Diaphus t c VI 73-106 Sackett c Vi 65-75
Dream c VI 62-70 Sonn ier B v 18-52
E | vers A v 60-97 Southern c Vi 58-70
c Trans. Tt 97-123 Stetson B v 20-52
Ewing A ly 56-72 18 Fathom A i 45-47
c Vi 72-88 A Iv 45-82
Fishnet c Trans, Tt 66-80 c Trans. Tt 82-?
Flower Garden (East) A \ 20-35 28 Fathom A v 66-92
A 1 28-46 c Trans. % 92-108
A i 35-52 32 Fathom c VI ?
A v 46-82
c Trans. ¥+ 82-86

x

*%

*HH

tt

AT Maximum protection recommended; B: Protectlon strongly recommended; C:

recommended; D: protection not recommended.

Nepheloid zone probably envelops these banks entirely. :

Reef-building is poorly developed or arrested.

Protection

Not adequately explored; shallowest portion of bank may harbor yet undetected reef-building

populations.

Transition zone between Algal-Sponge Zone and deeper, turbid-water, lower tank zones.

Comparable to an AntipatharianZone.

09
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CHAPTER |V

CATEGCRI ZATI ON AND  ENVI RONMENTAL ~ RANKING OF HARD-BOTTOM
BIOTIC ZONES AND BANKS

T. Bright

| NTRODUCTI ON

Results of the biological work performed are reported in Vol unes .
Three and Four, Chapters X-XX, and summarized in the Executive Summary.
This chapter describes a nethod for biological categorization an
“environnental ranking" of biotic zones and banks which we think wll
be useful for managenent purposes.

The categorization and ranking system presented below is an at-
tenpt to provide BLM with a nore “tangible” neans of assessing biotic
zones and banks in the decision-making process. W have had frequent
requests from federa! enployees concerning the “value” of one bank in
conmparison to others, and it has often been difficult to convey clear
and sinple opinions. The follow ng should help ease the confusion con-
cerning the “environmental priority” and the contenporary biotic zones
of the banks.

BANK  CATEGORI ES

In past reports we presented a system of bank categorization which
I's now obsol ete and shoul d be replaced (Bright and Rezak, 1978a, b).
The revised categorization is not meant to represent a final word on
bent hi ¢ zonation on hard-banks in the northwestern CGulf of Mxico. The
supposed "Antipatharian Zone" and  Nepheloid Zone" are particularly
probl ematic and may not be valid designations in the biological sense.
Each surely represents several biotic assenblages of superficial sim-
larity which could all ultimately be given separate zonal designations.
However, such “hair splitting” is not feasible at present and woul d
probably serve little purpose in ternms of “environmental prioritiza-
tion. ’

The nost appropriate means of categorizing the banks biologically
i nvol ves the recognition of a number of distinct benthic biotic zones
characteristic of hard-banks in the northwestern Qulf of Mexico, wth
an indication of the banks on which each zone occurs, and the zones’
depth ranges on each bank. This system of categorization seems nore
functional than the previous one insofar as certain banks are nore com-
plex biologically than heretofore realized and cannot be easily accom
nmodated by the old system

Seven characteristic benthic biotic zones have been identified.
These are classified within four general categories describing degree
of reef-building activity. These four categories and the benthic
biotic zones wthin themare tabulated in Table 1V-1 and descri bed
bel ow.
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Category A consists of zones of major reef-building activity;
maxi mum envi ronmental protection is recommended. Category B consists
of a zone of mnor reef-building activity; environmental protection
is strongly recommended. Category C consists of zones of negligible
reef-building activity yet containing popul ations of crustose coral |ine
algae; environmental protection is reconmrended. Category D con-
sists of a zone of no reef-building activity and insignificant popul a-
tions of coralline al gae; protection is not recomended.

The Category A zones are:

1. Diploria-Montastrea~Porites Zone: A zone consisting of liv-
ing, high diversity coral reefs.

Il.  Madracis Zone: A zone domi nated by the small branching
coral Madracis mirabilis, which is producing |arge anounts
of carbonate sedinent.

IIl. Stephanocoenia Zone: A zone consisting of living, |ow diver-
sity coral reefs.

lv. Algal-Sponge Zone: A zone domi nated by crustose coralline
al gae actively producing large quantities” of carbonate sub-
stratum [consi dered here to extend downward, past the depth at
whi ch al gal nodul es di mnish in abundance, to the greatest
depths at which coral line algal crusts are known to cover a

substantial percentage of the hard substratum) . This is the
largest of the reef-building zones in terns of area of sea
bot t om

The Category B zone is:

v. MI lepora-Sponge Zone: A zone where crusts of the hydrozoan
coral Millepora share the tops of siltstone and claystone out-
crops with sponges and other epifauna.

The Category C zone is:

VI* Antipatharian Zone: A zone where limted crusts of coralline
al gae and several species of corals exist within a zone
marked by sizeable popul ations of antipatharians. Banks sup-
porting Al gal-Sponge Zones (A, |V above) generally possess a
zone conparable to an Antipatharian Zone as a transition
between the Al gal - Sponge Zone and deeper, turbid-water, |ower
bank zones.  Such “transition” zones are indicated in Table
lv-1.
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The Category D zone is:

VII*  Nepheloid Zone: A zone located at the bases of all banks
wherein high turbidity, sedinmentation, resuspension of sedi-
nents, and resedinentation domnate. Rocks and drowned reefs
here are generally covered with veneers of fine sedinent
Epi fauna are depauperate and variabl e; deep-water octocorals
and solitary St ony corals are often conspi cuous. This zone
occurs in some formon lower flanks of all banks below the
depths indicated for Zone VI (Table IV-1, above)

ENVI RONVENTAL ~ PRIORITY  RATI NGS

Any assi gnment of "environmental priority” to the aforementioned
biotic zones is subjective. "It is presuned that the considerations in
assigning levels of concern for these zones are the degree of active
reef-building in progress, biological diversity, aesthetics, rarity,
and areal extent. Table IV-2 depicts subjective rankings given by the
author to the various zones for each of these considerations. The
scale of 1 to 8 indicates |owest to highest ranks, respectively. The
average of all ranks for each zone is taken as a “priority index, " with
the highest number representing the highest priority. Apriority
rating for any individual bank nmay be obtained by summation of all
appropriate priority indices for the zones occurring at the bank (Table
|V-3).

[t should be noted that the depth ranges for the Algal-Sponge
Zone (A, 1V) , Antipatharian Zone (C, VI), and the Nepheloid Zone {D,
V 11) vary from bank to bank depending on relief, surroundi ng depth, and
water quality. Deci sions concerning establishment of boundaries for
no-drilling areas and regulations concerning Shunting of drill efflu-
ents to the bottom near any particular bank shoul d take into considera-
tion the specific depths of distribution of biotic zones to be pro-

tected on that bank. For exanple, whereas the lower limt of the
Al gal - Sponge Zone at the East Flower CGarden Bank is s&m at Geyer Bank
it is 91 m If specific neasures were taken to protect the Al gal -

Sponge Zones at these two banks, this depth differential would have to
be considered. W also point out that these depth estimtes are based
on limted reconnai ssance studies. More detail ed observations may
I ncrease the known depth ranges sonmewhat.
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TABLE V-2
PRIORITY RANKING OF BIOTIC ZONES ON HARD-BANKS IN THE
GULF OF MEXICO

1 = lowest priority
8 = highest priority

BIOTIC RANKS ZONE

ZONE Degree of Biological Area 1 PRIORITY INDEX

Reef Building Diversity Aesthetics | Rarity| Extent (Avg. Rank)
1. D-M-P. 8 8 8 7 6 7.4
Il. Madracis 7 6 6 8 8 7.0
11l. Stephanocoenia 6 5 5 6 7 5.8
Iv. Algal-Sponge 5 7 4 5 4 5.0
V. Millepora 4 4 7 4 5 4.8
Vi. Antipatharian 3 3 3 3 3 3.0
Vit. Nepheloid 2 1 2 2 2 1.8

Surrounding

Mud Bottom 1 2 1 1 1 1.2

KEY :

Degree of Reef-Building: ranking of relative amount of carbonate substratum produced per
unit area (8 = greatest).

Biological Diversity: ranking of apparent relative biological diversity of zones
(8 = highest diversity).

Aesthetics: ranking of relative value of zone to sport divers, fishermen, and
scientists with concern for"visualappeal™ and "quality" of the
benthic communities ( 8 = most valuable).

