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ABSTRACT

Free-air gravity anomalies along portions of 27 shiptracks
observed in 1970 during five cruises of the USNS "GEORGE B.
KEITHLEY" in the area of the Texas continental shelf and part of
the continental slope reveal a continuous linear wmaximum, bifur-
cating at the latitude of Baffin Bay, of as much as +32 mgals
which may extend along the entire Texas continental shelf at dis-
tances of 40-75 km offshore. An oval positive anomaly of +57
mgals exists offshore Port Isabel, Texas.

A regional gravity map, prepared from the "KEITHLEY' data and
land Bouguer gravity data available in the literature reveals that
a positive Bouguer anomaly similar to the linear free-air maximum
offshore is present southwest of Freeport, Texas, while the oval
anomaly offshore Port Isabel is shown to extend onshore and 1is
associated with sediment loading on the continental margin by the
Rio Grande Delta.

A crustal section perpendicular to the coastline in the vicin-
ity of Port O'Conner, Texas, constructed using a two-dimensional
gravity model, indicates that the Freeport maximum and the linear
shelf maximum may be caused by high density, probably ultramafic
intrusions up to 14 km wide within the basement of oceanic crust
offshore and the Paleozoic meta-sediments onshore.

Magnetic models of the intrusion using an aeromagnetic profile
extending southeast from the vicinity of Galveston yileld depths and
widths for the intrusive similar to those indicated by the gravity
model near Port O'Conner, approximately 200 km to the south., Plot-
ting the locations of the gravity maximum along 18 of the shiptracks
indicated apparent strike-slip displacement of the intrusive, per-
pendicular to the coast, of as much as 14 km.

Integration of the gravity and magnetic data presented in this
thesis with modern examples of extensive ultramafic intrusions and
a recently published model for a late Triassic opening of the Gulf
of Mexico by sea-floor spreading suggests that the ultramafic in-
trusions along the Texas coastline may represent a 'relict'" site
of the original rifting of that time.

Several curvilinear free-air minima are present on the south
Texas continental shelf, These are thought to be caused by low
density, highly pressured marine shale diapirs. Isolated Bouguer
minima over the upper continental slope substantiate that the 'hum-
mocky" topography of that area is due to salt diapirism.
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INTRODUCTION

Objective of Thesis

The deep crustal structure of the Texas continental margin e#tending
from Brownsville, Texas north to the Texas~Louisiana border has long been
a subject of much speculation. Specifically, the composition of the
crust under the sediments of the continental shelf and its overall thick-
ness have not been determined due to the excessivg depths (up to 15-17 kms)
to the "basement" surface. These depths severely limit the resolution of
seismic refraction methods since the amount of explosives necessary ta
produce acceptable signal-to-noise ratios over the long receiving distances
that would be necessary (especially when the refraction line is shot along
dip) exceeds acceptable environmental limits (Dorman et al., 1972, p. 329).

The gravity method of determining crustal structure, however, is
not limited by excessive depths or environmental concerns., When there
exists seismic control in the area to determine densities (empirically; at
best) and the geometry of the layering it is then possible to construct
crustal models whose gravitational attraction equals the observed gravity
field. These models do not represent a unique solution as to the exact
~number, interface depths, and densities of crustal layers (Skeels, 1947)
but they can produce limiting approximations which, when integrated with
existing geologic data in the area, can give a reasonab}y accurate repre-
sentation of the crustal geology and structure.

For any gravity calculations of regional crustal structure the
observed gravity field should be known within an absolute accuracy of a

few milligals, Greater accuracy than this is easily obtained in land

gravity measurements; however, it is only within the last few years that



marine grayity measurements haying the hiéhly accurate nayigation tech-
niques required for proper data reduction have been available (Talwani;
1964); Prioxr to this time the on1§ gravity measﬁrements taken on the

Texas continental shelf and slopé available in the literature are found in
the free-air gravity map of the Gulf of México by Dehlinger and Jones;
1965, This map shows a broad ma#imum of over 40 mgals offshore from Port
Isabel, Texas decreasing in width and magnitude somewhat to the north. The
positive anomaly begins to broaden and increase in magnitude again offshore
from Port O'Conner to reach a maximum of over 40 mgals in a wide area
approximately 100 km southeast of Galveston, Texas. The regional extent

of this gravity anomaly has led to some interpretations (Dehlinger and
Jones, 1965; Shurbet, 1968) that the anomaly off of Galveston can be
accounted for by the Mohoriviciv discontinuity (M) rising to within 22 and
16 km of the surface at distances of 100 and 75 km offshore respectively.
The positive anomaly at Brownsville, Texas has been interpreted by Preston
(1970) as being caused by the mantle rising to a depth of 22.3 kms,
Dehlinger and Jones and Preston all indicate that the mantle surface then
descends to approximately 30 km at a distance of 300 km offshore while
Shurbet (1969) shows a mantle depth of 14-15 km at a distance of 300 km off-
shore.

The general accuracy of the previously cited gravity map is question-
able due to errors (mainly positional) discovered subsequent to the survey
which were not apparent when the data were acquired. Specifically, the
broad positive anomaly which encompasses most of the Texas continental
shelf is more complex than shown; a factor which could severely alter any
interpretation as to its geological significance,

The objectives of this thesis are:

(1) To prepare a regional free-air gravity map of the Texas



continental shelf and slope ofAhiéher resolution and accurécy than
that previously available in the literature by utiliziné hiéh quality
marine surface gravity data recently released by the United States
Department of Defense,

(2) To combine the marine gravity data with previous published

and unpublished land gravity data to produce a regional gravity
anomaly map extending from the Texas coastal plain across the
continental shelf to the upper continental slope.

(3) To integrate available seismic refraction and magnetic data
with the observed gravity field to obtain, by computer modeling
techniques, a crustal section across the Texas coastal plain,
continental shelf, and upper continental slope.

(4) To examine local gravity anomalies present on the continental
shelf south of 28° N latitude to see if the diapiric structures

in the South Texas onshore area described by Bruce (1972, p. 24)
extend offshore,

(5) And to associate any new features suggested by the gravity map

and models with the geological history of the Gulf Coast geosyncline,

Location of Study Area

The area chosen for the regional gravity map is between latitude
26° - 30° N and longitude 94° - 98° W (Fig. 1). Lack of available coverage
over the continental slope made if impossible to include any data in the
southeastern corner of thg mapped area.

The approximate location of the crustal section is shown in Figures
1 and 8. The location of the model of the local residual minimum anomaly

is shown in Figure 17.



PREVIOUS GEOPHYSICAL INVESTIGATIONS

There are numerous published and unpublished geophysical investiga-
tions in the vicinity of the Gulf Coast geosyncline (Fig. 1); The location
of important gravity data; seismic refraction profiles, and a magnetic
profile is shown in Figure 1. 1In addition to these geophysical studies
in the South Texas area there are regional structural data available
from reports of some seismic reflection surveys,

A description of these data is given below:

Gravitz

A regional Bouguer anomaly gravity map of Texas and Oklahoma was
compiled by Exploration Services, inc. in 1953 and was published by Logue,
1954, This map was prepared using a density of 2.67 gm/cc for the Bouguer
correction and a contour interval of 5 mgals on the coastal plain. An
important feature of this map (part of which is reproduced in Fig. 3 and
Plate II of this thesis) is the wide relative maximum, flanked on both sides
by relative minima, in the northwest corner of the map. This feature
runs from the Oauchita mountains in southeastern Oklahoma southward to
the area just east of the Llano region in central Texas and then swings
almost due west, south of Llano at San Antonio, Texas. These anomalies
have been studied by Watkins, 196l1; Fish, 1971; and Keller and Cebull, 1973,
The maximum has been attributed to higher density rocks of the Oauchita
Structural Belt by Fish and by Keller and Cebull. Southeast of the relative
maximum the gravity field becomes lower forming a minimum of less than
-35 mgals in the vicinity of 27°N lat., 97°W long. (Dewitt-Victoria
county line). Farther southeast at the coast the anomaly is approximately

-20 mgals. Going south toward Brownsville, Texas (26°N lat.) the gravity



FIGURE 1

Location of the study area, location and sources of geophysical
data used, location of the crustal section, and regional

structural features,
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field increases to a maximum of 40 plus mgals on Padre Island east

of Brownsville; This anomaly has been detailéd through surveys py
Preston, 1970 and Jones, 1974 (personal communication). This anomaly
here termed the Rio Grande Delta Gravity Maximum (RGDGM) has been
mentioned by Krivoy and Pyle; 1972, who interpret it as being caused by
_isostatic effects. Also available in the literature is the regional
(land) Bouguer gravity map (10 mgal contour interval) of the Gulf Coast
by Nettleton (1949, pp. 276-277)., Along with the gravity map; Nettleton
constructed a gravity profile from Roswell, New Mexico to Freeport,
Texas (p. 28l) and discussed the significance of the regional anomalies
present on the profile. Of Major interest in Nettleton's discussion of
this profile is his remark about a positive Bouguer anomaly of 10-15

mgals located just west of Freeport:

"The maximum near Freeport, which is parallel with the coast is not
related to regional geology within the explored section of the sediments

so far as we know" (p. 282).

