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P R E F A C E 1 

FRANCIS P. SHEPARD 2 

La Jolla, California 

A l l but one of the papers that fo l low represent 
a symposium summarizing the results of w o r k 
carried on i n Pro ject 51 of the American Petro­
leum I n s t i t u t e . This had as its objective dur ing 
the period 1951-1958 the study of modern sedi­
ments along the northwest marg in of the G u l f of 
Mexico . The paper by Grover E. M u r r a y , on the 
other hand, was not part of the pro ject b u t was 
contr ibuted to us to give the geological sett ing for 
the area of investigation. 

Th i s investigation of sediments came as a result 
of many years of deliberation b y committees o f 
the American Petro leum I n s t i t u t e and The A m e r ­
ican Association of Petroleum Geologists, which 
finally led i n 1951 to the creation of A . P . I . P r o j ­
ect 51 . M a n y petroleum geologists contr ibuted 
toward the creation of this largest of the A . P . I , 
geologic projects , and others have given gener­
ously of their t ime i n advisory capacities. M u c h 
of the background which led to the pro ject was 
prepared b y Shepard W . L o w m a n , who first con­
ceived the idea and headed a research committee 
i n which p r e l i m i n a r y plans were discussed. A . 
Rodger Denison, Clarence L . M o o d y , Marcus A . 
Hanna, H u g h A . Bernard, and R. Dana Russell 
have served as chairmen of the pro ject advisory 
committees and al l were of great assistance. The 
complete membership of the committees is given 
i n an appendix at the end of the book. A . F . Fred -
erickson has been of considerable help to us i n 
reviewing for the A . P . I , committee a l l the papers 
i n this volume. 

T h e pro ject was given to the Univers i ty of 
Cal i fornia and administered at the Scripps I n s t i ­
t u t i o n of Oceanography, most ly under the U n i ­
versity 's I n s t i t u t e of M a r i n e Resources, directed 
b y Charles D . Wheelock. The w r i t e r acted as p r o j ­
ect director dur ing the first seven years, and was 
assisted for several years b y a Scripps I n s t i t u t i o n 
committee under the chairmanship of Roger 
Revelle. D u r i n g the last year much of the ad-

1 Manuscript received, November 12, 1959. 
2 Scripps Institution of Oceanography, University 

of California. 

min i s t ra t i on was conducted b y T j . H . van Andel , 
who is now direct ing the pro ject i n a new field, the 
G u l f of Cal i fornia . The areal sedimentation studies 
have been conducted b y J . C. Curray , D . G. Moore , 
G. A . Rusnak, P. C. Scruton, and F. P. Shepard. 
The w o r k on Foramin i f e ra has been under the 
direct ion of F. B Phleger, w i t h considerable con­
tr ibut ions f r o m Frances L . Parker, Jean P. Hos -
mer, J . S. Bradshaw, and R. R. L a n k f o r d . M a c r o -
organisms have been studied pr inc ipa l ly by R. H . 
Parker, although earlier the w o r k included E. L . 
Puffer and W. K . Emerson, w o r k i n g under the 
direct ion of J . W . D u r h a m . Ostracods have been 
investigated b y F. M . Swain and Dor i s M a l k i n 
Curt is . Clay minerals have been studied by R. E. 
G r i m and W . D . Johns. Heavy minerals were 
studied first b y M . N . Bramlet te and later b y 
D . M . Poole, w i t h final study and coordination b y 
T j . H . van Andel . Studies i n chemistry have been 
conducted by G. S. B ien and E. D . Goldberg; 
chemistry of sedimentation b y U . G. Whitehouse 
at Texas A . and M . ; microbiology b y D . E. Contois 
and C. H . Oppenheimer; organic p r o d u c t i v i t y 
studies by D . E. Contois, E. F . Corcoran, E. G. 
Simmons, and W . H . Thomas ; microfossi l ( i n ­
cluding po l len) studies b y L . R. Wi l son , A . E. 
LeBlanc , and L i l i R o n a i ; remanent magnetism b y 
R. G. M a s o n ; part ic le size d i s t r ibut i on b y D . L . 
I n m a n and T . K . Chamber la in ; grain-size analyses 
were made by H . W . L u s k and D . M . Poole w i t h 
advice f r o m J . D . Frautschy and D . L . I n m a n ; 
and roundness studies b y M . A . Beal. As a special 
subproject, R. N . Ginsburg conducted studies of 
the F lor ida Keys and of F lo r ida Bay. M o s t of the 
field w o r k of the pro ject was conducted under the 
direct ion of J . R. Curray , D . G. Moore , R. M . 
N o r r i s , G. A. Rusnak, P. C. Scruton, and F . P. 
Shepard. 