Rarity: ranking of apparent rarity of occurrence of zones at comparable
latitudes in the Western North Atlantic Ocean (8 = rarest).

Areal Extent: inverse ranking of zones in terms of area Of sea bottom occupied
in northwestern Gulf of Mexico (8 = least area).

Zone Priority Index: average of all ranks for each zone.



TABLE V-3
PRIORITY RATINGS FOR EACH BANK

(Listed in descending order of environmental priority)

ZONES AND ZONE PRIORITY INDICES BANK PRIORITY
RAT I NG
BANKS D-M-P MAD. STEPH.  AL.SP.  MILLEP.  ANTIP. NEPH. Surrounding (Sum of Priority
\ I 1 v % \ VI Mud Bottom Indices)
7.4 7 5.8 5.0 4.8 3.0 1.8 1.2
East Flower Garden X X X x X X X 36
West Flower Garden X X X X X X X 36
18 Fathom X x x X X 16.8
Bright X x X X x 16.8
Geyer X X X X X 15.8
El vers X X X x 11
28 Fathom X X X X 11
Alderdice X X x X 11
Jakku 1a x x X x 11
Ewing X X X X 11
Parker X X X X 11
Rezak-Sidner X X X X 11
Bouma X X X X 1
Sonnier X X X 7.8
Stetson X x X 7.8
Clayplle X X X 7.8
Fishnet x P X 6
Diaphus X X X 6
Sackett x X X 6
32 Fathom X x X 6
Applebaum X X X 6
Coffee Lump X X x 6
Southern X X X 6
North Hospital X X X 6
Hospital Rock x X X 6
Baker X X X 6
South Baker X X X 6
Aransas X X X 6
Dream X X X 6
Blackfish X X 3
Mysterious X X 3
Big Adam X X 3
Small Adam X X 3

<9
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CHAPTER V
WATER AND SEDI MENT DYNAM CS

D. McGrail

| NTRODUCTI ON

i N terms of management requirements, the most critical | SSUe€ ad-
dressed by our hydrodynamic research concerns the Flower Garden Banks,
in particular whether water fromthe base of the bank can flow up to
the living reef. This is significant in that if water fromthe base of
thebank canreach the reef, S0 could material introduced into the bot-
tom boundary |ayer during petroleumdrilling operations. However, on
the basis of many lines of enpirical evidence and the results of dynam
ical analysis, the possibility of such an occurrence is so renmpte as to
be negligible. Not only are the chances renote, but the circunstances
under which water could flow up and over the bank from the sea bed
woul d be so catastrophic that no drill mud could come to rest on the
reef and mechani cal danage to the reef builders would be devastating.

The following is a discourse presenting the evidence Ileading to
these concl usi ons.

PERSPECTI VES FROM GECPHYSI CAL  FLUI D DYNAM CS

At first inspection, it may seemthat the East Flower Garden Bank
is a rather insignificant bunp on the seafloor. It extends only about
11 kmfromnorth to south and is 7 kmacross. However, nost of the
bank rises 50 mor nore above the continental shelf. Expressed in
terms of dynami cs, an analoque in the atnosphere would be a solitary
mount ai n rising to half the thickness of the earth’s atnobsphere with a
peak at 80% of the height of the atnmosphere.

No reasonably intelligent person should be surprised that oceanic
fl ow about such an obstacle is exceedingly compex. Each scale of tine
and lenqth presents the possibility of sonme new node of motion. These
range from the nean circulation “of the shelf waters to infinitesinally

smal | random turbul ence. It would be a form dable task indeed to at-
tenpt sinultaneous analysis of all the superposed notions.  Fortunate-
ly, that is not necessary. Rather, it is the practice of physical

oceanographers to determ ne which of the many possible nodes are actu-
ally present, then analyze each node separately.

In this case, the records fromthe noored current nmeters and the
many profiles of salinity, tenperature, current velocity, and transmis-
sivity were used to deternmine which frequency bands in the range from
10 cycles per hour (cph) to approximately 4 x 10“cph contai ned
significant anounts of energy. These data also yielded information
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regarding the formof the inportant nodes of motion and their dynam cs.

The pertinent geophysical fluid notions are “governed by the
foll ow ng equations:

Continuity - for an inconpressible fluid (conservation of mass)
v.q=0 (1

wher e
g=u+ Vi-w

and
u, v, ware the velocity conponents in the x, vy, z
directions, respectively.

+ Conservation of monentum (appropriately scaled and di mensionl ess

form
N
F—%?—+ edevqy + 2(kxd)= -VP-Evxvxg (2
wher e
P=pressure
kK = unit vector in z direction
t = time
v = differential operator,
E = vL-2f-1, the Ekman Nunber
v = kinematic viscosity of the fluid
L = a characteristic length scale of the flow

f = 2wsin @, the local vertical conponent of
rotation

e =| ag|L-1¢1, the Rosshy Nunber

F= (1f)-1, ratio of characteristic time scale
of flow »nto rotational frequency.

Density distribution is approxi mated by

p=bm- o (T- T )+a (S-S) (3)
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where m denotes the nean val ue

P = mean density of the fluid
a, = coefficient of thermal expansion -%lr’-
T = tenperature
S =salinity
as = coefficient of density increase per unit increase
i n salinity 0op
2S
An approximation for the pressure distribution is

vPd) =-g %%_(tana - tan B)dz (4)
d
wher e
a = the slope of the isopycnals agai nst the geopotential
surface (depth dependent)
B = the slope of the sea surface against the geopotential
surface (depth independent)
d = any given depth.

Fromthese it is possible to estimate the height (h) to which a
flowwould rise if it struck a barrier. First, assune that the flowis
entirely along one horizontal axis, Xx for example, and assume further
that the flow is constrained to remain two-dinmensional in the x-z
plane, The continuity equation becones

I
+
14
i
Q

dz (5}

a/
™

Now assune that the fluid is inviscid (1) = 0 , so that no nomentum
is lost to friction at the bounding surface of the barrier, and that
the fluid is vertically stratified

s
oz *0 (6)

Finally, assume that all of the vertically displaced water can be
acconmodat ed by accelerated flow over the barrier so that the free

surface ngg remains undi sturbed {nfs = 0 at x,y, O



(2

69

One nethod of estimating h is to exam ne the instantaneous
conversion of the kinetic energy of the flow into potential energy by
raising a particle above its equilibrium

quzz pgh (7)

Since it was assumed that the free surface would remain rigid, the
conversion to potential energy iS acconplished by raising the isopyc-
nals or internal surfaces nj=# where # is a constant density. Then
Pin (7) may be replaced by h-%% because that gives the relative
density of a particle on ny at a position h above its equilibrium
level in a fluid with ﬂraﬂficmim1j§2. Then (7) becones

>

=2
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Usi ng the mean density gradient observed Lg April 1979 for 5z
X 107 gm/cm®*) and 100 cm/sec for g, (8) yields a value of

5.05 x 10°cm or 50.5 m for h.

A physical exanple of this situation would be a 100 m deep channe
capped by a rigid lid with a 70 mhigh barrier representing the East
Fl ower Garden Bank somewhere in the channel. A 100 mwall of inviscid
fluid having the density structure of the water columm observed at the
East Flower Garden in April would be run down the channel and into the
barrier. Fluid fromthe base of the colum would rise 50 mas its
kinetic energy was converted to potential energy. The |owest 20 m of
fluid would be conpletely bl ocked by the barrier and the remaining 50 m
of the fluid striking the barrier would be accel erated through the 30 m
gap at the top of the barrier. Since the fluid is assumed to be incom
pressible, the velocity through the gap would be 100 cm/sec -
(1 + 50/30), or 267 cm/sec (5.3-knots).

Notice that even under these absurdly adverse “conditions, fluid
from the bottom boundary layer still could not reach the height of the
living reef.

if the fluid were viscid, flow over the reef would be retarded and
the fluid could not nmove horizontally fast enough to accommdate that
di spl aced from bel ow. This of course would reduce the vertical dis-
tance that the lowest level fluid could rise because of the adverse
pressure gradient created. If the rigid lid restriction were renoved
sone of the excess displaced fluid could be accormpdated by raising the
fluid surface. As shown in (7) , however, the elevation of the fluid
surface would require approximately 20% of the flow s kinetic energy
for each 1 cmof rise. Thus, the addition of viscosity to the problem
| eads inevitably to a reduction in the height (h) to which the bottom
waters could rise.
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Renmoving the stricture against three-dimensional notion would fur-
therreduce h. The build up of dense water on the upstream side of the
bank woul d produce a pressure gradient which would cause a divergence
of the flow around the hank. That portion of the flow so diverted
woul d not be available for conversion to vertical notion.