Lyons (1957, p. 4) shows a regional isostatic anomaly map of the
southern half of North America and the Gulf of Mexico. His data for the
entire Gulf of Mexico were derived from the pendulum stations occupied
by Vening Meinesz and Wright (1930). None of these pendulum stations
are on the Texas continental shelf. Indicated on another map by Lyons
(p. 8, Fig. 5) showing igneous activity around the Gulf of Mexico, is

a symbol at the Freeport gravity maximum indicating that it is of probable

igneous origin.

Seisinic Refraction

In the vicinity of the inland portion of the crustal section there




are two refraction lines parallel to the strike of the geosynclihe;
Their locations are shown in Figure 1:

Cram, 1961, was able to identify four 1ayer§ over the Mohorovicic
discontinuity (M); The velocities and thicknesses of the layers are
shown in Figure 10, The survey of Dorman, et a1: (1972) was able to
discern three horizons of sedimentary material above two layers inferred
' to be continental and oceanic crust overlying the presumed M surface (Figs.
1 and 10).

In the northeast corner of the study area a refraction line by Hales,
et al. (1970) runs almost north-south extending from 32°N to 28°N lat,
along 94°% long. (Fig. l1). They -had a total of 15 réceiver positions of
which seven were offshore. They did not observe any mantle velocities.

An interesting feature of their survey is an apparent down-faulted block
of indeterminant lateral extent between 50 and 90 km offshore. The
displacement of the upper horizons (less than five km deeé) may be as
much as two km while the surface of the oceanic crust may be dropped as
much as a half km, They also constructed a gravity model along the profile
using gravity data from Woolard and Joesting (1964) and Dehlinger and
Jones (1965). They concluded from the gravity model that the mantle
surface was 33 km deep under Galveston rising to 27 km 250 km offshore.
This 27 km depth is questionable since they infer a zone in the mantle
with density of 3.1 gm/cc to reconcile the refraction horizons with the
observed gravity anomalies,

Offshore seismic refraction measurements consist of those by Ewing,
et al, (1955), J. Ewing et al. (1960),and Antoine and Ewing (1963).
Iocations of two of these stations are shown in Figure 1. Station V=24

(Ewing, et al., 1955) was used as the southeast tie line of the crustal



section, Lines P-B-17 Antoine and Ewing, 1963 (not shown) and V-28
(Ewing, et al., 1955) were used primarily as indicators of minimum sediment

thicknesses as they did not yield any crust or mantle velocities. "At V-24

the oceanic crust is 14,1 km deep and the mantle is at 19.1 km,

Seismic Reflection

Seismic reflection data located on the South Texas continental shelf
available in the literature are limited to a sparker survey by Moore and
Curray (1963) along a line from Aransas Pass (28°50'N lat., 9704'W long.)
southeast to 28015'N lat., 95030'W long. . Their data show several isolated
groups of shallow normal faulting with development of graben systems. 1In
one instance on the continental slope a shallow obviously diapiric intrusion
is encountered. The relationship of these shallow structures to the
inferred curvilinear relative minimum anomalies indicated by the colored
lines on Figure 5 will be discussed in a following section. Lehner (1969)
shows several refléction profiles (down to 4.0 seconds) along the area of
the continental siope shown in Figure 16, These profiles show many diapiric
salt features which, in some instances, rise to within 800 feet of the
water bottom,

Bruce (1972) discusses seismic reflection data both on and offshore
in the South Texas area., Although the exact positions of the seismic
profiles are not given, the similarity of features found on all the lines
allow certain general conclusions about lithology at dépths down to six
km to be made. These conclusions are: (1) Diapiric shale rather than
.salt appears to be the dominant mechanism f;r near surface (down to 6.5 km
minimum depth) structural development in the South Texas area; (2) The

dominant lithology to a depth of at least 6.5 km appears to be interbedded

sands and shales with intrusive bodies of lower density, highly pressured
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marine shale; and (3) These conditions prevail to the 100 fathom

isobath.

' yagﬁetics

Published magnetic data in the vicinity of the crustal section are
limited to the regional total intensity magnetic anomalf map of the Gulf
~of Mexico compiled by Heirtzler: et al. (1966, p: 521), This map has had
the regional field subtracted and is contoured with a 100 gamma interval.
In the area 40-50 km south of Freeport is a broad -100 gamma closed contour
which was interpreted by the authors as representing thé_area of greatest
sediment thickness in the Gulf Coast geosyncline, Neither the Freeport
gravity maximum noé the Rio Grande Delta gravity maximum are associated
with a magnetic anomaly distinguishable within the 100 gamma resolution of
their contours. Along the line of the crustal section the residual
magnetic intensity varies from +200 gammas Jjust inshore to less than 100
gammas approximately 50 km offshore. At a distance of 83 km offshore
there is a small closed high of 4200 gammas, This high is offset toward'
the basin 16 km from the continental shelf gravity maximum deliniated in
the present study.

The location of an aeromagnetic total intensity profile acquired by
Sidney Schafer and Associates, Inc., Houston, Texas, in 1963 by Fairchild
is shown in Figure 1. This profile was made available to the author by
Mr., Jack Weyand., The flight elevétion was 500 feet. A regional gradient
of 10 gammas/mile has beep subtracted from the total field. At the coast
£he field is 85 gammas increasing to 100 gammas 20 km offshore and then
decreasing to -10 gammas 53 km offshore. At this point the field then
increases to 180 gammas 85 km offshore and then decreases rapidly to

120 gammas at 130 km offshore. A steady increase in the field is then
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noted farthexr offshore., This profile is 200 km noxrtheast of the crustal
section, An interesting feature of the magnetic profile is that the
minimum anomaly 53 km offshore coincides within a few km of the location

of the continental shelf gravity maximum outlined in this thesis.
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GEQOLOGY OF THE STUDY AREA

The location of the crustal sectioﬁ.includes both the northwest Gulf
of Mexico and a portion of the Te#as Coastél Plain as shown in Figure 1.
The author's study area includes a large portion of the Gulf Coast geo-
syncline, an extensive depositional feature paralleling the coastline and
extending from Northwestern.Mexico to Alabama with its' axis of maximum
deposition lying offshore (Hardin, 1962) (Fig. 1, this thésis). Total
thickness of sediment in some areas of the geosyncline may be as much
as 19,000 meters.

Local positive structural features present in the study area are the
San Marcos arch, extending from the Llano uplift in Central Texas as a
ridge into the middle Texas coast, possibly offshore and the Sabine uplift
and arch centered.approximately 200 km north of the Gulf along the Texas-
Iouisiana border and extending south to the coast. Negative structural
features are the East Texas and Houston embayments north and east of the
San Marcos arch and the Rio Grande embayment south and west of the San
Marcos arch (Hardin, 1962, pp. 2-4). The continuity of the San Marcos arch
through time has led Waters et al., (1955, p. 1849) to declare that it is
the most stable structural feature on the entire Gulf Coast. Relative
subsidence south of this feature has produced a thickness of more'than 15
km of Cenozoic sediments alone (Hardin, 1962, p. 2).

Major zones of both up and down-to-the-coast faults such as the Luling
and Balcones zones and the Mexia-Talco fault zone to the north togethex

with the Oauchita Structural Belt, (Fig. 1) a subsurface Paleozoic fold

belt, mark the northwestern rim of the Gulf of Mexico basin (Woods and
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Addington, 1973, p. 93).

" ‘Development of the Texas Gulf Coast Basin

The development of the western Gulf Coast oeosyncline is thought to
have begun in the late Paleozoic, coinciding with the Oauchita orogeny of
that time (Murray, 1961, P. 89). This deformation, initiated during Penn-
_sylvanian time, resulted in the thrusting to the northwest of the massive
geosynclinal facies composed mainly of clastic and carbonate rocks (king,
p. 186 in Flawn, 1961). Woods and Addington (1973, pPp. 93-94) make the
following statement about the development of the basin:

"The gross subsurface pattern of the Oauchita System have been mapped,
using limited well data at zones of metamorphic facies from central
Mississippi to the Oauchita Uplift, Southeastern Oklahoma, and across
Texas to the Marathon-Solitario Uplifts. It is this structural rim which
established the present configuration of the Northern Gulf basin, controlled
major trends of subsequent tension faulting within the basin and provided
a platform for the deposition of late Paleozoic and shallow water near-
shore sediments., The width and down dip extent of the Oauchita belt is
unknown. It is not unreasonable to speculate that the Northern arc of the
Cretaceous reef trend that nearly encircles the Gulf basin is related to
a major structural break near the south margin of the Belt."