Others who have been helpful to the pro ject i n 
various ways inc lude—S. A . Andrews, P. R. Bass, 
J . L . Baughman, Peter Benson, Joan Demond , 
P. L . Engel, E. G. Gi l ley , Dona ld Green, Gordon 
Gunter , J . W . Hedgpeth, W . G. H e w e t t , E. R. 
H e w i t t , H e n r y Hi ldebrand , N o r v i l l e Jackson, 

1 
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2 F R A N C I S P. S H E P A R D 

W . A . Jones, Terrance Leary , H . T . Lee, D . W . 
Mi l e s , Paul M i l l e r , R. A . M i l l s , E. D . M i l o , J . R. 
M o r i a r t y , George Nava , H . F. Nelson, H . T . 
Odum, Mi les Padereau, Jesse Petrie, Cecil Re id , 
A . F . Richards, El izabeth Sanborn, D . B . Sayner, 
Sandra Southworth , Percy Viosca, J r . , Dan ie l 
Welch , T . L . W y n n , and R u t h Young . 

W e wish to express, also, our appreciation for the 
outstanding editor ia l w o r k accomplished b y Robert 
H . D o t t and his assistant, N o r m a Rid ley , of the 
Association's headquarters staff. 

M o s t of the results of these investigations have 
been published and are summarized i n the papers 
to fo l low. I n three papers, however, the first ma jor 
publ icat ion of results outside of the progress re­
ports is given i n the present volume. For a few 
investigations, only A . P . I . Pro ject 51 progress re­
ports have been published. These reports are avai l ­
able i n the l ibraries of most of the major o i l com­
panies, the U . S. Geological Survey, and the 
U n i v e r s i t y of Cal i forn ia at L a Jol la and Los 
Angeles. 

The northwest Gul f of Mexico was chosen b y 
the A . P . I , research committee as the f irst area for 
investigation. There were many advantages coming 
f r o m this choice. The area is one which has been 
undergoing slow subsidence w i t h accompanying 
sedimentation dur ing much of geological h is tory , 
and a large p o r t i o n of the old sediments can be 
demonstrated to have accumulated i n very much 
the same environments as exist today. The M i s ­
sissippi D e l t a provided an area o f rapid, large-scale 
deposition. The continental shelf is unusually broad 
and has diverse current conditions. Large barriers 
extend along much of the coast. The bays v a r y 
f r o m the h ighly saline Laguna Madre of the south 
Texas coast to the low sal in i ty bays east of G a l ­
veston, g iv ing a wide range of conditions for sedi­
mentat ion and ecology of the faunas. 

The field w o r k was conducted for the most par t 
f r o m small vessels obtained along the G u l f Coast. 
The Texas Game and Fish Commission and Las 
Olas Oceanography Foundat ion k i n d l y gave us the 
use of the ir boats on many tr ips around the Rock-
p o r t area and i n the nor thern Laguna M a d r e . T h e 
Louisiana W i l d l i f e and Fisheries Commission also 
provided us w i t h boats for a large par t of our w o r k 
i n the Mississippi D e l t a area. A 65-foot shrimper, 
the Neva J , equipped w i t h adequate winches, per­
m i t t e d us to carry on most of our cont inental -
shelf studies under quite favorable conditions. The 

40-foot shrimper Deanna L , loaned to us b y Gul f 
Research and Development Company, and the 60-
foot Rosemary were used f o r the early p a r t o f 
the w o r k around the Mississippi De l ta . The Ca l i ­
f orn ia Company gave us the use of their docking 
and refuel ing faci l it ies . A t r i p over the marshes of 
the delta was made possible b y using a marsh 
buggy of The Ca l i f o rn ia Company. On one off­
shore t r i p along the Texas coast the U . S. Fish 
and W i l d l i f e vessel Alaska was provided for our 
use. Some of the w o r k on the Laguna M a d r e was 
conducted w i t h an air boat whi ch allowed the t r a ­
verse of very shallow water. Other w o r k was con­
ducted b y car to areas where small boats could be 
rented. Fl ights over the w o r k areas were provided 
b y the G u l f Research and Development Company, 
Texaco, Inc . , and the Pan Amer i can Petroleum 
Corporat ion. 