In summary, under the worst conceivable conditions the flow at
the East Flower Garden Bank could not rise fromthe seafloor to the
hei ght of the living reef. A reasonabl e expectation would be that:
the flow would rise 15 to 20 malong the upstream face of the bank;
flow over the top of the reef would be sharply accel erated to accommo-
date the excess volune; and a pressure gradient woul d be created on the
upstream side of the bank that would split the flow and cause it to
nmove horizontally around the bank. In the |ee of the bank one m ght
expect sonme downward flow fromthe bank crest and either closure of the
flow al ong the bathynetric contours or separation of the flow with the
development of eddies.

Note that this analysis does not require recourse to argunents
involving the conservation of vorticity or strong stratification.

A large body of literature regarding orographic effects in geo-
physical fluid dynam cs has evolved, but the range of paraneters
studied is not applicable to the problemat hand. Studies of orogra- -
phic effects in the atmosphere, such as that of Kasahara (1980) , for
exanpl e, are inapplicable because the fluid is conpressible. MCartney
( 1975) analyzed theoretical studies of obstacles in both rotating and
rotating stratified fluids. In the nine investigations summarized, the
Rossby nunber, ¢, was assumed to be zero or <<1, the Ekman Nunmber, E
was assumed to be zero, and the stratification parameter

g 9Hao o2 N2
2oy 12 T 42

wher e ° f

H = the water depth

a0

ap - H oz

S =HI

L = horizontal length scale of the obstacle
and

N = Brunt-V aisala frequency

was assuned to be < 1. It was also assunmed in these studies that, ho

the height of the obstacle, was <<H.

In the case at hand, ¢ = 3.68, ho =  4u E <¢1 _ -
For problems in which the parameters are sud;bnfgﬁéuﬁpﬂesobs?gt?é

woul d be isolated in the flow by closed stream ines known as a Taylor
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Col um. If stratificationis inportant (S ~ 1) , the colum becomes a
cone (Hogg, 1980) . The key paraneter according to Hogg ( 1980) is

B o fL

T_H gl

He shows that for B; smaller than 1, no Taylor column can form  For
the East Flower Garden Bank in April, 8, was found to be approximately
2 x 1071, Greenspan ( 1969) states that the pluglike fl ow of the
Taylor colum is a consequence of upward propagating waves over
obstacle and that if the Rossby number were large, the waves woul d be
advect ed downstream so that the col um could not form Hogg's criteri-
on (8;) would indicate that, for velocities of up to about 27 cnfsee, a
Tayl or Colum or cone coul d devel op over the East Flower Garden Bank
for flow of sufficient duration for rotational effects to be inportant

(approxi mately 24 hours) . Still, the stratification is so strong, even
in April, that the cone woul d be conpressed to the height of the bank
However, flow around the bank would still be conpletely two-di mensiona

in horizontal planes.

Some have argued that mxing fromsurface gravity waves during the
passage of storns could raise sediment fromthe bottomto the height of
the living reef. If one considers a wave with a 10 m height and a
20 second period—a nmonster wave for the Qulf--and enploys Airy wave
theory, it is found that the maximum orbital dianeter at 90 m depth
woul d be only about 60 cm

THE EVI DENCE

Several l|ines of evidence clearly show that sedinent fromthe base
of the bank does not rise above the 75 to 80 m isobath. Rezak (this
report) has shown that fine sedinent (silt and clay) are nearly absent
fromthe bank substrate above approximately 80 mon the East Fl ower
Garden Bank. Bright (this study) has denonstrated significant biotic
zonation at about 80 m, above which clear water fauna exist and bel ow
which they are m ssing.

In all of the transmissivity profiles taken at the East Fl ower
Garden Bank since the inception of the nonitoring studies, no signifi-
cant suspended sedi ment has been found above about 75 min the water
col um. In all of the tenperature profiles taken at the East Fl ower
Garden Bank, no water with a tenperature equivalent to that at the base
of the bank has been found above about 80 m depth. The maxi mum dis-
pl acement on an isothermal surface during any one survey at the bank
did not exceed about 20 m

The analysis of variance for current meter records described by
Freel and, Rossby, and Rhines ( 1975) was performed on the records from
the meters noored on Arrays 1 and 2 (Figure v-1) . This analysis deter-
mnes the major and minor axes of variance relative to true north. The

t he
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Figure V-1. Location of current meters, East Flower Garden Bank
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results were that the records fromall of the neters at array 2 showed
strong pol arization along the |l ocal isobaths., Even the neter at 60 m
depth showed very little cross-i sobath flow.  The neters at 94 m and
96 m showed even stronger topographic steering and an accel eration
comensurate with that required to accommmodate the excess vol ume of
fl ow biocked by the bank. That is, instead of flow ng across the iso-
baths, the flow accelerated laterally.

The velocity profiles obtained in July 1979 clearly denmonstrate
the expected topographic steering. The flow split near the mddle of
the bank with northerly flow along the isohaths north of the split and
southerly flow south of the split. The maxi mum di spl acement on the
i sotherms at station 26, where water in the upper portion of the water
column was flow ng across the isobaths, was only 15 m No el evated
suspended sedinment concentrations were observed in any transmissivity
profiles above 80 mon the bank, even with strong flow fromthe west
during the July 1979 sanpling cruise.

The evidence fromthe field observations, therefore, strongly sup-
ports the conclusions reached from theoretical considerations. Water
fromthe base of the East Fiower Garden Bank cannot flow up to the
leve! of the living reef. Therefore, material introduced into the bot-
tom boundary |ayer in the vicinity of the East Flower Garden Bank could
not reach the reef -building organisns.
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CHAPTER VI
SUMWARY AND RECOMVENDATI ONS
R Rezak

| NTRODUCTI ON

El even .banks (East Flower Garden, Coffee Lunp, Rezak-Sidner, Dia-
phus, Jakkula, Al der dice, Elvers, Geyer, 32 Fathom and Applebaum) were
characterized biologically and geol ogically using observations and sam
pl es taken by surface vessel, research submersible, and rock dredge.
Six of the banks (East Flower Garden, Coffee Lunp, Fishnet, Diaphus,
Jakkula, and Alderdice) were al so subjected to water and sediment dy-
namics studies. A strong correlation was found between biotic zona-
tion, nature of the substrate, and depth at the top of the nepheloid
| ayer.

Five banks bear reef-building populations of coralline al gae wth-
in well devel oped Al ga! -Sponge Zones on their crests (Elvers, Geyer,
Jakkula, Rezak-Sidner, and Alderdice). These banks also display the
nornal carbonate sediments such as algal reef rock, algal gravels, and
carbonate sands associated with biogenic reefs. The crests of all
these five banks |ie above the normal depth of the nepheloid | ayer.
Diaphus Bank may al so have an Al gal - Sponge Zone, but its crest is near
the lower depth limt of the Zone at the Flower Garden Banks. The
other four banks (Coffee Lunp, Fishnet, 32 Fathom and Applebaum)bear
lessdi ver se benthic assenbl ages adapted to chronic turbid water condi-
tions.

EAST FLOAER GARDEN BANK

Geol ogy

P-lo significant nornmal faulting has occurred at the East Fl ower
Garden Bank. The crests! graben which is typical of nost of the banks
exam ned has not yet developed. However, the dissolution and renoval
of prodigious anounts of salt fromthe crest of the diapir have been
docunented, and graben formation at this bank cannot he far in the fu-
ture. At that time, radial faults that nmay extend sone distance away
fromthe bank can develop. Therefore, it would be unwi se to enplace
any permanent structures in close proximty to the bank. Itis
strongly recommended that sensors be enplaced at several sites on the
East Flower Garden so that the amount and direction of novement at the
crest may be measured.

B iology

Living coral covers 50 to 62% of the hard-bottomin the Diploria-
Mont astrea- Porites Zone {high diversity coral reef) at the East Flower
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Garden Bank . Montastrea annularis i s the nost domi nant coral, covering
23 to 37% of the hard bottom No apparent changes have been observed
in the popul ation levels of corals or in their dom nance ranking during
the years 1978 arid 1979.