Erosion and subsidence of the quiescent Oauchita Structural belt
began in the Mesozoic, becoming more rapid in the Cenozoic; The initial
subsidence was accompanied by the deposition of the Louann salt and the
Werner formation as a Mesozoic transgression (King, in Flawn, 1961, p; 190).
Following these deposits came the Upper Jurassic and Lower Cretaceous
limestones and finally the extensive Cenozoic deltaic clastic deposits;

All of these post-Paleozoic sediments have regional dip toward the Gulf
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basin with the axis of maximum thickness in the arxea of the present coast-
line and offshore,

The estimated thi¢kness of post—Péleozoic sediments present under the
northwestern Gulf of Mexico continentél shelf: the deepest point of the
western Gulf Coast geosyncline: may be as much as 16-19 km, Hardin (1962,
P. 2) shows in an isopach of Cenozoic sediments just north of the Rio Grande
delta that projections of regional dip from available well control will
result in sediment thicknesses of 50,000 feet or more in this area.

This thickness of Cenozoic sediments is also shown to be present off
the Louisiana coast in the same figure. If any Mesozoic sediments are
included (i.e., Cretaceous limestones and Jurassic evaporites), it seems
quite possible to have a total sediment thickness of as much 58 17 km in

both areas. Hardin's map also shows a thinner section of Cenozoic sediments

over the San Marcos arch as would be expected.

‘Shallow Structure of the South Texas Continental Shelf

The major structural features inferred to be present on the south
Texas continental shelf are salt or shale ridges (Beall, et al., 1973,
p,'700, Fig. 1; Bruce, 1972, p. 24) and salt and shale domes (Murray, 1961,
p. 203, Fig, 5,1; Uchipi and Emory, 1968, p. 1191, Fig. 19; Atwater, 1959,
p. 137, Fig. 9; Lehner, 1969).

Bruce describes the shale ridges as being formed by "down to the
coast"” faults, both differential compaction and gravity sliding, on the
seawaxrd flanks of underlying low density shale masses. The initial high
angle of this fault plane appears to become less steep with depth (p. 29).
Many of the ridges appear. to be examples of reéional contemporaneous

faulting and are consequently quite complex.
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The salt ridges indicated by Beall, et alr; (1973) may, in fact;
not be salt but rather the low density hiéh pressure shale as described by
Bruce, However: Bryant and others (1968) héve found sets of salt ridges;
approximately parallel to the coast: én thé Upper'Me#ican Continental Slope.
They do not show these features to continﬁe ﬁp onto the Texas continental
shelf although there is a possibilit& the§ may trend into the continental
slope east of Port Isabel:

Apparent salt domes on the lower Texas shelf are few in number and
appear to be concentrated along the shelf edge below 28°N 1lat. On the
continental slope at this latitude the hummocky topography would -indicate
the presence of many individual salt domes and connected ridges (Gealy,
1955), Atwater (1959, p. 137, Fig. 9) locates a set (20) of individual
"structures unrelated to salt uplift", which parallel the coastline within
30 km of land beginning at 28°30'N lat. and continuing south to Baffin Bay.
Although it is not stated by Atwater, these features could also be due to

shale diapirism,

" 'Stratigraphy and Lithology

Introduction

The stratigraphy and lithology of the area in the vicinity of the
crustal section and the continental shelf south of 28°N lat., in the vicinity
of the gravity minima (Fig. 5) is described and summarized by Waters et al.
(1955), Williamson (1959), Murray (1961, pp. 277-450), and Preston (1970,
pp. 14-18), ‘

All stratigraphic control in this ;egion; as preyiously mentioned; is
from outcrops far inland projected through boreholes on the coastal plain:

offshore. Consequently the thicknesses, composition, or even existence of

some of the units described may be questionable.
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"Pre—Upper Jurassic

Murray (1961, pp; 282-287) assigns the Morehouse formation of late
Paleozoic age as being the basé of the pre~Jurassic sedimentary section;
Stratigraphically above it are the Eégle.Mills and Werner formations;
capped by the Louann salt: The Eaéle Mills formation is of possible Upper
Triassic age, while the Werner formation and the Louann salt are probable
middle to late Jurassic: The Eagle Mills-Werner-Louann strata are inferred
to be, respectively, dark fine clastics; carbonates: and evaporites in the
south Texas area (p. 282): The true thickness of the Louann salt; by far
the most important of the group in terms of their contribution to the phy-
siography and structure of the coastal plain and continental slope; may‘be
as much as 5000 feet in some areas. However; the salt is usually not
inferred to be present in large volumes under the south Texas continental
shelf and only in a localized area of the south Texas coastal plain. This

inferrence is primarily due to the absence of salt domes in these areas.

Upper Jurassic

The upper Jurassic is represented by the Louark and Cotton Vally
groups (Williamson, 1959, p. 1825). Their composition or presence is not
documented in the south Texas area, but again by updip well control, they

are inferred to be composed primarily of limestone, shales, sandstones,

and some evaporites,

‘Cretaceous

The Cretaceous in thé south Texas area is represented by the lower
Cretaceous Commanche Series, from oldest to youngest: the Trinity; Fredrick~
sburg; Washita; and Woodbine groups; and the Upper Cretaceous Gulfian

Serles, the Eagle Ford Austin, Taylor, and Navarro groups. The lithology
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of the Commanche series varies from calcareous-arxgillaceous strata in the
Trinity group, to dense limestones in the Fredricksburg, to argillaceous-
calcareous strata in the Washita. Gulfiaﬁ serles strata vary from arenaceous
in the Woodbine; to calcareous-arenéceous in the Eagle Ford; while the
Austin group is predominantly marly calcareous with the Taylor group being
predominantly an alternating argillaceous~calcareous sequence and the

Navarro being arenaceous-argillaceous strata.

Cenozoic

Paleocene -~ The Paleocene in the east Texas area, represented by the
Midway group, consists of several hundred feet of shale (Williamson, 1959,
p. 16)., In the Rio Grande embayment, the equivalent of the Midway groué,
the Velasco, may reach a thickness of up to 3,000 meters (Murray, 1961,
p. 372).

" Eocene - The Eocene is represented by the Wilcox, Clairborne, and
Jackson groups with respective lithologies of deltaic sands and shales,
deltaic sands and shales grading upward to predominantly marine sands, and
predominantly marly shales with marine sands (Waters, et al., 1955, p. 1839).
Williamson (1959, p. 21, Fig. 8) indicates over 24,000 feet of Eocene
strata (including the Midway) in the Corpus Christi-Baffin Bay area.

Oligocene - Oligocene strata is represented by the Vicksburg and
Catahoula groups with a lithology of predominant marine shale for the
Vicksburg and non-marine grading into marine argillacedus strata for the
Catahoula (Williamson, 1961, p. 17). The thickest section of Oligocene
strata shown by Williamson is oyver 16,000 feet at a distance of approx-
imately 30 miles offshore eétending from the Brazoria-Matagorda county

line south to the Mexican continental shelf.
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" 'Miocene-Recent - Miocene-Pliocene (yndifferentiated) strata are the

Fleming and Citronelle groups which are characterized by marine shales
offshore into transitional neritic sands and shales onshore. Williamson
(1959, p. 24, Fig. 13) shows as much as 15,000 feet of Miocene and younger

strata in the south Texas area.
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DESCRIPTION OF THE MARINE GRAVITY MEASUREMENTS

The marine data used in this thesis were obtained from the United
States Department of Defense Gravity Libfary, St: Louis: Missouri: This
depository holds a large proportion of the gravity data available in the
public domain as collected world-wide by government agencies and many
public and private institutions.

The specific data used were collected by the U.S.N.S, George B.
‘Keithly, a Naval Department research vessel, during five cruises conducted
from January, 1970 to May, 1970 (see Table l1l). Since the primary mission
of these cruises was to collect high quality gravity data, careful
navigation and ship handling techniques were used (Krivoy and Pyle, 1972,

p. 107). The data were supplied on magnetic tape reels U3245 and U3478.
\ .

