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ABSTRA

A chart of the continental slope and gulfward botton of the
BDay of Campeche, contoured at an interval of 100 fathoms, reveals
that this area is divided into five geomorphic provinces with
strongly contrasting topography. Four of these geomorphic proviaces
lie on the continental slope. Iror the northwest corner of the 3ay
proceeding counter-clockwise the author has named them Tampico Proe
vince, Volcanic Province, Grijalva Delta Frovince, and NE Orogenic
Province. The fifth province which compriscs the portion of the

Bay gulfward of the continental slope has been named DBasin of the
Ray of Campeche,

Very 1little infornation is avallable for the area covered by
the Tanmpico Frovince, The data are more plentiful in the Basin of
the Bay of Campeche and indicate an almost fcatureless bottom here
that slopes gently gulfward., Therefore, these two provinces are
passed over rapidly,

The remaining three provinces, Volecanic Province, Grijalva
Delta Province, and NE Crogenic Province, present very interesting
and diversified topographies., The Volcanic Province exhibits a
series of benches separated by cscarpments thzt are interpreted as
a faulted lava plain., Slumping due to an overloading by volcanics
has been postulated as the factor responsible for obscuring the
benches in those areas where they are absent or only partially
identified, The Grijalva Dclta Province is an area with a highly
undulating bottor made up of large closed basins, ridges and knobs.
Tkis type of topography and the fact that it is found only below
depths of 600 fathorns is interpreted as the rcsult of slumping and
consequent folding and faulting related to the slumping. The cone
tinental slope of the HNE Orogenic Province betwecen the continental
shelf edge and the 1700 fathom isobath is characterized by a smooth
even slope of about 10945!', This slope is interpreted as a fault
scarp that bounds the probable Yucatan horst.

The change in slope between the continental shelf and the con=-
tinental slope is found to lie between 40 and 100 fathoms in the
Volcanic, Grijalva Delta and liE Orogenic Provinces.

A definite steepening (escarpment) is found along the seaward
margin of the continental slope in the NI Orogcnic and Grijalva Delta
Provinces. This escarprent is seen to lie at a shallower depth in
the Grijalva Delta Province than in the I'E Ovocenic Province. This
escgrpment 1s interpreted as indicating recent diastrophism along
the outer margin of the continental slope with the gulfward portion
subsiding relative to the landward portion, The fact that the es-
carpment is vague or absent in the profiles across the Volcanic Pro-
vince, suggests that the greatest amount of movement accompanying this
relative subsidence occurs on the east side of the Bay.
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SUBMARINE TOPOGRAPHY
OF THE CONTINENTAL SLOFE
OF THE BAY OF CAMPECHE

I, INTRODUCTION
A. Nature of the Study

The objectives of this study are trreefold: (1) to asscmblo
the avallable depth soundings for the Bay of Campoche, a southern
sector of the Gulf of Mexicoj (2) to chart thc bathymectry; and
(3) to interpret the results geomorphologically. Carrying out thesc
three objectives constitutes a rcconnaissance survey of the bottom
configuration of the Bay of Campeche.

These objectives arc carried out by a compilation by the author
of all the available dcpth soundings on the accompanying chart,
including several hundred which cannot be rcleased at present, by
a contouring of thcse soundings also on the accompanying chart, and
by the author's interpretation of the resulting topography as will
be seen in Section III, C. All data have been accumulated from re-
search other than that by the author, The author's contribution
lics in the compilation, analyzing and intcrpretation of these data,

The published rccord docs not show that thc decep water arca of
the Bay of Campcche has proviously come undir direcct geological in=-
vestigation, As it covers a large scctor of the Gulf, its study is
involved in a number of larger, particularly intcresting problems
that arc currently attracting the attention of gcologists. Paul
Weaver (1950) says about the Gulf: "The two theorics == one that
the precsent coast linc is a hinge linc, and the othor that the zono
of active movement is on thc continental slopc =~ will be tested
by geophysical surveys and to somc extent by drilling. Both kinds
of proof arc vcry rostly, and if thc geologist can obtain cnough
evidcnce from hydrographic surveys and bottom samples so that he
can rccormmend local arcas for test of the two thcories, he will
spced the cvaluation and operating program (of petrolcum dovelopment )
of the continental shelf with maxdmum cfficicncy." Many geologlsts
have givaen us thcir idcas on the origin and history of thc Gulf of
Mcxico as a wholc, but until thc cntire arca has been adequately
mapped so as to provide a sound starting point as a basis for a
theory no onc of thesc hypothesos can stand out above the others.

It was with the thought in mind of contributing to this mopping that
this research was undcrtaken,

At first it may appcar as if this study is being undcrtaken witr
insufficicnt data, However, in comparison with thc vast arcas of see
floor for which therc 48 no knowledge this contribution may be cone
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sidorcd as a part of the roconnalssanco stage of the study of the
Gulf of Moxico.