Current accretionary growh of M  annularis my average
7 mm/yr.2 and that of Stephanocoenia intersepta, 5.8 mm/yr. There
appear to have been no changes in rate of accretionary growth of these
twodominant corals over the past decade. Rates of encrusting coral

growth and coral nortality are highly variable, but there is no indica-
tion that encrusting growh has been generally inpaired nor that nor-
tality has substantially increased during 1978 and 1979.

Settling of larval corals and early growth and devel opment have
taken place during 1978 and 1979 at a rate which is believed to be nor-
real .

Leafy al gae popul ations were greater in the spring of 1979 than in
fall, wnter, or sumer. The genera Dictyota, Peyssonnelia, and
Lobophora doni nated throughout the year, wth seasonal changes in rela-
tive abundance.

There was no obvious change in “health” of benthic comunities
sout heast of the main coral reef at the East Flower Garden. The condi-
tion of corals and coral line algae within the Al gal-Sponge Zone ap-
peared sinilar in 1978 to that of previous years. There were no signs
of mass nortalities on any conspicuous conponent of the comunity.

The effects of a natural brine seep on benthic biota at the East
Fl ower Garden were found to be restricted o an area within a few me~
tres of the brine and recognizabl e brine-seawater m xture.

In general, there is no indication of a significant change in
benthic community structure or condition during 1978 and 1979.

Water and Sedinment Dynanics

Water colum data taken during 1980 clearly indicate that the wa-
ter fromthe base of the East Flower Garden Bank cannot flow up to the
fevel of the living reef. This conclusion is supported by several
lines of evidence. Rezak (this report) has shown that silt and clay are
nearly absent from the bank above about 80 m and that the movenent of
sediment on the banks is mainly by gravity. Bright (this study) has
demonstrated a significant biological zonation at an approxi nate depth
of 80 m above which clear water fauna exist and bel ow which they are
mssing. Sediment fromthe base of the bank cannot rise above the 75
to 80 misobath. W recomrend that water columm nonitoring be ex-
tended for another year. Data taken during 1979 were anomal ous due
to the excessive amount of run-off caused by heavy rains in the Missis-
sippi em baynent.
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COFFEE  LUVP

Geol ogy

Coffee Lunp is a relatively inactive bank, underlain by a salt di-
apir that has not noved upward appreciably since Late Pleistocene tinme.
The renoval of salt by phreatic marine waters fromthe crest of the
bank has been minimal, as evidenced by the low relief at the crest of
t he bank.

The bank is continually imersed in a nepheloid | ayer, and the
fauna and flora of the bank are simlar to those of the South Texas
fishing banks, which are also immersed in a nepheloid | ayer.

Bi ol ogy

Prelimnary analysis of comunity structure indicates that above
68 m at |east, Coffee Lunmp harbors a soft-bottom macro-epifaunal com
munity which is distinctly bank-related and differs substantially from
sof t-bottom epifaunal comunities found adjacent to banks in the north-
western Qulf of Mxico. The upper Coffee Lunp soft-bottom comunities
appear to be nore diverse and to harbor a greater abundance of organ-
isme than is typical of off-bank, soft-bottom comunities.

Biotically, the hard-bottomis an Antipatharian Zone, harboring an
assenbl age’ of organisms very simlar in conposition to those of the
South Texas fishing banks. The distribution of such hard-bottom epi -
benthic comunities on Coffee Lunp is probably coincident with the bot-
tomirregularities detected in side-scan sonar records

Cof fee Lunp should be classified as low priority, requiring no
restrictions to hydrocarbon exploration and production activities.

Wat er and Sedi ment Dynani cs

Coffee Lump is conpletely enveloped in a nepheloid | ayer nmost of
the time.  Topographically accelerated flow will i nhibit the accumula-
tion of fine sedinent on the uppernost parts of the bank.

FI SHNET BANK

Geol ogy

Evidence for Recent activity of faults on and in the imediate vi-
cinity of Fishnet Bank suggests that areas in close proximty to the
bank may be subject to seafloor instability. Care should be taken to
avoi d enpl acement of structures on the bottom in areas of severe norma
faulting that does not appear to intersect the seafloor but shows sub-
tle signs of recent novenent.
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B iology

Fi shnet Bank does not appear to support clear-water, reef-building
communi ties at the present time, probably due in part to chronic tur-
bidity and sedimentation. The benthic comunity on the bank is presum
ably adjusted to such conditions, being conparatively low in diversity
and nunbers. Neverthel ess, snappers and certain other potentially com
mercial and game fishes are nunerous. This bank should be assigned
to fow priority for protection fromdrilling activities.

Water and Sedi nent Dynam cs

Even though an extensive nepheloid | ayer was not encountered dur-
ing the extrenely limited period of hydrographic sanpling, direct ob -
servations of the bottom (Rezak, this report) and the texture of the
sedi ment sanples, indicate that the nepheloid |ayer frequently envel ops
this bank.

DIAPHUS BANK

Ceol ogy
Typi cal of shel f-edge banks, Diaphus Bank may be expected to con-
tinue in the devel opnent of its normal faults. Conti nued movement
along the major east-west fault should be expected.
Bi ol ogy

The apparent |ower diversity and abundance of epibenthic biota and
fishes below the break in slope is probably related to depth, |ight
penetration, water turbidity, and sedimentation. Overall, the diver-
sity and abundance of benthic biota on Diaphus Bank are | ow conpared to
those of many ot her shel f-edge banks in the northwestern Gulf. This
may be due to the somewhat deeper crest depth of Diaphus Bank and/or
its closer proximty to the Mssissippi River outfall.

Water and Sedi ment Dynam cs

A well devel oped nepheloid | ayer was encountered at all stations
except the shallowest one. The presence of coarse sedinent at the
crest of the bank and the apparent |ow diversity of the biota indicate
that the bank may be frequently enveloped in a nepheloid | ayer but that
fine sediment does not accunulate at the crest, due to topographically
accel erated flow.
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JAKKULA BANK

Geol ogy

Active faults, as evidenced by those that intersect the seafl oor,
and | ack of evidence for collapse of the central portion of the bank
warrant the designation of Jakkula Bank as one which nay have a very

unstabl e crest that shoul d be nonitored.

Biology

At the crest of the bank the presence of a large area designated
as the Al gal -Sponge Zone warrants the protection of this bank by
shunting stipulations simlar to those required at the Flower Garden
Banks.

Water and Sedi nent Dynam cs

The high relief on this bank prevents the bank from bei ng_envel -
oped by the nepheloid layer. Sedinent distribution and the biological
zonation indicate that the nepheloid | ayer does not rise above a depth
of about 90 m

ELVERS BANK

Geol ogy
Most of the faults on Elvers Bank di splace the seafloor, indi-
cating that it is a tectonically active bank. Extreme caution should

be exercised prior to placing any kind of structure on this bank.

Bi ol ogy

The distribution of benthic biota on Elvers Bank, particularly the
great depths to which algal populations extend, indicates a somewhat
different balance of environmental factors influencing popul ations at
this bank conpared to banks bearing simlar comunities slightly closer
to shore (28 Fathom 18 Fathom East and West Flower Garden Banks,
etc.). The obvi ous physical difference is Elvers Bank’s greater base
depth and consequent greater relief. Aso to be noted is the failure
to detect substantial turbidity in the bottom water at Elvers during
t he reconnai ssance dive, even at 180 m Sinplistically, biological
conditions at Elvers and CGeyer Banks seems to inply that the greater
the relief of the bank , the less likely it is for turbid water |ayers
to occur at md or shallow depths on the bank.

We can only specul ate concerning the ecol ogi cal significance of
interrel ationships between light, water clarity, turbulence, circula-
tion, sedinment suspension, sedinentation, turbidity, geological struc-
ture and other environmental factors. That balances occur between
these natural factors greatly influencing hard-bank benthic popul ations
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is, however, certain. Careful observation and study of the afore-
mentioned factors and processes relating to them at several selected
banks could do nuch to “clarity critical aspects of natural physical-
geological - bi ol ogi cal interrelationships on and around the banks

GEYER  BANK

Geol ogy

Geyer Bank lies on an active salt diapir on the upper continenta
slope. Because of its great relief and evidence for Recent novement on
faults at the crest of the bank, one would expect accel erated dissol u-
tion of calt and continuing activity of faults on the crest and al ong
the margins of the bank. Enpl acenent of large structures on the
crest of the bank or in close proximty to its flanks shoul d be dis-
cour aged.