Exact formats, reference base stations, and descriptions of features of
the data package are given in Appendix 1, a copy of the information supplied
by the DOD.
Locations of the actual shiptracks are shown in Figure 2 with the
exact positions of the ends of the tracks given in Table 2,
Land data furnished by the DOD was also available for this project
but was used mainly as a spot check of values taken from the regional

gravity maps.

Brief Explanation of the Gravity Meter and Raw Data Corrections

A LaCoste and Romberg stabilized platform gravity meter was used on
all cruises., This type of metexr applies the principle of a mass suspended
from a zero-length spring. The magnitﬁdes of vertical accelerations are
limited by the use of air damping while the mass is primarily restricted

to vertical movements by additional fine wire suspensions (LaCoste and



TABLE 1

Cruises of the USNS KEITHLY contributing data to the thesis
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Cruise Number

3337

3440

3339

3438

3439

4 Jan - 24 Jan 70
11 Jan - 24 Jan 70
12 Feb - 28 Feb 70
18 Apr - 13 May 70

17 May - 12 Jun 70
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FIGURE 2

Locations of ship tracks of the
the free-air gravity anomalies,

anomalies,

"George B, Keithly" showing

Black represents positive
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TABLE 2
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Number
of Cruise

Track Stations Numbex W-NW..Origin .. E~SE Terminus
H1 106 3337 29°30.10N 29°31.10N
94 16.30W 94 0.50W
H2 133 3337 29 21.00N 29 29.90N
94 31,60W 94 9,20W
H3 206 3337 29 10.90N 29 10,90N
94 38.90W 94 9.10W
H4 206 3337 29 1.10N 29 10.90N
94 41,40W 94 9,10W
H5 393 3440 28 50.00N 28 51.00N
95 3.70W 94 9,20W
H6 476 3337 28 38.60N 28 39.90N
95 33.40W 94 9,10W
H7 658 3339 28 30.20N 28 30.00N
96 6.20W 94 0.20W
H8 658 3339 28 20.20N 28 30.00N
96 15,20W 94 0.20W
HY 1001 3339 28 10.20N 28 9,30N
96 25.20W 94 9.10W
H10 848 3439 28 9,20N 28 1,10N
96 43,70W 94 0,20W
H11 588 3439 27 49.20N 28 9,70N
96 52.50W 94 52.00W
. H12 644 3439 27 39.90N 28 9,40N
: 97 1.60W 95 41,40W
H13 644 3439 27 30.70N 27 30.50N
97 4,40W 95 0.10W
H14 728 3439 27 20.50N 28 0.10N
97 12.80W 94 22,40W
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Number
of Cruise

Track Stations.. Number - -W~NW Ordigin.. E-SE Terminus
H15 672 3439 27° 9,30N 27°21.80N
97 16,10W 95 7.30W
H16 728 3439 27 1.70N 28 0.,10N
97 16.90W 94 22,40W
H17 393 3439 26 50.50N 27 0.60N
97 13.00W 96 5.30W
H18 392 3438 26 40.40N 27 0.60N
97 10,90W 96 5,30W
H19 369 3438 27 30,30N 26 32,40N
97 7.90W 96 0,20W
H20 336 3438 26 19,20N 26 32,30N
. 97 8.70W 96 5.80W
H21 336 3438 26 10.20N 26 32.30N
97 1.50W 96 5.80W
H22 204 3438 26 0.10N 26 1,90N
96 46.50W 96 0,20W
Dl 417 3337 29 11,.40N 28 0.10N
94 38.10W 94 2,70W
D2 280 3337 28 40,.80N 28 21.50N
95 23,60W 94 13,40W
D3 524 3440 28 28, 70N 27 9,20N
96 4,40W 95 23,80W
D4 679 3339 27 57.80N 26 23.80N
96 44.10W 96 0.10W
D5 392 3438 27 6.80N 27 5.00N
- ' : 97 15.50W 96 19,20W

13,010 Total Stations




Romberg publication); The function of the stabilized platform is to
prevent rotation of the meter in space and to keep it level. These
stabilizing functions are accomplished by the use of feedback loops
connecting inertial quality gyroscopes; high response torque motors, and
accelerometers; The precession of the gyroscopes is optimized by the
accelerometers which sense off—leveling; The resultant response by the
high torque motors connected to the gyroscopes allows the platform to
operate like a long period pendulum which, in effect, cancels out most
of the shorter period wave motion (LaCoste, et al., 1967, pp. 101-105).
The overall accuracy of this meter under favorable sea states is within
one mgal (Lafehr and Nettleton, 1967, p. 116).

The individual gravity stations were taken as successive samples
from the continuous output of the gravity meter., The sample intervals
range from 800 to 1200 feet. Track spacing was variable, between 15 and
25 km for the east-west tracks and 70-80 km for the northwest-southeast
tracks. Positioning was obtained by use of satellite and other naviga-
tional systems, Since usable satellite fixes are dependant on the
satellites height above the horizon, the frequency of usable fixes may
be considerably less than one per hour depending on the latitude., 1In
1966 the average time between a fix was 90 minutes (Guier, 1966, p. 5904).
Other navigational aids such as Loran and ILorac, along with dead~reckoning
were used to interpolate between the absolute satellite fixes. The
positions and velocities being necessary for coﬁputation of corrections
applied to the raw data since the gravity meter is responsive to components
of accelerations other than the normal component of the earth's field.

The corrections made to the raw data may be divided into those

performed by the meter and those performed after the data are collected.
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The cross coupling correctioﬁ; performed by a specially designed computer,
is necessary since even though the meter is kept level and restricted
from vertical motions by the stabilized platform the ship and consequently
the meter is still affected by horizontal motions from sea swells (LaCoste
and Harrison, 1961); This effect is sensed as positive or negative
motion, depending upon centrifugal force and the center of mass of the
meter (LaCoste, et al., 1967, p; 106).

Corrections made after the data are acquired are the Egtvgs and
drift corrections. The Egtvgs correction (Glicken, 1962; Nettleton, 1970)
compensates for the change of the measured gravity field caused by the ship's
motion., The correction is proportional to the component of velocity
in the east-west direction and is dependant on latitude. Drift corrections

are applied to the final data to account for any change in the value of

absolute gravity measured at the base station before and after a cruise.
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ACCURACY OF THE MARINE GRAVITY MEASUREMENTS

Provision is made in the data supplied by the DOD to include a
statistical parameter which defines the confidence interval of the free-air
anomaly (Appendix 1). Unfortunately, the gravity measurements available
in the author's study area did not include this parameter. However,
some idea of the repeatability of the data may be gained from analyzing
the ship-track-crossing discrepancies. These errors; mainly due to naviga-
tion, are listed in Table 3. This table lists the main tracks (Dl-D5) and
the crossihg tracks (H1-H22), the position at the crossing in degrees and
minutes of latitude and longitude, the free-air anomaly of the main and
cross tracks, and their cruise numbers. For 20 of the 35 crossings,
identical positions were not given for both the main and cross tracks so
the listed position and free-air anomaly is the interpolated crossing
point and anomaly'respectively at that position for each track. The
interpolated crossinés are marked with an asterisk (*),.

For each of the five main tracks (D1-D5) the cumulative frequency
of error vs. the absolute value of error were plotted on probability
paper, From these éraphs the graphic means and graphic standard deviations
(5th~-95th percentile) were computed. This procedure was also used on the
total errors. The results of these computations are listed in Table 4.

If the graphic means and graphic standard deviatiqns from Téble 4
are plotted on log log paper (Graph 1) then it becomes apparent that track
D4 has an anomalous standard deviation., As is seen in Table 3, track D4
has five crossings with errors less than one mgal, three crossings with
errors between 3-4 mgals, and one crossing with an error greater than seven

mgals, If track D4 is disregarded and the mean and standard deviation of
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TABLE 3

Locations and Magnitudes of Crossing Erxrrors

Position of Free-Alr Anomaly
Main Cross Crossing At Track Crossing Cruise Number
Track Track Deg. Min. Main Cross Main Cross
. I o (ngal) o
D1 H3 29°10.90 - 2,5 - 0.1 . 3337 3337
' 94 37.90
Dl H4 29 1.10 13.25 14.5 - 3337 3337
94 33,20
Dl H5 28 50,60 15,85 13.4 3337 3337
94 27.90
Dl H6 28 39.50 11.4 12.4 3337 3337
94 22,40
D1 * H7 28 30.50 5.8 6.6 3337 3339
94 17.90
Dl H8 28 20.40 4,2 5.9 3337 3339
, 94 12,90
Dl * H9 28 9.50 6.8 8.6 3337 3339
94 7.40
D1 * H10 28 0.90 14,15 10.15 3337 3439
94 3.10
b2 * H6 28 30.70 7.15 4,7 3337 3337
95 22,40
D2 * H7 28 31.60 7.9 7.85 3337 3339
95 18,10 \
D2 * H8 28 20.80 16.4 17.55 3337 3339
95 11,60
D2 * H9 28 10,80 11,2 9.5 3337 3339
95 5,60
D3 *  H8 28 20.60 11.6 8.9 3440 3339
96 0,80
D3 * HO 28 11.00 0.65 0.6 3440 3339