The soundings that scrvo as a taeis for this rcscarch werc
gathcred frem various sourccs. The major bulk of the data wero
obtainod from unpublishcd smooth plotting shccts produccd from
soundings taken by thc Hydrographic Survey Group under the Command
of the USS Tanncr during the wintors of 1949, 1950 and 1951, Sound-
ings woro also taken from Hydrographic Offico Chorts 2056 (East Coast
of Mcxico) and 1295 (Bahin do Campechc) and from Unitod States
Coast and Goodectic Survey Chart 1007 (Gulf of Mcxico). Thesc charts
were compiled by the above two authoritics from original surveys by
the United States Coast and Geodetic Survey, Hydrographie Office,

U, S. Navy, British Admiralty, and Amcrican Gcographical Socicty.
To these werc added data taken from fathograms made aboard the

U, S. Fish and Wildlifc Roscarch Vosscl, Alaska, while on cruiscs
to the southern Gulf of Mexdco,

Be Location of thc Bay of Campoche

The Bay of Campcchc is a broad southcern lobe of the Gulf of
Mcxico (Figurc 1, pg. 2). It is oncloscd roughly by lengitudos
90°W and 98°W and latitudes 18°N and 220N, A4t the north the Bay
mcrges widely with the Gulf of Mexico. The Bay of Campoche is
bounded counter-clockwisce by the Mexican statcs of Veracrus,
Tabasco, Carpcche and Tucatan, Because this "bay" is not at all
cncloscd, some maps do not differgntiatc it fron the Gulf of Moxico.

The broad depression which has long been tcrmod the Sigsbee
Decp is the decpest portion of the Gulf of Mcexico. This decp lios
along the ccntral part of the imaginary northern boundary of the
Bay of Campechc. Soundings show the depths tc bc greater than 2100
fathoms in thc vicinity of longitude 94°W and latitudo 23°N. Inter-
national committccs lLave recommended calling this depression the
Mcxican Basin, (Inc.mal committces advisory to the geographic
boards of Unitcd Statcs and British map moking organizations. Rcports
have been informal and arc as yct unpublishcd.)

Co Praovious Investigationg .

To the knowlcdge of the writcer, thcr: hnvc been no dcetailed '
investigations intc the geologie naturc of the bottom of the Bay of
Campeche scawnrd of thc cdge of the contincntal shelf. Howcver,
there have been numcrous studics of the arcal geology of the border-
ing coasts with somc spoculaticn on the outlying continental shclf.
Larger contributions covoring the regional historical and structural
geology of thc Gulf of Mcexico have appcared frequently sinco Eduard
Sucss (1888) first gave us thc idca that the Gulf was formed by the
collapsc of thc forcland of the Antillcan cordillcra and that its
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outline was not influcnced in any visiblo manner by the coursc
of thc mountain folds.

Tho only trcatisc on the gencral geology of the Amcrican
Mcditcrrancan is that by Charlcs Schuchert (1935). Morc rocently
the knowlcdge of the coastal plain, shorclinc, and contincntol
shclf of Mexico has bcon furthcrod by cxcellent studies by Monucl
Alvarcz, Jr, and Frcderico Mina (1951), V. R, Garfias and T, C.
Chepin (1949), W. Armstrcng Price (1953), and J. L. Tamayo (1949).
Rocently ideas on the historical and structurzl geology of the
Gulf of Mexico have been advanced by W. H. Bucher (1941), Al J.
Eardlcy (1951), W. Armstrong Price (1951), J. He F. Umbgrove (1947),
and Paul Wcaver (1950), Thesc arc currcntly surnmarized by S. A,
Lynch (1953MS),

D. Acknowloedgnents

The author wishcs to cxprcss his sincere appreeiaticn to
W. Armostrong Pricc for his dircction and the time he has spent
in confercnee with the writer. His suggestions and criticisms
have becen most helpful and his intcrest in this study has been
very cnccuraging.

Additional thanks arc duc Warrcen C. Thompson who was cver
wiliing to discuss any problem that arosc and whc was responsible
for the original discussicn that startod the writer in scarch of
answers to somc of the problems dcalt with in this thesis, The
writer is indcbted to Charles C. Bates whe helped in sccuring in-
formation and te Paul Weaver for rcading the manuseript and offcring
neny valuable suggestions,

Acknowlodgnent is mado to the U, S. Navy Hydrographic Officc
which supplicd ccrtain soundings without which this study could not
havce been completeds A firal debt of gratitude is owed by the
auther to his wifc, Barbara, for herc carcful drafting of the accon-
panying figurcs and chart,

This study was supportcd by contract between the Texas 4 & M
Rescarch Foundation, the Officc of Naval Rescnrch (N7onr-48702) and
the Navy Hydrographic Offico,

II, SURROUNDING ARPAL GEOLOGY

Such fcaturcs of thc geonorphology and structural goology of
the landmass bordering the Bay of Campeche as have a becaring on
the submarinc gcomcrphology will bec discusscd as an introduction to »
the submnrinc study.
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Figure 2. Profile of the Continental Slope and Portions of the
Adjacent Continental Shelf and Bay Bottom along 92° West
Longitude off the North Campeche Bank. (For location of A-A
see Chart in Pocket)
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The most prominent features of the bordering landmass are the
the coastal plain and continontal shelf which arc broad on the cast
and narrowcr on the west., For simplicity thc contincntal shelf will
here be assunmed to have the samc general characteristics as the ade
Jacent coastal plain,

The outline of the Bay of Campechc, which is semicircular, is
controlled dircctly by the surrounding structurcs. The shorelino,
which is striking southward along thc wcstern margin of the Bay,
is forcod to curve southcastward first by folds of thc Eastern
Sicrra Madro, west of Tampico, and then by the Neo=Volcanie Core
dillera of Southcrn Mexico. The Sicrra Madre structurcs trond
into thc coast at an anglc of about 25°, Thc volcanic rocks pro-
ject toward the cast. Pricc (1953) statcs that the shorolinc is
curving to adjust to thcsc two trends which combine to producc the
curve, The shorclinc again trends nearly N-S along thc wost coast
of the Yucatan Peninsula which is belicved to bo a unit horst with
ninor fault blocks, Thercforo the major structurc of thc Bay is
a concordant basin in that thc shorclincs in goncral strike parallcl
with thc majer structural lincs of thc adjaccent coast.