It is strongly recomended that additional work be conducted at
Geyer Bank. As can be seen in Volume Four, Figure XVI-1, only a very
small part of the bank has been observed fromthe subnersible. Addi-
tional subnersible observations are needed to characterize the biota
to determne the nature of the bedrock outcrops, and to observe the
lineations shown on Figure XV 1-2 (Volune Four) in order to determ ne
whet her or not they represent recently active faults. Geyer Bank would
be an excellent site for enplacing sea-bottom sensors to record tec-
tonic activity on the bank. The major tectonic activity observed on
t he sub-bottom profiles i s the upward novenent of the salt diapir. The
presence of both bare bedrock outcrops and well devel oped reef growth
at the crest of the bank indicates Recent and possibly continuing nove-
nment along nornmal faults that will eventually develop into a central

gr aben.

Bi ol ogy

CGeyer Bank possesses four distinct biotic zones characterized by
differences in substratum depth and structure of biotic commnities:
Millepora-Sponge Zone (37-61 m bedrock outcrops) ; Al gal-Sponge Zone
(61-87 m algal nodules, algal reefs extending to 97 m, carbonate sedi-
ment) ; Bank Sl ope Zone (approximtely 87-189 m carbonate sand, gravel
nodules and fines at top, grading to nud with carbonate gravel at bot-
tom); and the Mid Zone (189-213+ m)

The Al gal - Sponge Zone harbors by far the nost diverse and abundant
popul ations and is overwhelmngly dom nated by frane-building coralline
al gae, with substantial |ocal contribution by small branching herma -
typic corals. Probably because of the bank’s great relief, coral line
algae are significant to depths of 113 mor so and occur as deep as
123.5 m

The great depth to which coralline al gae grow at Geyer Bank
(123.5 m observed) is a feature held in comon with Elvers Bank
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(122.5 m observed) but not other shelf -edge banks. Physiographically,
Geyer and Elvers Banks rise fromgreater surrounding depths (215 mor
nore) than do the others. As indicated in the description of Elvers
Bank, we speculate that the survival and growth of coralline al gae pop-
ulations at great depths on Geyer and Elvers Banks is related to the
banks’ high relief and the relief's influence on bottom hydrography and
sedi nentation on and adjacent to the banks. | neffect; conparéd to
banks of lesser relief, clearer water favoring algal growth exists at
greater depths on the flanks of high relief banks. \ater clarity was

ood even at depths over 185 m at both banks during reconnai ssance
i ves.

The presence of large areas characterized by the MII epora-Sponge
Zone and the Al gal - Sponge Zone biotic commnities warrants the protec-
tion of Geyer Bank. These unique communities should be protected by
stipulations simlar to those in use at the East and West Flower Garden
Banks.

REZAK- SI DNER ~ BANK

Geol ogy

Rezak- Si dner Bank appears to be a geologically active structure
that has been created by a deep-seated salt diapir. A though there is
evi dence of repeated exposure of the bank during the Pleistocene epoch
there is no normal faulting within the bank proper that would indicate
removal of salt fromthe crest of a diapir by dissolution. In general
the movenment of the bank has been in an upward direction and will prob-
ably continue to be so for sone time to come.

Bi ol ogy

Biologically, Rezak-Sidner is simlar to Geyer, Elvers, and 28
Fat hom Banks. The upper part of the bank (above 100 m) is comparable
to the Al gal-Sponge Zone at the East and West Flower Garden Banks.
The biota of this zone should be protected.

ALDERDI CE  BANK

Geol ogy

Al derdice Bank is another tectonically active bank. Faulting is
comon both on the crest of the bank and on its flanks. The shift in
the I ocus of upthrusting by the salt diapir, as illustrated by Figure
XV Il 1-6c (Volume Four) creates potentially dangerous conditions on and
around the bank. If the locus of the greatest upward nmovenment has
actually shifted and dissolution of salt is continuing beneath the
present crest, then an increased rate of collapse of the crest may be
ex petted. This situation on Alderdice Bank indicates that instability
of the sea-bottomdue to tectonismis not restricted to the crest of
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the bank but may occur some distance away fromthe crest in areas that
ot herwi se nay appear stable.

B iology

Because of the existence of clear-water reefal coomunities on at
| east one, and probably all, of the major topographic peaks at Alder-
di ce Bank, and because of the presence of spectacul ar basalt outcrops
bearing a diverse assemblage Of epibenthic organi sns and fishes, it
i s reconmended that Alderdice Bank be classified as a top priority bank
from the standpoint of environnmental protection.

Water and Sedi nent Dynam cs

The flow observed at Alderdice Bank stations was strongly depth
and time dependent and was topographically steered. Because of the low
relief of the bank and observations on the vertical extent of the neph-
eloid | ayer at other banks, it is reasonable to expect that fine sedi-
ment is advected over the broad platform of Alderdice Bank. | t seens
highly unlikely that fine sediment would reach the crests of the peaks
that rise above the platform surface.

32 FATHOM AND APPLEBAUM BANKS

Geology

Bathynetric profiles, side-scan sonar records and the limted num
ber of rock dredge sanples on these banks indicate that 32 Fathom Bank
is sinmlar to Coffee Lunp in its structure. and sedinents. W't hout
sub-bottom profiles, it is inpossible to determne if the bank has been
planed by erosion during the Pleistocene or if the bank is a series of
confornmabl e sedinentary rocks that has been broadly bowed upward by a
deep-seated diapir.

Lineations in the bathymetry on the north and west sides of Apple-
baum Bank indicate the possibility of faulting in those areas. Dredge
hauls on the main peak recovered carbonate F 0OCKS t hat may represent
drowned Pleistocene coral gal reefs.

Bi ol ogy

Dredge sanples taken at 32 Fathom Bank were inadequate for inter-
pretation of bhiotic comunities. The limted biota recovered suggests
that it is simlar to Coffee Lunp in biotic community devel opnent.