95 56,55
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Position of

Free~Alxr Anomaly

Main Cross Crossing - At Track Crossing Cruise Number
Track . Track - - --Deg. .- Min.,.- .- ...Main.. .. .. . Cross.. .. .. .Main .  Cross
....................................... (mgal)

D3 H10 27959, 20 22,6 26.1 3440 3439
95 51.30

D3 H1ll 27 49,70 23,4 27.8 3440 3439
95 47,10
D3 H12 No Data

D3 H13 27 33.20 -21.7 -20,55 3440 3439
95 39,30

D3 H14 27 21.20 -44.,4 -42,3 3440 3439
95 33.60

D3 H15 27 13.20 -50,9 -45,3 3440 3439
95 29,90

D3 Hl6 27 1.20 -39.,15 -36,5 3440 3439
95 24,30

D4 H11 27 49,70 - 8,7 - 4.8 3339 3439
95 40,40

D4 . H12 27 39,00 5.2 1.3 3339 3439
96 35.60

D4 H13 27 30,20 5.2 8.8 3339 3439
96 31.70

D4 H14 27 192.70 12.5 11.8 3339 3439
96 27.10

D4 H15 27 10,90 3.1 3.9 3339 3439
96 22,70

D4 Hl6 27 0.30 - 2.4 - 2.0 3339 3439
96 16.30

D4 H17 26 51,00 - 6.4 - 6.1 3339 3439
96 11,70

D4 H18 27 41.80 - 4,3 - 3,65 3339 3438
9% 7.60

D4 H19 26 32,30 - 7.4 - 0.3 3339 3438
9 3,60
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-+ Position of

Free-Air Anomaly

Main Cross Crossing-- At Track Crossing Cruise Number
Track- .- --Track. .- .. Deg,.- --Min, ... --Main .. .. .. Cross .. .. .. Main ... . Cross
........................................... (mgal)
D5 H16 27° 1.90 6.5 9.35 3438 3439
97 12,10
D5 H17 26 50,30 17.8 17.75 3438 3439
97 5,70
D5 H18 26 40,60 29,5 30.7 3438 3438
97 2,40
D5 H19 26 30,50 37.2 36.95 3438 3438
96 58,20
D5 H20 No Data
D5 H21 26 10.10 46,7 49,1 3438 3438
96 47.90
D5 H22 26 0,20 46,8 50.4 3438 3438
96 42,60




TABLE 4

Graphic Standard

: Number Range of Absolute Graphic Mean of Deviation of Graphic Range
Main of Error from Table 3 -~ Absolute Error Absolute Error of Absolute Error
Track Crossings {(mgals) (mgals) (mgals) (Sth-95th) Percentile
D1 8 0.8 =-4.0 1.7 0.8 0.9-2,5
D2 4 0,05-2.45 1.3 0.7 0.6-2.0
D3 8 0.,05-5,6 2,7 1.5 1.2-4.2
D4 9 0.3 =7.1 1.8 1.9 0,0-3,7
D5 6 0.05-3.6 2.0 1.1 0,9-3,1
All
Tracks 35 0.05-7.1 2,1 .16 0.5-3,7
All
Tracks
(except D4) 26 0.05-5,6 2,0 1.4 0.6-3.4

1€
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the combined remaining 26 crossings are then computed, one finds that the
crossing error is Z:Of 1.4 mgals; that is to say: for a normal distribution
90% of the crossing errors are between 0,6 - 3.4 mgals: These erxrrors

only apply to the absolute accuracy of the free-air anomaly as the relative
error between successive stations on the same line is probably much less

than one mgal.
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ANOMALY COMPUTATION

Once all corrections have been applied to the raw data the absolute
gravity at a station can be determined as the absolute gravity measured
at a base station plus the meter difference at the measuring station.
For geological interpretation of the results it is necessary to compute
the free-air and Bouguer anomalies,

For gravity stations taken from a ship the free-air anomaly is simply

where
gg¢ = free-air anomaly
g, = observed absolute gravity
g = theoretical gravity for the station latitude
- computed using the 1930 International formula,
ét =A (B+C sin2 g+ D sin? 2@)
where

9, = theoretical gravity
A = 978049.0 mgal
B =1.0
C = 0.,0052884
D = 0,0000059
@ = latitude of gravity station.
Since the meter is at sea level, no elevation correction is necessary.

The Bouguer anomaly is given as,

gb=ga-gt+Eh

where

g, = Bouguer anomaly

observed absolute gravity at the station

\Q
]
Il
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theoretical gravity for the station

L9 =
E = Bouguer correction for infinite slab which is equal
to 0,0762 (P~ 1.03) if h is in fathoms
h = water depth at the station
P = density assumed for material below water bottom.

For marine gravity studies it is possible to use either the free-air
anomaly or the Bouguer anomaly for models of the crustal structure. Valid
arguments may be proposed for the use of ei%her anomaly, however, while
the calculation of the gravity effects of a localized body, especially
in areas of rapidly changing water depth, is often easier if the Bouguer
anomaly is used, for long cross-sections which may encompass substantial
changes in water depth, the use of the Bouguer anomaly could produce
spurious results. This is because the Bouguer anomaly replaces the water
layer with material of the same maSs as the near surface lithology. This
replacement has the effect of eliminating the water-sediment interface.
The method assumes knowledge of the densities of the sediments at moderate
distances below the water bottom with topography of rather low relief. 1In
areas of fairly constant near-surface lithology this is not a major
problem.A An example of the possibility of errors is if a Bouguer anomaly
is computed for a depth of 100 fathoms in part of a survey area and then
computed for a depth of 1000 fathoms in another part of the same area., The
large difference in water depths suggests, especially in areas of sediment
density increasing with depth, fhat the reduction density should be larger
for the larger water depths (Talwani, 1966).

The free-air anomaly, on the othér hand, makes no density assumptions.
When computing gravity models the water depths and density are known

parameters used in the calculation of the regional.gravity anomalies, For
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this reason the free-air anomaly, interpreted with knowledge of the
topography, is érobably best for marine gravity computations on a regional
scale,

In calculating the gravity effect of the crustal section the Bouguer
anomalies were used for the land stations and the free-air anomalies were
used for the marine stations.

The local anomaly on the South Texas continental shelf, on the other
hand, was computed from a residual anomaly derived after the Bouguer

correction had been applied to the free-air anomaly on line H16,
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PROCEDURE USED IN PREPARING THE GRAVITY MAP

The preparation of the gravity map required the following steps:

(1) Determination of densit? of gravity stations in the area of study.

(2) Extraction of data from storage and reordering the gravity

measurements to their oriéinal positional sequence.

{(3) Plotting the individual tracks as free-air anomaly vs. distance.

(4) Posting all ship tracks with their gravity values on a base map.

(5) Contouring the Marine data.

(6) Adding the land gravity contours and tying the land contours

with the marine contours. |

A description of each of these procedures is listed below:

(1) The density of gravity stations in the study area was determined
by using a FORTRAN program, DATACOUNTER (Appendix 2) which searches the
data tape and coun£s the number of gravity stations present within each
degree of latitude and longitude. The degree is broken into ten-minute
areas and the number of stations within each area is listed. A sample of
the output is shown in Appendix 2, A listing of the actual data was
obtained by using DATALISTER.

(2) Extracting the data and reordering the measurements into the
original positional sequence was performed by DATAPROCESOR (Appendix 2).
Reordering the data was necessary since the data had been sorted $y in-
creasing latitude within\a degree of increasing longitude. While this is
an efficient manner of cataloging large masses of data, it does not allow
the easy extraction of data along a particular ship track; In all; portions
of 27 tracks were used in the preparation of the map. To provide a rapid

method of reforming these lines, the program DATAPROCESOR was written.