The coastal plain oxtonds around thc Bay of Campeche as a
virtually unbroken band with maximum widths of 210 milcs across the
Yucatan Peninsula, 70 to 100 milcs in thc Isthrus of Tchuantcpce
at thc southcrn cnd, and 150 nilcs ncar Tempico at the west. The
narrowcst parts arc at thc southwest where the Voleanic Province
intersccts it almost pinching it out completcly. In gencral the
coastal plain is inclincd toward thc sca with slopcs ranging from
10 fcet/milc to 1lcss than 2 foct/mile, The coastal plain is in=-
terruptod ncar latitudc 209N northcast of thc city of Jalapa where
volcanic rocks of thc Southcrn Volcanic range or zonc (Sicrra Nco-
Voleanica of Tamayo 1949) with structurcs cast of thc Sicrra Madre
forn a broad projccting coastal salicnt, Jdnother salicnt of similar
sizc is formcd by thce disconnccted volcanic mass of the Sicrra de
los Tuxtlas with many minor projceting points along shorce This lics
just northwest of Pucrto Mcxico (Coatzalcoalcos).

The coastal plain fron thc Volcanic Provinco to thc Yucatan
Peninsula 1s composcd of cxtensive raineforcst swamp on deltale
dcoposits., According to Pricc's clagsification of shorelincs and
coasts (1953) the cntirc arca from thc laguna dc Terminos (90040'W
Longitudc) west to Pucrto Mexico is of arcuatc dclta form, composed
of the dclta plain of a group of large rain-forcst strecams,

The NW portion of this southcrn arca, in thc southern part of
Vercruz, has numcrous salt nasscs and salt domos (Alvarcz and Mina,
1951) one of which has becen discovered undcr the shelf. Submarine
ridges on the sca floor in this arca havc bocn callod salt anti-
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clincs., Both great faults (Woavor, 1951) and folds (Alvarez, 1949)
strikc the coast at an anglc in this region.

The Poninsula of Yucatan is, in offecct, alrost fecaturclcss for
the purposes of this papcr. It is an oxtcnsive, almost flat, limc-
stonc 'slab! that riscs very 1littlc above sca level. It appears to
boe a huge horst which is the major structurc of tho cntirc peninsula.
Tho horst is flanked by major arcuate folding on the cast. On the
west there 1s a minor fold or fault-block at thc coast between
Chanpoton and the town of Carpoche,

Heavy carthquakes arc conmon in the nounteins and volecanic arcas,
but only light shocks arc rcported for the irmediatc coastal arcas.
No authcnticatcd submnrine scisnic activity is rcportcd in the Bay.
San Martin Tuxtla (ncar Roca Partida) has beon slightly active twice
in historic timc. It is only 10 niles fron the Bay, the clcsost
known rceently active vent, Faults and folds arc known on the shclf
as previously noted. Stcop scarps bordering the Yucatan Peninsula
indicatec large faults thorce Unconfirmed rcports of shoals off the
shclf in the Bay of Carpechc may be disrcgarded until substantiatced
by further soundings (Price has dropped his former, 1951, inter-
prctaticn of varicus unconfirmed reports that thcre nay be volcanic
pcaks in the Bay, that onc was active in 1904 ond that igncous rocks
occur in western Yueatan),

111, BATHYMETRY
L. Contouring

Because of the scarcity of published information on thc bathy-
netry of the Bay of,Campeche the writcer had ne ecnscious preeon-
ccived ideas on the ocutconc when the mechanical process of contcur=
ing the collected scundings was begun, The sccond and succecding
contourings, howevcr, contain intcrprctations nmade by the writcr.
The interpretations will be brought out in the discussions of
specific arcas.,

The contour intcrval of 100 fathoms choscen for the map (Pockct)
nay cppear too large but, it was neccssary to use this intcrval so
that thc areas of both donsc and lcan data night be covered uni-
fermly. Tho contours themselves arc broken down intc threce classi-
ficatlons: (1) solid contours arc thosc constructed in areas where
the density and rcliability of soundings arc sufficiont to give rc-
sults with little if any interprectation; (2) dashed contours arc those
through arcas of scatterod soundings which arc necossarily placed
with some intcrpretation; and (3) alternately dashed and dottod cone
tours are those that pass through arcas of no data which, thercfore,
arc cntircly intcrpretive.
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Numerous factors regarding the rcliability of soundings and
rcsulting contours must be kopt in mind., The soundings taken in
the carlicr surveys worc by lead linc which has not been considcred
as accurate undor nmost conditions as modern sonic mothods which con-
tinuously rccord the bottonm configuration. Positioning the soundings
by astronomical fixos was probably corparablc on both carly and late
survoys, However, dead rcckoning can be considered to have a higher
dogreo of accuracy on modern surveys sincc sailing vesscls were
laregly at the norcy of the variations of the wind. Therefore an
oarlicr sounding was discarded for a modern sounding in cases of con-
flict., Thosc soundings in dense sounding arcns werc considered more
rcliable than seattercd soundings because in the dense arcas adjacent
soundings scrve as a check ¢n cach other, Soundings ncar islands or
within sight of land arc given addcd reliability beecausc of the ine-
crcascd casc in positioning of thesc points. The scundings positionced
out of sight of land werc placed by astrcnordezl fixcs and/or dead
rcckoning, and crc probably nct norc accurate than plus or minus ono
nilo. Where intersceting or adjacent lincs of soundings consistently
show large contrasts in dcpth or an artificial looking 'zige-zag!
topography, errors in position arc indicatcd., In sonc cascs such
errors arc too large for uscful adjustrncnts to be madce.