D u r i n g the course of the pro ject we have 
learned the importance of certain procedures 
which w i l l be mentioned because they may be of 
value to others undertaking s imi lar projects. F i r s t , 
perhaps, is the importance of preserving al l field 
cores. Examinat ion i n the field provides some, use­
f u l data, but only the complete analyses i n the 
laboratory y ie ld the data necessary for establish­
ing the characteristics of sediments i n the various 
environments. Second is the adequate storage of 
cores even after they have been given laboratory 
study. M a n y requests have come to us for mater ia l 
long after the laboratory tests have been made. 
E x t r a mater ia l has also been needed by us for 
conf irmation of previous analyses. T h i r d is the i m ­
portance of a l l o t t ing sufficient funds to keep the 
laboratory w o r k abreast of field collections. Long 
delays i n the examination of samples may lead to 
the deterioration of the sediments, even when 
careful ly preserved, or to the loss of pert inent 
data. Furthermore , interest i n the study of samples 
taken many years i n the past always wanes. 
F o u r t h is the need f o r comparing results obtained 
i n a part icular environment w i t h i n f o r m a t i o n 
f r o m similar environments. W e found , f o r ex­
ample, that the sediments i n some of the Texas 
bays were quite di f ferent f r o m those i n neighbor­
ing bays. B y collecting comparative samples i n a 
considerable number of bays, we were able to 
understand the reasons for these differences. The 
broadening of the field o f study has allowed us to 
make generalizations which would otherwise be 
unwise. 
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P R E F A C E 3 

Diversions f r o m t ime to t ime i n the general 
p lan of procedure have proved valuable. For 
example, the study of the rocky or calcareous 
covered offshore banks was not an or iginal pur ­
pose of the pro ject . I t seemed unfor tunate , how­
ever, not to add such a study to our exploratory 
tr ips across the continental shelves. This diversion 
appears to have paid large dividends as i t led 
to our discovery of Miocene fossils on one of 
the banks, g iv ing good proof of an under ly ing 
salt dome, and i t has shown us the importance 
of the banks i n prov id ing a special source of sedi­
ment to the surrounding shelves. This case ap­
pears to be an indicat ion of the importance of 
untrammel led research al lowing the investigator 
to fo l low interest ing side leads which wou ld be 
impossible i n research w i t h more r ig id goals. 

Perhaps more than anything else the pro ject 
has shown how i m p o r t a n t i t is to use a m u l t i p l e 
approach i n diagnosing environment character­
istics. I n some localities wh i ch we studied, the 
Foramini fera serve as the best means of d i s t in ­
guishing the environment of deposition. Elsewhere 
grain size parameters are the most useful guide, 
and i n some localities the general composition of 
the constituents of the coarse f ract ion provides 
the best clues. I n almost a l l cases the best re­
sults come f r o m combining as many techniques 
as possible. M u c h could be said i n favor of a 
broad t ra in ing for a field geologist who wishes to 
determine the environment i n which sedimentary 
rocks were deposited. T h e importance of spe­
cialization cannot be overlooked, b u t this type of 
i n f o r m a t i o n needs to be coordinated b y what we 
might call a general pract i t ioner . 

I n preparing the manuscripts for this sym­
posium the editors realized that i t would be most 
unwise to expect a l l authors to have the same 
opinion on various phases of the investigation. 
Accordingly, each author has been le f t free to 
give his own opinions, whi ch do not necessarily 
agree w i t h those of the editors. However , the 
oppor tun i ty for a free exchange of the manu­
scripts among authors m a y have led to more 
accord than wou ld have otherwise existed. 
Furthermore , most of the authors have been 
work ing together and discussing their problems 
for some years, so that many differences have 
been ironed out. 

I n order to make each paper a complete en t i ty , 
i t has been necessary to repeat a few i l lustrat ions , 

and there is such repet i t ion of i n f o r m a t i o n as 
seemed required adequately to support conclu­
sions. 