Analysis of the "contents of a 1bgicél recoxd" (Appendix 1) containing the
necessary data for one gravity station shows that there is no one specific
characteristic of a particular track which could distinguish it from all
other tracks; The cruise numbér however; contained in word six: does
provide some degree of uniqueness; This results from the fact that the
data used for the study was acquired during five different cruises. By
'specifying the maximum and minimum coordinates along with the cruise
number, both available from a listing of the data; obtained by using
DATALISTER and DATACOUNTER one is able to extract the gravity stations
which comprise an individual track plus any pieces of other tracks which
may intersect it from the same cruise., These data are then arranged in
their original order and punched onto cards, each card indicating the
relative position for the station, its latitude, longitude, free-air
gravity, and the cruise number, Along with the cards a listing of the
same data is provided for each station plus a line printer graph of the
free-air anomaly vs, station., The problem then becomes the simple one of
physically separating the few crossing points from the resulting card deck.

(3) Once the actual ship tracks had been reconstructed it was found
advantageous to plot the free-air anomaly vs. distance precisely to have
a hard copy for later reference. The program PROFILEPLOT was written to
perform this operation. A Benson-Lehner 48 inch flatbed plotter belonging
to the University of Houston Electrical Engineering department was used for
this purpose. PROFILEPLOT uses software (on permanent storage at the
U of H Computer Center) written specifically for this apparatus.

The spherical coordinates of the gravity stations were converted to
rectangular coordinates and the cumulative distance from the origin of the

track (taken as the first data point from the west) to each gravity station



was computed; The individual stations were plotted as a continuous line;
unless the spacing was greater than a specified minimum; to indicate inter-
vals of missing data; with the horizontal scale being given in kilometers.
Necessary annotations were supplied to tﬁe software to obtain constant
output format for the profiles:

(4) Next; a suitable base map was chosen (U:s: Coast and Geodetic
Survey Chart No. 1117; Galveston to Rio Grande) for plotting the ship tracks.
The program MAPPLOT was used to plot the location of the ship tracks plus
the free-air gravity anomaly as a continuous curve (except the intervals
where data were missing). The chart chosen for the base was drawn using
a Mercator Projection. The plotted lines however, were drawn using a
constant scale at 28°N lat, Consequently there is a small amount of com-
pression of the point spacing below 28° N lat, and extension of the actual
locations above 28°N lat. This distortion is not considered critical at
the scale of the map and the resolution for which it will be used.

(5) The map was contoured with a five-mgal interval., The intervals
were first located on a listing of the data for the ship tracks and these
values were transferred to the base map by locating the individual stations,
each represented by a discrete point, on the map. An overlay was used for
drawing the contours.

(6) The portion of the Bouguer gravity map by Logue (1954) that was
of interest was enlarged to the same scale as the marine base map by using
a Kale projector and the contours transferred to the overlay directly by
hand. The same procedure.was used for the map of Preston (1970). The land
and marine contours were then joined together: This. process did not
require changing the contouring of the marine daté as the seaward ektension

of the Bouguer values was very smooth,
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The regional grayity map prepared by the method preyiously outlined

is shown in Filgure 3 and Plate II,
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FIGURE 3

Regional gravity map of part of the Texas coastal plain and the

Northwest Gulf of Mexico. Contour interval is five milligals.
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LOCATION, MAGNITUDE, AND EXTENT OF THE MAJOR GRAVITY ANOMALIES

The significant anomalies that can be resolved within the five mgal
contour interval of the gravity map aré shown in Figure 4. Five regional
anomalies are present, in addition to many local minima (not resolvable
on the contoured map but easily seen on a plot of the ship tracks) on the
southern continental shelf (Fig. 5);

A description of each of the anomalies is given below:

(1) The Oauchita Structural Belt Bouguer maximum (AA) is located in
the northwest corner of the map. It trends northeast-southwest and has
an amplitude of as much as 20 mgals above the regional trend. This anomaly
is part of a much larger feature which parallels the Oauchita Structural
Belt, from southeastern Oklahoma south to San Antonio, Texas, where it
veers west toward Uvalde, Texas and on into the Marathon Uplift region of
West Texas (see Fig. 1) (Logue, 1954; Watkins, 1961, p. 28).

(2) The Rio Grande Bouguer and free-air maximum (BB) dominates the
southern part of the map. It is a broad maximum associated with the
Rio Grande delta; consequently it continues farther west and south than-
is shown on the map., Maxima of as much as 57 mgals are associated with
this anomaly on the continental shelf, The overall size of this anomaly
is probably as much as 230 km north-south and over 300 km east-west,
covering more than 70,000 square kilometers.

(3) The Continental Shelf free~air maximum (CC) is a curvilineaxr
feature extending from the northeast margin of the map southwestward
possibly as far as the southern margin. In the area‘above 28°N lat. the
anomaly follows the coastline between 50-70 km offshore. At 27°30'N 1at;

the anomaly bifurcates with the western portion trending northeastward
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FIGURE 4

Regional gravity map showing the locations of the five major

regional anomalies discussed in the thesis. These anomalies

are coded as

AA

BB

cCc

DD

EE

follows:

~ Oauchita Structural Belt Bouguer Maximum

- Rio Grande Delta Bouguer and Free-air Maximum
- Texas Continental Shelf Free-air Maximum

- Freeport Bouguer Maximum

- Texas Continental Slope Free-air Minimum
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FIGURE 5

. "Keithly" ship tracks showing the locations of curvilinear
gravity minima south of 29°N lat. and west of 950W long.
Red denotes the most obvious anomalies (possibly due to low
density, highly pressured diapiric shale). Blue denotes
similar anomalies which appear to be localized. Yellow

denotes a possible salt ridge.
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toward the mouth of the Colorado Riyer while the original portion appears
to continue southwest f£rom the poiﬁt of bifurcation and trend toward the
coastline into Port Isabel where it leéves the area of control; alternatively,
the maximum could trend toward the continental shelf edge as it is followed
south. The continuations of the trend south of the point of bifurcation
should be considered speculative; at best: On the major anomaly south-
‘west of Galveston are isolated highs of 15-20 mgals, These highs merge
offshore Port O'Conner, giving a maximum anomaly of 32 mgals., This maximum
decreases toward the south to the point of bifurcation where it is 10-15
mgals and becomes superposed with the Rio Grande maximum to the south,

The total length of this anomaly (on this map), excluding the bifurcation
and including the extension to 26°N lat, is almost 550 km. There is
evidence (Joesting and Frautschy,1947; J. C. Weyand, persqnal communication,
1974) that the maximum extends 110 km east of the Texas-Louisiana border,
still on the continental shelf.

(4) The Freeport Bouguer maximum (DD) is located southwest of Freeport,
Texas and extend; southwestward into Matagorda Bay. The length of this
anomaly is approximately 200 km and the magnitude above the regional is
as much as 15 mgals in the southwestern portion, decreasing in magnitude
and broadening to the northeast. Another positive anomaly is located 85 km
northwest of the Freeport anomaly. This anomaly has a magnitude of less
than seven mgal and a linear extent of 100 km.

(5) The Continental Shelf free-air minimum (EE) is located within
27° - 28°N lat, 95° - 96% long. This is a negative anomaly of as much as
-50 mgals. The true extent of this anomaly 1s not shown on the map due to
the lack of data to the south and west; however; the free-air anomaly map

of the Gulf of Mexico (contour intexval of 25 mgals) by Rabinowitz in
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Worzel (1973; pP. 745) shows this minimum anomaly to extend as far south
as 21°N lat with the width varying between 50 and 200 km:

(6) The minimum anomalies on the southern continental shelf (Eigl 5)
appear to be both of a local and reéional nature: One of these minima
(shown as the longest red line in Fig. 5) is over 300 km long with negative
anomalies of as much as -12 mgal and may be indicative of a major near-
surface (less than 5 km) structural trend. Another major minimum anomaly
(shown as the other red line in Fig. 5) is located farther inshore and
trends onshore on the southern end (Jones, 1974). The largest magnitude
of this anomaly is probably no more than -6 mgals below thé regional
trend. Numerous other negative anomalies (blue lines on Fig. 5) are present,
Most of these are concentrated between the two regional minima,

To better show the spatial relationships between the regional gravity
anomalies, shown in Figure 4, and the coastal physiography, five profiles
perpendicular to the coastline were made from the regional gravity map.
Their locations are shown in Fiéure 6 and the actuél profiles are shown
in Figure 7.

Each profile begins 70 km inland and extends 150 km offshore. The
position of the coastline is shown on each profile at its geographical
location. All coastlines are aligned for reference.