Be Description of Topography

Five provinces or sceters of the Bay of Campcche orc covercd by
this thesis (see chart in pockot). The first fcur cover the con-
tinental slope. They arc: Tanpico Province —— between Tampico and
Pt. Dolgada; Volcanic Province — between P4, Delgada and an imaginary
1inc connceting thce point at which 94°W Longitude intcrscets the
coast and the intcrscction of 95°W Longitude and 20°N Latitude;
Grijalva Delta Provincc -= betwoen the castern boundary cf the last
province and thc point wherc the 100 fathon isobath intcrsccts 219N
Lntitude; NE Orogenic Provinco == betwecn the northcast bordor of the
last province and the intcrsection of the 100 fathor isobath and 1
92°W Longitudc., The fifth province 1s thc Basin of the Bay of :
Canpoche which 1ics offshore from the fcur provinces alrecady described,

The seaward b undary of the contincntal shelf is marked all {
arcund thc Bay of Canpeche by a change (stccpening) in botton slepe -
which, off the west and ncrth ccasts of the Yucntan Peninsula and ,
off Veracruz is very abrupt., This change occurs rather uniformly at ;
a dopth of 100 fathoms cxcept in profilc F-F (Figurc 3, pge 7) where '
the steepcning occurs at 40 fathoms, This abrupt change is best
secn (Figurc 2, pge 5) off the north sidc of Crnpeche Bank in a
profile (A-A) running N=S along 92°W Longitudc and trending ncrmal
te the strike of the continental slopce Tho slcpe of tho botton
of thc shelf fron shere to n depth of 50 fathems avorages 3'/mile
(0°02'), From herc tc the 1700 fothom isobath on the continental }
slopc the gradient averages 1000'/bilc (10°45'), This gradicnt
then flattens rapidly to Join the cssontially flat botton of the
Gulf of Mexico.
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Tho charactor of the continental slope off the Volcanie Province
(Figure 3, pg. 7) is strikingly diffcrent, although the stcepening
at the shelf odge and its abruptness arc comparable to the last de~
scribed break., The profiles of tho continental slope in this area
have a definite concavity with an upper stecp slope descending to
variable depths between 400 and 650 fathoms, followed by a more
gentle lower slopc to the bottom of the Bay. Each of the profiles
drawn indicate a slight stcepening at the 40 fathom level, the change
being pronounced in profile F=F., The gradient of the shclf from
shorc to the 40 fathom isobath averages 13'/mile (0°08'). Then there
is a slight increasc in thc gradient to the 100 fathom isobath (with
the cxception of profile F-F) at which point thc abrupt steepening
occurs and tho gradient incresscs to 760'/milc (8°11'). This figure
is taken from E«E but is represontative of all the profilcs. This
gradicnt bceomes more gentle below 400-650 fathons with an average
from this point scaward of about 136'/milc (1°30') or lcss. The
overall gradient of the continental slope averages 157'/milc (1042').

The offshore slope of thc Grijalva Delta Province (Figure 4,
pge 9) is much lecss distinct. Landward of the break whick lies be-
tween 40 and 50 fathoms the gradiont averages 11'/milc (0°07'), and
scaward the average is 61'/nilc (0040'),

The width of thc contincntal shelf is highly variable., At
Tampico the width is 120 riles. Southward, thc shclf narrows sharply
to about 8 miles off Roca Partida, 35 nilcs cost of Alvarado, North-
cast from Roca Partida the shelf widens tc a raximur valuc of 130
miles off Palnas Point on thc NW coast of thc Yucatan Peninsula.

Tampico Province

The data for the Tarmpico Provincc arc so scanty that few de-
tails may be described. Perpendicular to shorc off the eity of
Tampico 1s a steep-sided ridge that extends somc 35 miles beyond
the edge of the shclf. This ridge is outlincd by the 100 fathon
isobath with somec prebablc peaks the shellowest of which reaches
to within 5 1/2 fathons of the surfaco, The raxirun rclicf off the
eastern end is 950 fathors. The other featurc, which 1lics to the
southcast of Tampico, is less well known., As marped on Chart 2056,
U, S. Hydrographic Officc, its shallowcst depth is 73 fathons and
its rclief 1is 200 fathoms. Both of thesc features arc somewhat
doubtfully reported to havc been confirmed by later surveys.

Hydrographic Office Chart 2056 alsc shows a large protuberance
in the 100 fathon isobath (dotted on the cncloscd chart) Just to
the northeast of Pt. Delgada. This disappcars when thce now informae
tion i1s added. The scaward portion of this nosc can be confidently
reroved because of the coursc of thc rclianble 600 fathonm isobath,
The romainder of the nosc is smoothed by interprctation.