Applebaum Bank bears areas of carbonate hard-bottomw th an assem
bl age of organi snms resenbling that found on some of the South Texas
Banks (e. g., Southern Bank and South Baker Bank)
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TABLE Ill-1
SEDIMENT PARTICLE TYPES AND PERCENT CARBONATE
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[T M 2] = o€ O <) = 4 o = e
EFG1-1G 62.6 20.0 0.5 25 2,0 0.5 0.0 0.0 0.0 0.0 0.0 2.0 18.1
EFG2-1G 68.2 8.0 0.0 8.0 2.0 0.5 0.0 0.0 0.0 0.0 13.3 0.0 20.0
EFG3-~1G 1.6 5.5 8.7 7.1 35.0 4.4 3.3 7.1 44 23.0 0.0 0.0 59.8
EFG4-1G 13.3 10.2 0.0 148 15.3 9.7 0.0 5.6 51 6.6 10.2 9.2 72.1
EFGS~1G 24.2 7.1 0.0 8.1 114 6.2 0.0 0.0 0.0 5.2 34.1 3.8 12.5
EFG6~1G 9.3 2.0 0.0 15 59 0.0 0.0 0.5 1.0 0*0 76.6 3.4 34.4
EFG7-1G 0.0 1.4 13.0 126 22.7 22.7 1.0 3.4 58 17.4 0.0 0.0 91.3
EFG8-1G 9.1 7.1 0.5 9.1 355 22.8 0.0 1.0 25 0.0 10.2 2.0 27.1
EFG9-1G 9.4 7.4 0.0 7.4 25.1 9.9 0.0 1.0 1.5 0.0 34.5 3.9 59.7
EFG10-1G 50.5 12.5 0.0 2.9 5.8 0.0 0.0 0.0 0,0 0.0 26.0 2.4 22.2
EFGI1-1G 79.6 7.6 0.0 24 3.8 0.9 0.0 0.0 1.4 0.0 3.3 0.9 16.8
EFGI2~-1G 65.7 23.5 0.0 4.4 2.0 0.0 0.0 0.0 0.0 1.0 2.5 1.0 17.4
EFG13-1G 41.2 20.4 0.0 24 3.8 0.0 0.0 0.0 0.0 0.0 29.9 2.4 18.4
EFG14-1G 50.7 15.5 0.0 24 6.3 34 0.0 0.0 0.0 1.4 17.9 2.4 19.0
EFG15-1G 40.2 20.1 0.0 25 35 5.0 0.0 0.0 1.0 0.0 24.1 3*5 19.2
EFG16-1G 57.7 16.9 0.0 35 25 0.5 0.0 0.0 0.0 2.5 12.4 4.0 16.6
EFG17-1G 60.0 20.0 0.0 7.0 1.0 0.0 0.0 0.0 0.0 0.0 8.5 3.5 19.3
EFGi8-~1G 11.1 4.5 0.5 4.0 9.1 15 0.0 15 0.0 5.6 56.1 6.1 24.3
EFG19-1G 17.5 5.5 0.0 55 25 0.5 0.0 0.5 0.0 7.0 56.5 4.5 26.4
EFG20-~1G 3.8 9.6 0.0 38 335 2.9 1.4 4.8 1.0 16.3 18.2 4.8 67.4
EFG21-1G 0.5 3.6 0.0 4.6 27.6 0.0 0.0 0.0 0.0 62.8 1.0 0.0 39.8
EFG22-1G 0.9 3.0 16.2 2.1 11.9 34 0.0 ‘2.6 .7 58.3 0.0 0.0 72.2
EFG23-1G 2.4 1.6 1.6 124 25.1 1.2 0.4 6.0 8,0 40.6 0.0 0.8 73.3
EFG24-1G 3.3 5.1 4.5 103 54.7 6.5 0.0 7.0 0.5 6.5 0.0 1.4 83.7
EFG25~-1G 1.0 3.9 15.0 9.2 33.8 8.2 0.0 34 1.9 23.2 0.5 0.0 92.1
EFG26-16G 0.0 0.5 44.5 1.8 4.5 2.3 0.0 0.9 27 40.5 0.5 2.3 93.1
EFG27-1G 1.0 1.0 1.5 118 51.8 7.2 2.1 4.6 46 10.8 0.0 3.6 84.2
EFG28~1G 0.0 0.6 41.5 5.7 0.0 11.4 4.0 1.7 10.2 20.5 1.7 2.8 90.9
EFG29-1G 9.2 4.1 0.0 4.1 4.6 4.1 0.0 0.5 0.0 7,1 66.3 0.0 37.1
EFG30-1G 10.3 8.4 1.0 2.0 6.9 3.4 0.0 0.0 0.0 7.4 59.1 1.5 23.9
EFG31-1G 7.8 11,1 4.5 135 33.2 3.3 8.2 8.2 6.1 0.0 3.7 0.4 64.0
EFG32-1G 8.0 8.8 0.4 7.3 36.4 26.1 0.8 15 0.0 5.0 5.7 0.0 70.4
z-1 0.0 0.0 23.6 4.4 12.1 52.7 1.6 0.0 4.4 1.1 0*0 0.0 98.8
z-2 0.5 1.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0*0 95.4 1.5 5.2
z-3 0.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 97.0 1.5 5.4

z-4 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 97.5 2.0 2
z-.5 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 75.0 5.4
Z-6 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.5 1.0 3.4
DS1-1G61 43.3 32.0 0.0 6.4 1.0 0.0 0.0 0,0 0.5 3.0 13.8 0.0 0.0
DS1-2G1 37*3 30.3 0.0 8.0 6.5 2.0 0.0 0.0 0.0 1.0 14.9 0.0 0.0
0S1-3Gt 39.5 29.5 0.0 2.3 5.0 0.0 0.0 0.0 0,0 1.4 22.3 0.0 0.0
DS1-461 31.9 25.6 0.0 39 3.9 0.0 0.0 0.0 0.0 1.4 33.3 0.0 0* 0
DS1-5G61 44.3 36.6 0.0 7.7 8.8 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0
DS1-6G1  30.4 22.5 0.5 8.8 16.7 34 1.5 59 74 0.0 2.0 1.0 0.0
DS1-7G1  36.9 25.2 0.0 103 79 0.0 0.0 0.0 1)*9 0.0 18.7 0.0 0.0
DS1-8G1 32.5 32.0 0.0 7.1 5.6 0.0 0.0 0.0 1.0 0.0 21.8 0.0 0.0
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TABLE 11 I-1 (Continued)
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Sample

0.0
0.0
0.0
0.0
0*0
0.0
0.0

0.0
0.0
0.0
0.0
2.0
2.3
1.0
1.4

00 5.2
00 3.5
0*0
0.0
00 27.6
00 41.9
00 -39,.4
00 32,1
05
28 21,1
00 7.6
0.0 15.5

0.0
0.0

0.0
2.0
2.3
0*0
0.0
0.5
15
1.1
0.0
1.0
0.5
0.0
0.0
0.0

0.0
0.0
0.0
0.5
0.0
0.5
0.0
0.0
0“0
0.0
0*o
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.0
0.0
0.0

0*o
0.0
2.3
0.0
0.5
2.3
0.0
8.2
1.4
1.5
0.0
0.5
0.9

7.6
5.0
3.2
3.8

2.8 10.3
4.9 19.1

4.5 14.6
6.1

2.3

4.9 13.3
7.6 13,7
7.7 12.9
3.0 25.9

5.8

10.7 7.0
2.1

13.7
15.4 11.4

0.0
0,0
0.0
0.0 22.0 6.3
0.0
0.0
0.0
0.0
0.0
.0
0.0
0.0
0.0
0*0

2

28.0
15.4
10.2
20.5
22.6
16.2
13.8
23.6
3le5
11.3
27.7
27.0

40.8
52.2
67.4
50.7
28.1
29.3
26.1
28.2
45.5
20.6
38.0
43.6

DS1-9G1
DS1-1021

DSi-1161
DS1-1261

0S2-1
DS2-2
0S2-3
DS2-4
DS2-5
0s2-6
DS2-7
DS2-8
DS2-9

o o

S © o

0,0
0.0

10 27.9

1.0
0.0

1.0

0.0
0.0

1.0
0.0
7

36.2
23.4

16.9
16.9

0s2-1 o

o o
C o

0*o
2.0

9.2
1.5

0.0
5.0

1.5

0.0
0.0

.0

9.7

0.0
.0
4
0

40.3
23.1

0s2-12

0S2-11
JAK 1

53*4

0.5
0.5
2.6

0.0
1.5

0*5
0.0

3.1
0.0
16
0.0
0.0
.0
55

31
34
8.9
0.5

2.6
0.0
2.6

14.1
6.3

0.0
0.0
0.0
0.0
0.0
3.2

26.8
4.5

7.3 28.8 24.6

51

6.7 46.4

4.9 17,1
45

7.7

17.5
23.9
2.6
0.0

35.0
4
7
7
2.6
3.4
5.2
18.2

9.8
5.4
12.0
65.7

JAK 3
JAK 4
DIA 1
DIA 2
DI1A 3
DIA 4
ALD 1

3.7

2.1
0.0

11.6 0
25

3.6
3.2

7.9
8.5

9.7 8.7
27.5
141 13.6 39.2

6.7
12.2 20.1

.5
2

o<

53.9
34.4
57.8
28.7
12,9
21.8
40.2
36.7

0.0

0.0

C.0

7.5
10.7
28.4
19.9
2.5
1.0
2.5
1.0
0.0
0.0
4.

4.5
6.5
0.0
3.8
12.7
5.1
8.9
1.5 90.5
10 88.1
00 91.5
00 94.5
00 95.0
00 90.0
00 95.5
00 96.0
5.2

6.5
0.0
2.0
7.6
6.8
0.0

2.2 15.1

15.2
2.0
41
5.8
0.0
0.5
0.5
0.0
0.0
1.0
5.7

8.8
15.2
3.8
10.2
7.6
11.5
0.0
0.0
0.5
0.0
0.5
1.0

1.5
0.0
1.0
0.0
0*o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

.