The presence of the Texas continental shelf gravity maximum (TCSGM)
(CC of Fig. 4) can be seen on profiles A-D and may be inferred on profile
E. The TCSGM can be seen to have two components (M1 and M2) in profiles
C and D, To the west in brofiles A-C the Freeport Bouguer Maximum (FBM)
(DD of Fig. 4) (M3 of Fig. 7) can be seen to have its largest amplitude
on the Matagorda Peninsula profile (C). It can bé seen from the regional

gravity map (Fig. 3) that the southwestern termination of the FBM has
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FIGURE 6

Location of five profiles taken from the regional gravity map

in Figure 3.
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FIGURE 7

_Five profiles taken from the regional gravity map of Figure 3,
The locations of these profiles are shown in Figure 6. The
geographic reference denotes the coastline. Bouguer anomalies
are west of the coastline. Free-air anomalies are offshore.
M1, M2, and M3 represent inferred correlations of the Texas

continental shelf gravity maximum and the Freeport maximum.
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a much steeper gradient than the northeastern termination.

The regional Bouguer gravity field (excluding the FBM) can be seen
in profiles A-D as varying from -12 to ;33 mgals 70 km inland with a
smaller gradient toward offshore to the north:

The continental slope gravity minimum (CSGM) (EE of Fig; 4) can be
seen on profiles C and D where the 100 fathom water depth is characterized
by a free-air anomaly of approximately zero, indicating approximate iso-
static equilibrium, decreasing rapidly farther offshore. A bathymetric
high, possibly a salt diapir, can be seen 25 km from the eastern termination
of profile D.

The remarkable gravitational effect of the Rio Grande delta (the
Rio Grande Delta gravity maximum (RGDGM) of Fig. 4) is shown iﬁ profile E,
The distance along the continental shelf from profile D to E is 160 km,
Comparison of the anomalies at the coastline and the center of the
continental shelf on profiles D and E indicate a gradient of 0.3 mgal/km
increasing from D to E., While profiles A-D do not encounter the zero
Bouguer anomaly contour until approximately 400 km inland, in the vicinity
of the Llano uplift area, profile E shows it to be present less than 20 km

from the coast.
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QUALITATIVE ANALYSIS OF THE RIO GRANDE DELTA GRAVITY MAXIMUM

The term "Rio Grande Delta" as used in this discussion applies not
only to the geographical area covered by the emerged delta but also the
submerged portion. The term also applies to the delta as it has existed

throughout the Quaternary.

‘Tocation and Association with other Gravity Anomalies

The Rio Grande Delta gravity maximum, RGDGM) as has been previously
defined, is enclosed by the area shown in Fiqure 4 (BB). This maximum
extends westward out of the map area (Logue, 1954; Murray, 1961, p. 50)
as a positive nose trending west-northwest at 26°30'N lat. culminating in
a large negative anomaly of -50 mgals along the Texas~Mexico border
extending into Mexico just west of McAllen, Texas (Murray, 1961, p. 63;

Fig 1, this thesis).

Modern Deltas and Isostasy

The regional warping of the crust by widely distributed loads such
as continental glaciers (Walcott, 1970a) and point loads such as volcanic
islands (Walcott, 1970b), are often cited as evidence of isostatic adjust-~
ments., However, application of isostasy to explain the vast thicknesses
of modern and ancient deltaic sequences, while being accepted as the
proper mechanism, does not account for the apparent limiting thicknesses
of sediments (Barton, et al,, 1933, p. 1458). 1In a classic paper, Lawson
(1942, p. 1238) proposes that for the Mississippi delta, the thicknesses of
sediment (more than 36,000 ft.) could be explained by the initial loading
that took place on an isostatically balanced surface, approximately four

km deep, a depth arrived at by studying continental margins off Africa,
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India, Australia, and North and South America (p. 1239). While the depth
of four kilometers which Lawson proposes may be too great, the mechanism

of subsidence of deltas can be explained qualitatively on this basis.,

" "Comparison of the Gravity Effects of the Rio Grande with other Modern Deltas

The association of a high positive free;air gravity anomaly offshore
and a low negative anomaly farther offshore is a common characteristic of
modern deltas; In a north-south geophysical cross-section through central
Louisiana published by Nettleton (1952, p. 1224) a negative Bouguer anomaly
of -30 mgals is centered 90 km inshore from the present coastline. A
regional Bouguér anomaly map (with 10 mgal contour interval) of the western
Gulf of Mexico continental shelf, made available to the author by Mr. Jack
Weyand of Sidney Schafer and Associates, shows a positive anomaly of
40-50 mgals along the offshore portion of the Mississippi delta (not to
be confused with the eastern extension of the Texas continental shelf
gravity maximum) with the highest values being just offshore from the
present delta distributary channels., The distance between this maximum
and the minimum shown by Nettleton (also shown on the map by S.S.A.) is
160~250 km depending on positions chosen on the offshore maximum,

The Niger delta is presently prograding into the Gulf of Guinea gnd
has been actively building since the Tertiary. A Bouguer anomaly map of
the emerged portion of the delta by Hospers (1965, p. 411l) shows a broad
minimum anomaly of -37 mgals located 130 km inland. At the coastline is
a positive anomaly of just over 40 mgals. Although no data are given in
the paper it is possible £hat the positive anomaly extends farther offshore.

The Nile delta is another example of a positive gravity anomaly off-

shore coupled with a negative anomaly onshore. Active during Plio-Pleistocene
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and Recent time, the Nile delta has extended the Egyptian coastline 100 km
into the Eastern Mediterranean (Harrison; 1956, pp: 320-323), Isostatic
anomalies reveal a minimum of -20 to -22 mgals centered 80 km inshore and
a maximum of 43 mgal centered 45-55 km offshore giving a maximum to
minimum distance of 130 km, The minimum thickness of the deltaic sediments,
assuming no subsidence, is estimated by Harrison (p. 321); to be 7000 feet.
Subsidence is indicated, however for after computing the attraction of this
prism of sediments and subtracting it from the observed anomaly, Harrison
observed that the remaining anomalies are all negative (-20 to -60 mgals)
which was considered indicative of crustal displacement by loading.

Another modern delta, the Amazon, described by Cochran (1973, p. 3261)
is characterized by a positive free-air anomaly of 48 mgals just inside
the 100 fathom isobath. The distance from the anomaly peak to the center
of a large negative anomaly inshore does not appear to be more than 100 km.

The distance from the coastline inland to the center of the McAllen
Bouguer minimum (previously discussed) associated with the RGDGM is 150 km.
The total distance between the center of the McAllen anomaly and the center
of the RGDGM is 220 km. Thus the McAllen minimum anomaly is 60 km (average
of inland distances for the Mississippi delta minimum with respect to the
offshore positive anomaly further to the east) and 20 km further inland
than the Mississippi and Niger delta minima and the magnitude of this
minimum also exceeds that of both the Mississippi (-30) and the &iger (=30
to ~-40) anomalies., The total minimum to maximum distance of the Rio Grande
anomalies is then approxiﬁately 20-30 km (average) greater than that for the
Mississippi delta anomalies.

The Nile and Niger deltas could represent the minimum separation of

anomaly peak and troughs at 130 km while the Mississippi could represent
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an extreme of up to 250 km (if the greatest sepaxation between the maximum
and minimum is considered). The Rio Grande anomalies with separation of

220 km fall between the extremes.,

A possible hypothesis to e#plain the observed Rio Grande anomalies
_can be patterned after Walcott (1972). In his discussion of the flexural
rigidity of the lithosphere; he proposes that early stages of deltaic
loading along undeformed continental margins will produce a set of
characteristic free-air gravity anomalies with an intermediate stage
having a positive anomaly over the continental shelf which will be flanked
by negative anomalies, caused by lithosphere flexure, over the emerged
delta and continental slope. As examples of this theory he uses, with
convincing argument, the previously discussed Mississippi and Niger deltas.
This argument allows the gravity maximum to be centered over the present
deltaic continental shelf with the inland anomaly being centered at or
close to the original edge of the depocenter.

Before further analysis of the data, however, reference should be
made again to the McAllen gravity minimum. Conservative estimation of the
depth to the basement in the vicinity of the McAllen anomaly from contours
on the AAPG Basement Map of North America (Flawn, 1967) results in a depth
value of 12-13 km. Mean elevations in this area are much less than 100
meters. The only other area in fexas having similar elevations and gravity
anomalies is the "East Texas" Bouguer minimum located 160 km into the
East Texas embayment (Fig. 1, this thesis; Murray, 1961, p. 50). This
minimum anomaly is more than -40 mgals and the depth to basement in this
area (Flawn, 1967) ;s 7.5 km, Examination of Figure 3 reveals that there

is no broad offshore maximum anomaly associated with the East Texas minimum,



Considexing the oyerall similarity between the Rioc Grande and East
Texas embayments: the likelihood of radically dissimilar origins for the
minimum anomalies associated with them is remote: yet the East Texas
minimum does not have a maximum assoclated with it while the Rio Grande
does.