=]le




Thc contours within the area onclosed by longitudes 96°V and
97°W and latitudes 21°N and 22°N are drawn ontirely by interpretation
as 1s scen by their alternately dash-dot character, They were drawn
essentially parallel to the coast line and the sonewhat nore reliable
seaward contours, This interpretation is based on scattered soundings
found on the northern and southern borders of the area is in agreement
with the character of the ccntinental slope irmmediately to the south,

Voleanic Province

The contincntal slope of this province narrows sornewhat and has
an irrorular topography. Numerous shoals have beon reported here in
deep water, but only the one shown off Veracruz is reported to have
been confirmed. This shoal has previously been interpreted as a ridge

but is here shown as a peak only, since, within the accuracy of position-

ing, dcep water passes between the shoal and the edge of the shelf,
Contouring difficulty encountered in thkis arca was due to a difficulty
in adjusting conflicting parallel sounding lines that were produced

on separate dates. Therefore, although there appear to be indications
of submarine canyons on the slope herc they rmust be viewed with caution
because of possible residual sounding line errors.

Profile E-E (Figure 3, pg.7) has three distinct benches on the
lower portion of the continental slope, two of which are flat. The
higher one lies tetween 680 and 740 fathoms with a gradient between
these two depths of 63'/mile (0°41'). The riiddle bench lies at a depth
of 900 fathons and is flat for a distance of 3.6 niles, Below this
bench the gradient increases uniforrly, reacking an average of 156'/mile
(1°42'), At a depth of 1040 fathoms it flattens out again for a dis-
tance of 6.8 niles forning the botton bench. These benches may also
be seen in profile D-D (Figure 3, pg.7), which lies just to the north,
although the upper bench i3 not too distinct. Slight benches are also
seen in profiles B-B at a depth of 960 fathors, C-C at depths of 930
and 1030 fathoms, and in F-F at depths of 1080 and 1240 fathoms,

Grijalva Delta Province

The continental slope here widens to ovur 100 miles. The topo-
graphy 1s characterized by its irregularity and high relief. As is
seen from the contoured chart (Pocket), the data along the outer mar-
gin of the slcpe and along the meridian of 94°. Longitude permitted
detailed delineation of the topography. This dclineation pernits the
writer to extend his interpretation to the rcrainder of the province,
The pulfward margin, when contoured mechanically has a highly irregular
topography with a high to the east reaching upward to 720 fathons, a
maxirum seaward relief of 300-400 fathons and a minimum landward re-
lief of 100 fathoms. To the west is o similar high with the shallowest
points at 600 fathons, a maxirum relief of 600 fathoms and a minirum
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of 200 fathoms., Both of these highs hauve ENE-WSV trending axes. The
high to the west contains two basins or troughs in the central portion
along a line that lies normal to the axis of the high, The seaward
basin reaches a depth of 1100 fathoms and the landward basin a depth

of 1075 fathoms giving the former a relief of 475 fathoms and the latter
a relief of 260 fathoms, Three valley-shaped features serve to separatc
the highs and 1imit their NE and SW ends,

The profile (G-G, Figure 4, pg. 9) taken from a continuous fatho-
gram along 94°W Longitude also indicates a highly undulating bottom.
From the edge of the continental shelf out to a depth of 600 fathons
the bottom has a fairly uniform gradient of 78'/mile (0°51'), This
smocth slope is interrupted in two places near the shelf edge by de=-
pressions with relief of 80 fathoms each. Seaward of the 600 fathom
isobath the gradient is reduced to an average 52'/mile (0°34'). This
portion of the slope consists of a series of rises and depressions with
maximum relief of 440 fathoms,

Along the eastern margin of this province the slope which had a
trond of ENE-WSW bends sharply northward assuring a NeS strike along
longitude 92°30'W, This marginal zone can best te included in the
description of the NE Orogenic Province.

NE Orogenic Province

The continental slope in this province is part of one of the
great scarps of the Gulf Basin recently discussed by Weaver (1950).
This scarp has a gradient of 1000'/mile (10°45') and seems to have
a stoep smooth slope down to a depth of 1700 fathoms. Frorm this depth
seaward to the alnest flat Gulf bottom at 1940 fathoms the gradient
is reduced to 80'/mile (0°52') and the bottom is gently undulatory.

On the west side of Campeche Bank the edge of the shelf lies at approxi-
mately the same depth as in profile A-A (Figure 2, pg. 5), but the
steep gradient does not begin until the 200 fathors isobath is reached.
The base of the steeper gradient occurs at a higher level than in
profile a~d, ending between the 1200 and 1300 fathon level. The

steeper gradient extends southward into the Grijalva Delta Province

but with a reduced value and a base at a depth of only 800 fathoms.

The gradient is reduced to less than 1° as the trend of the slope

turns toward the west.,

The secaward edge of the continental slope in the Grijalva Delta
and NE Orogenic Provinces is indicated by an ~brupt change (reduction)
in slope as was the case (increase) with the outer edge of the con-
tinental shelf, This break in slope is not generally seen in the
Volcanic Province but may be present locally, as seen in Figure 3,
profiles D-D and E-E (pg.7). As the margin of the continental slope
is approached, a definite steepening is seen in the profiles of the
three provinces, ending in the almost flat botton of the Gulf of
Mexico. The base of the continental slope lies at d ifferent depths
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at the throe places described, with the deepest slope margin in the
NE Orogenic Province and the shallowest in the Volcanic Province.
This steeper slope or escarpment in the NE Orogenic Province lies
between 1500 and 1700 fathoms and has a gradient of 1337'/mile
(14°12'), The escarpment in the Grijalva Delta Province lies be-
tween 1170 and 1420 fathoms and has a gradient of 1003'/mile
(20°45'). The possible local escarpment in the Volcanic Province
lies between 1040 and 1220 fathoms and has a gradient of 885'/mile
(9°30'). Seaward of these escarpments the gradient of the bottom

is essentially flat continuing out into the Gulf of Mexico on slopes
of about 19'/mile (0°12'), Although profiles B-B, C~C, and F-F (Fig-
ure 3, pg. 7) may seen to have a slight terminal escarpment, they
generally approach the surface of the bottom of the Bay tangentially.
The portion of the bottom of the Gulf of Mexico that extends into
the Bay of Campeche is featureless, as seen on the contour chart
(Pocket), except for the one basin {?) at 95°15'W Longitude and
22020'N Latitude which has a relief of 100-200 fathoms.