17.5
9.5

12.4
4.6
5.1
7.3
0.0
0.5
0.0
0.0
0.5
0.0
6.2

8.3 24.9
10.0 16.7
1.6 26.3
4.6 36.0
3.0 25.4
4.2 16.2
3.0

4.0

4.0

35

2.0

5.0

0*5
7.8 23.3

1.0
1.5

0.5
0.5
0.5

2.5
0.9

1.9 20.5
1.1

0.0
1.0
1.0
0.0
0*0
0.0
0.0
0.0
0.0

18.1

2.5
6.0
9.7
7.1
6.6
7.3
1.0
1.5
0.0
0.5
1.0
0.
7.3

4.0
3.7
8.6
16.7
10.2
6.1
11.0
1.0
2.5
0.5
0.0
0.5
18,1

ALD 2
ALD 3
ALD 4
FIS 1
FIS 2
FIS 3
Fis 4
COF ?
COF 2
COF 3
COF 4
32F 1
32F 2
32F 4
32F 5
AFP



X-RAY DIFFRACTION OF SUSPENDED SEDIMENTS (Tenneco)

TABLE I11-2

SAMPLE ZSMECTITE MIXED

SAMPLE ZSMECTITE MIXED LAYER CLAYSZILLITE $KAOLINITE $CHLORITE

% EXPENDABLE

STA-1
STA-2
STA-3
STA-4
EFG~-1
EFG~2
EFG-3
EFG-4
EFG-5
EFG-6
EFG-7
EFG-8
EFG-9
EFG-10
EFG-11
EFG-12
EFG-13
EFG-14
EFG=-15
EFG-16
EFG-17
EFG-18
EFG-19
EFG-20

L o °
FEXPANDABLE
L AYER CLAYS ZILLITE ZKAOLINITE 4CHLORITE

27 T 38 35
37 - 31 32
36 T 34 30
42 - 39 19
42 - 27 31l
31 T 28 42

NOT ENOUGH SAMPLE, BUT K >1>S
- 17 37 46
38 T 32 20
47 - - 26 27
41 - 31 28

NOT ENOUGH SAMPLE, BUT | > K (NO SMECTITE)
45 - 29 26
53 T 27 20
43 - 31 26
29 - 33 48
52 T 28 20
47 - 30 23
34 33 33
39 - 38 23
42 27 31l
41 - - 37 22
31 T 35 34
41 - - 42 17

TR
R
TR
TR

EFG-21
EFG-22
EFG-23
EFG-24
EFG-25
EFG~26
EFG=27
EFG-28
z-1
z-2
z-3
z-4-1
z-4-1
z-5
Z-6
COF =1
COF-2
COF-3
COF-4
ALD-1
ALD=-2
ALD=3
ALD-4
F15-4

16
42
14
15
20
16
30

13
25

36
29
32
54
37

23
35

27
28
44
41
26
36
38
42
52
55
36
55
50
42
58
41
47
31
45
30
38
43
40
41

57
30
42
44
54
48
32
50
38
42
25
33
37
33
34
23
24
37
22
16
25
28
37
24

TR

154
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TABLE Il I-5
BOTTOM SEDIMENT TEXTURE

SAMPLE GRAVEL SAND SILT CLAY MEAN MEDIAN STD DEV SKEWNESS KURTOSIS
JAI(-1 9.95 72.83 5.06 12.17 1.79 0,12 3.29 1.48 0.91
JAK-3 0.07 1.63 56.52 41.77 71.51 7.67 1.73 -0.81 1.48
JAK=4 14.27 84.23 0.40 1.10 0.16 0.05 1.42 3.34 19.45
DIA~1 12.62 86,50 0.30 0.58 0.04 0.02 2.15 3*54 27.00
D IA2 15.44 56.56 13.67  14.33  2.29 0.87 3.67 0.92 -0.54
DIA-3 0.72 11.62 48.08 39.58 6.66 7.31 2.74 -0.69 -0.25
D IA-4 0.79 20.69 37.28 41.24 6.56 7.56 3.11 -0.90 -0.40
ALD~1 30.57 68.04 0.52 0.86 0.03 -0.16 1.61 2.10 9.18
ALD=2 28.22 46.04 14.05 11.69  1.88 0.60 3.64 0.96 -0.34
ALD-3 52.41  27.81 8.82 10.96 0.93 -1.08 3.69 1.39 0.51
ALD-4 26.16 73.43 0.24 0.18 0.09 0.01 1.33 0.96 4.23
FlS=1 14.24 42,74 1555 27.47 3.62 1e 79 4.29 0.29 -1.58
FIS-2 7.58 36.54 33.93 21.95 4.22 4.44 3.74 0.04 1o 33
F1S-3 19.59 4384 1580 20.76 2.88 1.21 4.12 0.57 -1.23
F1S-4 46.29 10.39 24.40 18,92 2.55 -0.06 4.48 0.42 -1.53
COF-1 0.24  86.30 8.21 5.25 3.19 2.77 1.76 2.44 6.85
COF -2 13.56 67.02 12.35 7.08 2.59 2.67 2.76 0.66 0.70
COF-3 32.47 49.32 8.37 9.85 1,72 1.22 3.43 1.00 0.15
COF -4 0.58 98.05 0.66 0.72 2.33 2.29 0.87 3.50 34.73
32F-1 8.96 73.66 6.54 10.85 3.15 2.52 2.75 0.89 0.92
32F-2 14.42  71.91 4.21 9.46 2.69 2.45 2.90 0.76 0.68
32F-4 3.09  96.22 0.22 0.47 2.25 2.35 1.13 -0.17 10.06
32F=5 3.99 89.00 1.60 5.40 2.80 2.45 2.00 1.45 4.54
LIS~1 2.38 22,55 31*19 43.88 6.33 7.46 3.47 -0.70 -0.80
EFG1-1G 0.0 2.52 45.82 5166 7.93 8.06 1.70 -1.00 1o 99
EFG1-26 0.0 0.01 32.74 67.24 8.5 8.63 1.37 -0.60 -0.25
EFG2-1G 0.0 4.00 39.02 5698 7.96 8.34 1.96 -0.84 0.14
EFG2-26 0.02 5.55 4481  49.62 7.59 7.98 ,2.10 -0.68 -0.15
EFG3-1G 23.88 2.02 5.82 18.28 2.08 0.42 3.98 1.00 -0.54
EFG3-26 34.96  40.24 5.66 19,14 1.96 0.38 4.09 0.94 -0.72
EFG4~1G 0.11  88.47 3.30 8.12 2.68 2.06 2.25 2.08 3.65
EFG4-2G 1.65 86.53 5.27 6.56 2.61 2.09 2.23 1.80 3.23
EFGS-G 0.0 0.04 26.17 73.80 8.66 8.82 1.22 -0.66 -0.04
EFG6-G 1.69 66,16 5.90 26.25 4.67 3.62 3.12 0.49 -0.95
EFG7~G 0.10 96.48 0.82 2.60 211 1.72 1.54 2.84 10.91
EFG8-G 0.0 86.73 2.92 10.35 3.48 2.83 2.21 1.91 2.60
EFG9~G 0*0 85.20 4.08 10.72 3.39 2.47 2.34 1.80 2.02
EFG10-G 0.16 9.85 36.33 53.66 7.62 8.17 2.22 -0.92 0.29
EFG11-G 0.0 0.07 25.17 74.76 8.73 9.03 1.35 -0.95 0.46
EFG12~G 0.0 0.0 30.82 69.18 8.54 8.76 1.40 -0.77 0.10
EFG13-G 0.04 3.24 44,99 5174 7.86 8.07 1.81 -0.89 1.09
EFG14-G 0.08 4.73 42.13 53.07 7.85 8,13 1.92 -1.15 1.77
EFG15-6 0.10 5.00 28.79 66.11  8.26 8.61 1.87 -1.61 3.24
EFG16-G 0.0 0.02 51.98 48.00 7.90 7.92 1.52 -0.14 -0.88
EFG17-G 0.0 7.22 32.93 59.85 7.95 8.47 2,10 -1.01 0.30
EFG18-G 0.02 60.53 1513 24.32  4.78 3.21 3.06 0.56 -1.24
EFG 19-G 0.31  32.30 23.02 44.38 6.57 7.56 3.01 -0.39 -1.22
EFG20-G 2.42  77.07 7.39  13.12 261 1.51 3.14 1.29 0.36
EFG21 -G 4.10 34.82 24.62 36.46  5.37 6.60 3.87 -0.34 -1.37
EFG22-G 6.21  69.46 9.99 1434 251 1.04 3.43 1.09 -0.24
EFG23-G 50.18 29.73 731 1279 1.19  -1.01 3.85 1.24 0.06
EFG24-G 431  82.86 7.33 5.49 2.68 2.28 2.15 1.52 3.48
EFG25-G 0.15 98.35 0.54 0.96 1.69 1.62 1.08 3.80 25.76

EFG26-G 30.70 69.19 0.04 0.07 -+0.31 -0.34 1.06 0.79 4*55



male |11-5 (Continued)