T o avoid confusion f r o m the use of wide ly 
different terms for the same th ing , we have 
t r i e d to introduce some u n i f o r m i t y in to the m a n ­
uscripts. For example, we decided to use Holocene 
instead of Recent or Postglacial. This t e r m , 
used wide ly i n Europe to indicate the epoch of 
generally rising sea levels accompanying the me l t ­
ing of the last great ice caps, appears to be less 
confusing than either of the other two. Thus , 
Recent has a di f ferent meaning when i t is not 
capitalized; Postglacial is too indef inite inasmuch 
as ice caps s t i l l exist and there are many indica­
tions of ice-readvances dur ing the general waning 
of ice caps. I n general, we have drawn the bound­
ary between Holocene and Pleistocene at the u n ­
c o n f o r m i t y where modern sediments overlie ox­
idized sediments, the lat ter the result o f weather­
ing dur ing the times of glacially lowered sea level. 
L i k e al l other transgressions, the t ime of overlap 
is not necessarily the same at di f ferent places, 
b u t no other satisfactory basis was found. 

T o avoid confusion i n the nomenclature of sedi­
ment types i n re lat ion to size, we consulted w i t h 
a large number of sedimentologists f r o m various 
parts of the country, presenting t h e m w i t h several 
types of triangle diagrams w i t h nomenclature 
attached. The one chosen by the great m a j o r i t y 
and favored by most of the staff of the pro ject 
consists of a tr iangle w i t h sand, s i l t , and clay i n 
its apices. Where sediments have been analyzed 
f or sand, s i l t , and clay content, this is easy to 
apply and i t has been our practice to use simple 
terms shown i n the tr iangle . Where no separation 
between si lt and clay has been made, the con­
t inued use of the indefinite t e r m " m u d " is 
necessary (either as the adjective " m u d d y " or 
as a n o u n ) . 

T h e scope of A . P . I . Pro ject 51 dur ing the first 
seven years has been " t h e study of nearshore 
Recent (herein called Holocene) sediments and 
the ir environments i n the N o r t h e r n Gul f of 
Mex i co . " The purpose of such studies has been 
p r i m a r i l y to obtain i n f o r m a t i o n concerning the 
characteristics of the sediments and their fauna 
w h i c h m i g h t prove he lp fu l i n ident i f y ing the 
environments of ancient sedimentary formations. 
There are two pr inc ipa l methods b y which such 
results can be obtained f r o m field samples. One 
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is the microscopic and laboratory investigation of 
the constituents, size parameters, mineralogy, 
and organic content of the sediment samples, 
tabulat ing these for the dif ferent environments. 
The other is the use of modern physical and 
geochemical methods, such as mass spectrometers, 
X - r a y d i f f ract ion , polarography, and electron 
microscopes, to determine elements or rare m i n ­
erals whi ch may prove characteristic of the en­
v i ronment of deposition. B o t h these methods 
have been used i n the pro ject . T o some sci­
entists the first method has l i t t l e appeal and 
appears to belong back i n the horse and buggy 
era. Th i s may wel l be true , b u t the results whi ch 
we can report i n this volume appear to be almost 
ent ire ly f r o m the f irst method. This could be 
interpreted as meaning, first, that there has been 
so l i t t l e study of modern sediments that the 
simpler methods are l ike ly to produce valuable 
results; and, second, that the physical and geo­
chemical approach is s t i l l i n the developmental 
stage and the investigators are s t i l l concerned 

w i t h perfect ing the ir methods, so that they have 
not yet had t ime to apply their results to many 
of the pract ical problems of sedimentation. I n at 
least one way, on the other hand, the Gul f Coast 
sediment studies have received considerable bene­
fit f r o m geochemistry. The age determinations b y 
carbon 14 made for us by Shell, Socony-Mobi l 
( M a g n o l i a ) , and H u m b l e petro leum companies, 
and b y the U . S. Geological Survey, have been 
of great help to our w o r k i n g iv ing rates of 
deposition and i n indicat ing the h is tory of the 
rise of sea level along the G u l f Coast. 

I t should be emphasized that the studies of 
the G u l f Coast i n A . P . I . Pro ject 51 represent 
essentially a beginning of what can be hoped 
w i l l become a vast undertaking carried on i n 
many parts of the w o r l d . I t has been gra t i f y in g 
to learn of the i n i t i a t i o n of many other projects 
which appear to give some indicat ion that this 
hope may be realized i n the not-too-distant fu ture . 
There has certainly been a great g rowth i n the 
interest accorded sedimentation. 
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