C. Geonorphic Interpretation and

Discussion of the Results

For purposcs of discussion tho Bay of Campeche was divided into
provinces since it does not readily lend itself to one overall ine
terpretation. The provinccs were so named for the following reasons:
(1) Tampico Frovince -- this province cannot te given a name with
any connotaticn as to its origin because of tlc sparsity of reliable
soundings; (2) Volecanic Frovince = so named because volcanism and I
associated diastrophisn appear to have played a roll in controlling ]
the botton configuration in this area; (3) Grijalva Delta Province —
extensive sedimentation here has been a controlling factor in the t
developrient of the topography; (4) NE Orogenic Province -- the uplift
of the Yucatan horst appears to have produced the major feature here; b
and (5) Basin of the Bay of Campeche —- this province is the rerain- \
ing area seaward of the continental slope.

Tampico Province

garding the orizin of tre extensive transverse ridge which extends
out onto the slope off Tampico. The ridge is rcferred to as a
"large submerged mountain range" by Price (1953)., With the linited
information available in this area the writer can at best just pre-
sent the two most likely interpretations. This ridge may be either
formed by a series of originally disconnected volcanic peaks that
have been joined by outpourings of lava or it may bte a remnant of
the floor of the Gulf left standing as the floor was downfaulted.

)
')
The only interpretation feasible in this province is that re-~ t
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The slope in this area is expected to exhibit some of the sanme
general features as seen off the Grijalva Dclta as further investi-
gations are carried out, These features will undoubtedly not be as
extensive, 1f found, because the deltaic areas south of Tampico -
nostly off Veracruz - are small in comparison with the Grijalva
Delta. The fact that any peak-like features seen off Tampico may
be of volcanic origin cannot be overlooked because one of the
striking geologic features of this area is the number of volcanie

plugs and other igneous hills present (Ordonez, 1936, Geologic Map
of North America),

Volcanic Province

The continental slope in this province is steep (8°11') and
narrow (about 25 miles). These facts when coupled with the presence
of an adjacent orogenic coast suggest that diastrophism has deter=-
mined the overall character of the slope. The lack of any great
arcunt of sedxmentation in the area until possibly Pleistocene
time (Price, 1951) lias made it possible for this narrowness and
steepness to remain essentially unchanged.

The lesser features, particularly the benches prominent in
profiles E-E and D-D (Figure 3, pg. 7), may indicate anotrer con-
trolling factor in thLe formation of the bottom topography. On pro-
file E-L therc is a slight bench at the edge of the continental shelf
Just before the abrupt change in slope, then a steep slope followed
by a series of minor irregularities and arother bench followed in
turn by two more sets of benches with steep slopes both to seaward
and landward. Since this province lies offshore fromand in an
approximate 1ine with the E=W Volecanic Province of Mexico these
benches could possibly be tied in with the adjacent volcanism and
accompanying diastrophism. They can be explained either as formed
by lava laid down in place or as a step-faulted lava plain that was
origirally at a shallower depth. The escarpments on either side
of the benches tend to favor a diastrophic origin for the placing
of the benches. lowever, further investigation with numerous cores
from the escarpments will be needed before this idea can be given
any validity. Although minor benches can be seen on the other pro-
files they do not appear to have a direct connection with the larger
benches just described which illustrates that the horizontal extent
of any one bench is lirited.

Slumping which is thought to be a majcr control of the topography
to the east of this area nay also play a major roll in the develop-
ment of the topography of this slope. The irregular portion just
below the steep inner margin of the slope as seen on profile E-E
(Figure 3, pg. 7) may bc due to slumping caused by a possible over=-
loading by lava at the continental shelf edge. Price (1951) also
holds to the beliefs that "This shelf is prodebly, in part, frag-
mented by diastrophism" and possibly heavy loads of volecanic materials
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helped overload the shelf areas, This slumping may be a factor that
limits the horizontal extent of the benches, The irregularity at the
base of the upper steep slope, which has been attributed to slumping,
is seen only in profile E-E which is also the profile that exhibits

the best developed benches. Profile D-D has the two lower benches well
represented but the upper bench is obscure. Slumping may account for
this also if the material involved, instead of stopping at the base of
the steep slope, producing an irregularity at this point, continued

on seaward spreading out uniformly thus tending to hide the upper bench.
The virtual absence of benches on the other profiles may also be due
to this process, either by the occurrence of large amounts of material
involved in the slump or by slumping initiated below each bench duc to
an overloading by the lava forming the bench.

The overall lack of irregularity in the profiles (Figure 3, pg. 7)
in relation to the adjacent area tc the east may, in part, be due to
the sparsity of scdiment available to this area. This lack of sediment
is brought about by the proximity of large mountain ronges on two sides
and the fact that uniil recently the southern portion of Mexico was
a region of large basins of internal drainage. Even if feirly large
arounts of sediment had boen available, the slope might not have been
snoothed against the factors of steep slope present and diastrophism
which is known to have been recently active in thc nearby E<W Voleanic
Province.