Y
o
SANVPLE GRAVEL  SAND SILT CLAY MEAN  MEDIAN STD DEV SKEWNESS KURTOS1S
‘ EFG27-G 0,19  94.43 2.72 2.66 2.34 2.14 1.58 2.57 9.20
EFG29-G 0.38 75.25 10.22 14.15 3.93 3.10 2.63 1.11 0.19
EFG30-G 0.18 30.66 32.70 36.45 6.32 7.09 2.89 -0.40 -1.09
EFG31 -G 17.64  48.07 1521  19.08 3.26 2.15 3.91 0.43 -1.20
| EFG32-G 10.47  63.77  11.62 1415 2.76 1.80 3.47 0.82 -0.53
DS1-1G1 0.0 0.03 30.59 69.38 8,62 8.72 1.25 -0.47 -0.48
DS1-1G2 0.19 4.48 25.68 69.65  8.41 8.84 1.93 -1.99 5.18
DS1-2G1 0.0 0.0 47.95 52.05 8.01 8.08 1.48 -0.25 -0.77
DS 1-262 0.04 201 42.83 5512 8.08 8.21 1.68 -1.12 2.80
DS 1-3Gt 0.0 0.10 38.49 6141 8.34 8.44 1.40 -0.44 -0.49
DS1-362 0.07 3.43 29.73 66.76 8.36 8.65 1.78 -1.85 5.11
4 DS1-4G1 0.39 3.07 5455 41.99 7051 7.64 1.93 -1,07 2.61
DS 1-4G2 0.88 5.78 32.08 61.25 8.02 8.49 2.25 -1.90 4.31
DS1-5G1 0.29 3.53 44.38 51.80 7.84 8.07 1.90 -1.44 3.60
DS1-5G2 0.17 3*93  32.40 63.50 8.15 8.51 1.96 -1.60 3.35
DS1-661 2.92 28.04 30.88 38.16 5.84 7.32 3.76 -0.64 -1.12
DS 1-662 9.44 42,90 17.41  30.24 4.38 2.84 4.10 0.09 -1.54
DS1-7G1 0.27 371 42.87 5315 7.91 8.13 1.96 -1,54 3.86
® D51-7G2 0.0 0.06 34.49 65.45 8.47 8.57 1.36 -0.57 -0.15
DS 1-8G1 0.36 6.61 53.39 39.64 7.23 7%43 2.24 -1.03 1.48
DS1-862 0.53 7.68 35.52 56.26 7.76 8.23 2.29 -1.67 3.00
DS1-961 0.12 1.59 50.50 47*79 7.78 7.90 1.75 -0.82 1.71
DS 1~9G2 0.0 0.02 51.32 48.65 7.88 7.94 1.57 -0.20 -0.84
DS1-10G1 0.21 3.11 32.93 63.74 8.27 8.51 1.79 -1.94 6.00
® DS1-10G2 0.06 2.21 32.14 65.58 8.35 8.61 1.72 -1.54 3.87
- DS1-1161 0.08 2.75 35.12 62.05 8.25 8.48 1.74 -1.54 4.03
DS1-1162 0.02 1.57 28.24 70.17 8.54 8.73 1.50 -1.60 4.85
DS1-126G1 0.72 2.59 29.26 67.43 8.32 8.80 1.98 -2.01 5.86
DS1-12G2 0.0 0.02 41.39 5859 8.23 8.33 1.45 -0.39 -0.64
DS2-1-26 0.06 3.69 47.42 48.83 7.79 7.96 1.75 -1.26 3.05
DS2-2-2G 0.54 15.05 40.24 44.16 7.08 7.69 2.61 -1.02 0.45
® D$2-3-2G 1.26  10.61  36.46 51.67 7*44 8,07 2.59 -1.48 1.92
) D52-4-2G 2.76  16.82 35*94  44.48 6.81 7.71 3.09 -1.15 0.39
DS2-5-2G 0.05 2.00 40.33 57.62 8.14 8.27 1.62 -1.30 3.57
DS2-6-26 48.48  34.56 6.42 10.54 0.81 -0.91 3.63 1.53 0.87
D52-7-2G 1.92 18,02 27.87 52.20 7.03 8.11 3.13 -1.16 0.22
DS2-8-26 0.35 8.49 3596 5519 7.71 8.23 2.34 -1.51 2.27
DS2~9-26 0.95 2.02 34.35 62.68 8.19 8.46 1.86 -2.27 8.31
® DS2-10-2G 9.12 25.06 27.16 38.66 5.58 7.15 3.97 -0.57 -1.20
DS2-11-2G 0.08 3.74 40.14 56.04 7.97 8.21 1.82 -1.57 3.91
DS2-12-26  37.05  39.41 8.38 1516 1.50 -0.31 4.02 1.14 -0.35
z-1 48.31  49.90 1.24 0.54 -0.74 -0.96 1.36 4.16 24.60
z-2 0.20 62.34 13.24 24.22 4.89 3.34 2.89 0.67 -1.09
z-3 0.11  71.79 9.80 1831  4.40 3.06 2.62 1.14 -0.20
z-4 0.05 58.44 1858 22.93 4.87 3.42 2.82 0.66 -1.13
@ z-5 11.63  69.10 8.16 11.11  3.12 2.68 2.90 0.72 0.49
Z-6 0.02 10.35 33.36 56.27 7.69 8.26 2.18 -0.96 0.02
v
o
L
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TABLE 111-3
X-RAY DIFFRACTION OF BOTTOM SEDIMENT < .002 mm

SAMPLE SMEC ILL KAOL CHLOR SAMPLE SMEC ILL KAOL CHLOR
JAK-1 74 18 8 - EFG-18 76 15 9 TR
JAK-2 ALGAL NODULE GRAVEL EFG-19 72 18 10 TR
JAK-3 7 6 16 8 - EFG-20 77 12 1 TR
JAK-4 69 20 11 EFG-21 71 18 1 TR
DIA-1 73 17 10 R EFG-22 75 15 10 TR
DIA-2 61 18 21 TR EFG-23 68 20 12 TR
D1A-3 70 19 11 - EFG-24 64 22 14 TR
DIA-4 71 21 8 - EFG-25 67 19 14 TR
ALD-1 61 28 1 TR EFG-26 61 24 i5 TR
ALD-2 7 0 21 9 TR EFG-27 74 17 9 TR
ALD-3 7 5 17 8 TR EFG-28 67 20 13
ALD-4 71 18 11 - EFG-29 84 12 4 TR
Fis-1 75 16 TR EFG-30 73 18 9 TR
FI1S-2 71 20 - EFG-31 77 15 8 TR
FI1S-3 71 19 10 13 EFG-32 62 26 12 -
FIS-4 74 15 11 - 0S 12 55 26 19 TR
COF-1 68 19 13 0S 1-3 66 21 13 TR
COF-2 6 9 10 21 TR 0s 1-4 64 19 17 T
COF-3 7 9 12 9 R DsSi-5 69 15 16 TR
CoF-4 7 0 18 12 R 0S1-6 66 23 1 TR
z-1 ALL COARSE MATERIAL 0s 1.7 61 20 19 TR
Z-2 65 23 12 —- 0S 1-8 68 19 13 TR

z-3 70 20 10 DS 19 68 22 10 TR

z-4 59 26 15 R DS1-10 64 21 15 TR
z-5 75 1 14 - DSt-11 67 21 12 TR
Z-6 69 21 10 TR 0S1-12 69 19 12 T
32FM-1 3 0 39 31 0S2- 1 70 18 12 TR
32FM-2 2 3 40 37 - 0S2-2 67 20 13 TR
32FM-3 33 33 34 Ds2-3 75 14 1 TR
32FM-4 2 9 36 35 - 0S2-4 69 20 i TR
EFG-1 65 22 13 TR 0S2-5 63 24 13 TR
EFG-2 7 0 20 10 R 0S2-6 68 18 14 TR
EFG-3 7 5 16 9 R 0s2-7 67 21 12 TR
EFG-4 71 19 10 - 0S2-8 67 19 14 TR
EFG-13 74 17 9 R DS2-9 66 19 15 TR
EFG-14 7 3 17 10 TR DS2-10 63 24 13 TR
EFG-15 77 16 7 R D0S2-11 63 23 14 TR
EFG-16 73 17 10 ™ 0S2-12 68 21 A TR
EFG-17 73 17 10 ™
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