The one peak thot Lhas been retained as confidertly placed on the
slope (27 miles off il.c ity of Veracruz) is internreted as being of
volcanic origin, It~ r'1.~f which is on thLe order of 35.0' places
it out of the salt ir-rc-on classification tc the writer's way of
thinking, The fact that soundings have been placed all around this
peak that do not show fluik depths indicates that the horizontal ex-
tent is limited. This fact tends to remove the possibility that the
peak 1s a linear conprossional feature, It is entirely possible that
other peak-like features may be present in this province. There are
a number of areas of lirdted sounding covera;e where a peak may be
present,

Grijalva Delta Prcvince

This province has been subjected to the grecatest amount of specu=-
lative interpretation. Therefore, this portion of the chart (Pocket)
has been retained as it was first mechanically contoured so as to allow
the reader to interpret what he belleves to e rost likely. The con-
tour chart as 1t stands indicates two brond highs and a number of
minor depressions. The profile (G=G, Figure 4, pg. 9), however, which
was taken from a fathogram, shows the highs and dcpressions to be much
more numerous than indicated by the contours along the outer margin
of the slope. The sounding lines which provided the information used
in contouring the outer margin of this slope, and thus produced the
linear highs shown, run parallel to the strike of the highs, The
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suspicion was immediately aroused that the linear trend was due, at
least in part, to errors in scale along lines of soundings that all
run in the same direction. Therefore these linear highs are possibly
anomalous. The writer believes that the sinuosity of the contours
plus the undulations seen in the profile indicate a bottom topography
very similar to that found by Treadwell (1949) on the continental
slope in the NW Gulf of Mexico. These indications all add up to the
idea that the topography here is composed of closed basins, ridges,
and knobs (canyons and escarpments which may be present must be left
for determination by future investigators) which probably would be
seen to be of much less horizontal extent than indicated by the con-
tours if more information were available.

This type of topography, which the writer considers to be charac~-
teristic of this province from the present data, appears to extend the
entire length of the province and from the escarpment along the outer
margin into a depth of 600 fathoms., Therc are two reasons for assign-
ing this extent. First, the width is indicated by the profile (G-G,
Figure 4, pg. 9) which runs essentially normal to the strike of the
continental slope, and the contours along the seaward margin of the
slope give an indication of the length. Second, the dashed contours
on the rcmainder of the slope have a highly sinuous character rather
than L:ing straight and running generally parallel to the coast, This
suggests an uneven topography rather than a smooth slope.

In this province the continental slope reaches its maxirum width.
Tamayo (1949) and Frice (1951) have held that the large deltaic plain
to the south indicatecs that the continental ~argins have been sub-
stantially projected seaward by sedimentation. DNeither of the adjacent
provinces show good signs that any large degree of sedimentation has
been active in the past or is active at present. Therefore, the greater
portion of this large supply of sediment must have been deposited at
the continental margin in this province. As this sedimentation con-
tinues along the continental shelf margin an unstable condition must
result because of the absence of any retaining feature to seaward.

The process by which this unstable condition is relieved is probably
also responsible for the topography found todey on the continental
slope.

The relief of the unstable condition and the basins, knobs, and
ridges that characterize most of the bottom configuration and their
presence at known dcpths at no less than 600 fathons may be explained
as a result of faulting, isostatic adjustmcni, slumping or any combina-
tion of these. Russell (1936) attributes tho differential subsidence
of sub-delta portions of the Mississippl Delta to isostatic adjustment
brought about as a result of overloading of the crust of the earth by
the delta scdirentation. From Fisk's (1944) fault-line map of the delta
area, however, it would be pogsible to conclude that this subsidence
might be connected with movements of fault blocks. These processes
may also be applicable to the Grijalva Delta Province since they would
tend to remove the unstable situation and could produce the topography
present,
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Subsidence due to isostatic adjustment requires that the area
have a sufficient overburden which appears to be present. Faulting
as a cause of the observed conditions is also plausible. Certainly
sufficient diastrophic activity is known in the area or may be extra-
polated into the area, An escarpment is present along the outer
rmargin of the slope providing definite procf of activity. The con-
tinental slope in this province lies on a line projected from the gen-
oral strike of the E-W Volcanic Province of Mexlico and the Volecaniec
Province of this report. If the volcanism actually extended to this
province then a further diastrophic activity factor may be postulated.,
However, no signs of volcanic activity have been noted in this area
(i.?. no volcano-like peaks or extensive flow-like areas are discerni-
ble).

The writer does nct believe that either of the first two mentioned
processes can account for the exceptional width of tilie continental
slope plus relieving the unstable conditicn and producing the cbserved
topography. The slumping process is preferred. All three of the con-
ditions are met by the process of large rasses of sediment slumping
fron the edge of the continental shelf which in turn produces folding
and faulting in the agitated areas. This would also account for the
elongate features on the outer margin of the continental slope since
compression produced by slumping would act.in a direction normal to
the margin. The fact that large amcunts of sediment may be trans-
ported long distances has recently been piven strong support by
Heezen and Ewing (1952) — "The large scale movencnt after the Grand
Banks earthquake serves as overwhelming proof that currcnts do occur
which will transport large amounts of sedirment far out into the ocean
basin.” The currents nertioned by Heezen and Zwing are believed to
have been generated by slumping which affected an area 80 by 150 niles
along the continental slope,

The only other area in the Gulf of liexico exhibiting these unusual
topographic conditions is that offshore from Texas and Louisiena. The
same type of topography was found (Treadwell, 1949) on the continental
slope here as the writer finds in the Grijalva Delta Province. Treadwell
also suggests slumping, folding, and faulting as the cause of the slope
topography. He believes, however, that "diastrophisnm is probably the
only agent that could produce closed basins of the type and magnitude
common in the area." The presence of the escarpment at the seaward
edge of the continental slope which is interpreted as a fault scarp
suggests that there has been recent diastrophism in the area. This
activity may possibly have been the triggering action setting off the
slump and may have continued during and after thc slumping, thus aid-
ing in the formation of the closed basins, knobs and ridges.

NE Orogenic Province

The continental slope in this province is the simplest in charac-
ter and gives the least difficulty in interpretation. At the scale

~18-

e

1

[}

- i T— g N v ~ S————— vrem—



used in this study, the slope appears uniform, With the data
available at present the profile (A-A) in Figure 2 may be taken as
representative of the entire continental slope in this province. The
extremely narrow width of the slope (10 milee at the profile location),
its sheor drop (10945') to depths of 1700 fathors, and its smoothness
are hard to explain any other way than by orogeny. The slope is
interpreted as a fault scarp which bounds the probable Yucatan horst
(Price, 1951). The stcepening of the scarp along the base of the slope
may indicate a more recent diastrophic activity.

The escarpment that forms the eastern margin of the Grijalva Delta
Province is an extension of the scarp to the north which has already
been discussed. One interesting feature that appears on this extension
is tl.c sudden change in direction of the upper margin of the slope from
a N=S5 to an ENE-WSW trend., This curve alone is not difficult to ex-
plain since the uplift of the Yucatan horst across the normal trend
of the coast would create a sharp bend. FHowever, the change in trend
lies directly offshore from a similar protuberance in the coast line
of Yucatan. Price (1953) classifies this portion of the shoreline
and coast as "Fault block, tilted or upthrust (horst), scarp or
scarps run inland." The similarity of the onshore and offshore features
leads to the interpretation that there is a possible zone of cross
faults (en echelon) that extends out to the continental slope at this
point.

The lower portion of the continental slope alsc exhibits a sharp
westward bend. Just after the scarp crosses the 21st parallel, the
portion below 1000 fathoms changes its strike from N=S to E-W, The
gradient of this part of the slope is maintained around the bend,
therefore, this E-W trending scarp is also considered a fault scarp.
This scarp is probably the result of cross-faulting and mey have
a relationship with the scarp bend in the upper portion of the con-
tinental slope that occurs farther to the south.

Bagin of the Bay of Canpeche

The bottom of the Bay of Campeche north of the continental slope
appears to have a smooth, gentle, gulfward slope towards the Sigsbee
Deep. The only interruption in this even topography is the possible
basin at 95°15'W Longitude and 22020'N latitude which has an indicated
relief of only 100-200 fathoms., The conclusions reached in this study
tend to make the writer follow Paul Wecaver (195C) when he "-= proposes
the theory that the Gulf of Mexico as a deep sca is young, and that
its present central great depth is due to down-faulting, localized
most intensely along the continental slope west of Florida and the
slope adjacent to Yucatan, and that along these rajor lines the
greatest single displacement took place, but that even where the cone-
tinental slope is less stoop, it is a zone of faulting, possibly at
several periods." This theory is supported by the presence of the
escarpment along the outer margin of the continental slope which
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sugpests recent downfaulting of the scaward portion. The appcarance

of a strong, definite scarp off Yucatan and the Grijalva Delta and

the local nature of scarp lengths towurd the west off the city of
Veracruz indicate that the movement increases from west to east, A
statement by Tanayo (1949) concerning the Yucatan Peninsula also tends
to support this view. "Emergence is still nerceptible, as may be seen
at Progreso, where in 28 years the sea has retreated 200 meters" (trans-
lation by the writer),

IV, SUGGESTED CRITICAL AFEAS

FOR TUTURE INTZSTIGATION

To complete the data necessuzry to contour the bottom of the entire
3ay of Campecke and its margins, many soundings are obriously needed,
To test the geological in*ernretations of the strixing features of the
Bay made by the writer and others, it is desirahl: to have cores from
certain critical areas,

For example, more data are obviously needed in the Tampico Province
and in the Basin of the Bay of Campeche. Thers are almost no published
data on the Tampico Frovince, so that any additionesl data will be a
contribution here, There are abundant soundings Jor the western rector
of *the Basin of the Bay of Camneche, but they were all tcken along
parallel lines, giving anomalics that have not teen satisfactorily
corrected., A number of lines of soundinzs r~unnine [7!<SE across this
area would be most helpful, The eastern sector i3 another area of
very scanty data,

The Volcanic Province presents a different problem, Here the
data are adequate but to use them to best aavantare it will be necessary
to obtain cores from which the validity of the internretations made
in this report may te tested,

More data in the Grijalva Delta Province, particularly in the SE
portion, are desirable, slso more soundirg lincs running normal to the
strike of the continental slope are needed to correct the suspected
anomalies in the present -ata,

Before it will be important to oproduce more s undings in the NE
Orogenic Province, it would be advisavle to obtain cores from the face
of the continental slope, These cores would aid oreatly in testing
the interpretation that the slope is a fault scar» face,
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