The apparent similarity in the morphology of the gravitational effects
of deltaic loading in widely separated continental margins suggests a
similar mechanism of development for the various deltas. If Wallcott's
flexural hypothesis is accepted for that mechanism and applied to the
Rio Grande, McAllen, and continental slope anomalies the following order
of events may be proposed (Walqott( 1972, p. 1846):

(1) Formation of an initial edge-effect anomaly on the sediment-

free continental margin.

(2) 1Initial loading of the continental margin by the delta,

producing a downward flexure of the lithosphere., The rigidity of

the lithosphere causes this flexure to be transmitted inland and

further offshore. The gravity effect is a wide negative anomaly
caused by the downwarp of the crust, but with a positive anomaly
centered over the present sediment prism which by itself has not been
compensated., In order these anomalies are the McAllen minimum, the

Rio Grande maximum, and the continental slope minimum.

(3) As the delta progrades the anomalies move further toward the

basin,

(4) When deposition ceases the positive anomaly directly over the

uncompensated sediment prism approaches zero as'the crust spreads

to distribute the load. The minimum anomaly inland will probably

not approach zero as it was not an area of maximum deposition in
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the original sequence and is still depressed from the loading,
The negative free-air anomaly offshore will still remain as it is
caused partly by the increase in waterx depth; although some
isostatic adjustment may take place to cancel this effect;
The East Texas minimum anomaly can be explained in the same fashion.
The absence of the associated broad maximum anomaly over the upper
Texas continental shelf is simply due to the length of time since the

last major deposition being such that local compensation of the load has

taken place.
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PREPARATION OF THE CRUSTAL SECTION

"Introduction

Before preparing the crustal section, several factors; each of which
has a significant contribution to the validity of the section; must be
evaluated; Among these are:

(1) Proper location, including an area which best displays the

Texas continental shelf gravity maximum and the Gulf Coast

geosyncline with its structural relationships and which optimizes

the other available data.

(2) Determination of how well the gravity computation procedure

applies to the area of interest.

(3) Determination of the optimum number of layers which will best

present any known or presumed structural features and also have

the least ambiguity.

(4) Assumption of geologically realistic densities for the layers

which are compatable with other available data and investigations.

(5) Selecting a depth of compensation for the section which will

be both applicable to the problem and also be comparable to crustal

sections computed at other locations.

A discussion of each of these factors is presented in the following text.

(1) Selecting the Location

The siting of the crustal section should be determined by the
following priorities:
(a) The location should be as close as possible to the refraction
lines used by Ewing et al. (1955), Cram (1961), and Dorman et al. (1972).

(b) The section chosen should be representative of the deep crustal
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structure of the Texas coastal plain; continental shelf; ang

continental slope:

(c) To obtain the most realistic regional gravity field, the

section should be located in an area free from the effects of

abnormally shallow low density sediments,

(d) The section should be located coincident with or adjacent to

previous crustal sections so as to facilitate comparison.

(e) To minimize isostatic effects, the section should be located

in a region which has not been subject to large amounts of recent

sedimentation.

The optimum location of the crustal section, chosen on the basis of
these criteria, is shown in Figures 1 and 8, The line extends from
290 1'N lat. 96°58.50'W long. southeast 276 km to 27° 0'N lat. 95°16.75'W
long.

This location is within the zone of overlap of both the Cram and
Dorman, et al. refraction profiles and allows projection basinward to
the refraction station of Ewing (V-24) as an anchor. Lack of precise
gravity data, however, prevents actual extension of the crustal section
to Ewing's station.

As can be seen in Figures 3 and 9, the section is located across the
significant gravity anomalies (both the Freeport maximum and both components
of the Texas continental shelf maximum as well as extending into the
continental slope minimum), so it should show the structural significance
of these anomalies.

The proximity of the section to and parallelism with the San Marcos
arch (Fig. 1) and its possible basinward extension should result in a

thinner section of Mesozoic evaporites and should also minimize the effects
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FIGURE 8

Location of the crustal section shown in Figure 10.
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FIGURE 9

Location of gravity maxima on the Texas coastal plain and
continental shelf, The broad line represents the location of
continuous gravity maxima on the Texas coastal plain and
continental shelf., The dashed portion represents speculative

continuance of the Texas continental shelf maximum,
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of the Tertiary low density shale as the location appears to be on the
edge of that depositional province: Thus thevnegative anomalies resulting
from these lower density materials should be minimized along the ;ection;

Several other crustal models have been prepared parallel to this line,
among these are Keller and Cebull (1973), Fish (1971); Cram (1962),

Dorman et al; {(1972), and Worzel and Watkins (1973). The two former models
are actual computed gravity models while the later three represent models
derived from seismic and well control which are projected out into the

Gulf to tie with the refraction stations of Ewing et al., (1955).

A significant factor that might explain the popularity of this location
with different workers is that the area probably represents the thinnest
sediment cover along the Texas coast (as interpreted from isopachs by
Williamson (1959), Waters et al. (1955)) and has not been an area of

significant deposition since the Miocene (Murray, 1961).

(2) validity of the Computation Method

The procedure used in computing the gravitational attraction of the
crustal section is that outlined by Talwani et al. (1959a and b) and in
Appendix 2. This is a two-dimensional technique, i.e., the geometry and
densities of the assumed layers may vary laterally and vertically, but
the third dimension (into the section) must remain constant. This technique
is valid zlong the crustal section, since the trend of the axis of the
major structural feature, the Gulf Coast geosyncline, closely follows the
present coastline., The mgntle and oceanic crust extend in all horizontal
directions while the strike of the continental crust and any Paleozoic
sediments closely approximates the coastline although inland from it. The
only variations of the structure of these main layers occurs along strike,

Any major discrepancy in computing the anomaly probably then results from
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lateral density variations and thinning in the sedimentary layer.

These effects however, are probably minimal,

Perhaps the most important éSsumptions in the computation of gravity
anomalies are the number and geometry of layers and their densities or
density contrasts. It can be shown that as the number of layers increases
the ambiguity inherent in the solution of any potential field problem
also increases, unless there is sufficient seismic control fo establish
the depths of the interfaces; Yet use of too few layers for a particular
problem may result in a geologically unrealistic solution. The optimum
geometry then will be that which can be established by well control, or
by seismic or magnetic data or which can be inferred by analysis of
regional structural and stratigraphic trends. These same statements apply
to the choice of densities. The final result is to obtain as many interface
locations and densities as possible through the use of well, seismic, and
magnetic data and then to apply the gravity interpretation to solve for
the other variables that cannot be determined from such data,

In the construction of the crustal section, six layers are used. They
are the water layer, sediments, Paleozoic "Metasediments", continental
crust, oceanic crust, and the mantle. The thicknesses and extent of the
various layers is given at the three refraction stations along the crustal
section. From the indicated depths at these stations it is possible to
"hang" the interfaces on the known control points and project their lateral
extensions by use of the observed gravity anomalies. Since the number of
layers is approximately known from the refraction data, it remains to
assign densities to each. However, since it is the contrast between the

assigned density and the average density of a theoretical "standard section"
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that is used in the calculations, its xelationship to the computation of

regional gravity anomalies should be given.

The total attraction of a crustal éolumn depends on the average
density of the column and its total thickness: The depth at the bottom
of the column is known as its "depth of compensation" or the depth at which
isostatic equilibrium prevails (Heiskanen and Vening Meinesz, 1958, p. 124);
below this depth it is assumed that densities are laterally uniform,

A "standard section”" is an ideal crustal column whose total attraction
represents the average for large areas such as continents or ocean basins
(Worzel and Shurbet, 1955b). These sections, of course, are synthetic,
being derived from the study of large numbers of seismic refraction stations
and their corresponding gravity anomalies. While the layering of a par-
ticular standard section is immaterial, the total attraction (corrected
for observed gravity anomalies) of all standard sections around the world
should be the same (Talwani, 1964, p. 34).

Using the "standard section" the computed regional gravity anomaly
at a station is then the total attraction of the crustal column at that
point minus the attraction of the standard section. This anomaly is
attained by using the density contrasts which result from subtracting the
average density of the standard section from the known or presumed density
of each layer, These computed anomalies should then show the variation in
structure at a particular location with respect to an assumed column of

mass representing the average throughout the world.
To compute the standard section of an area, knowledge of the number
of interfaces, obtained from seismic refraction data in the area, and

knowledge of the densities of the layers, achieved by comparing the P-wave



velocity of the layer to the empirical Nafe-Drake curve (Menaxd, 1967,
p. 3065, Fig., 3), by study of the literature, and by inferring its compo-

sition on the basis of whatever other data might be available,

(1) Mantle ~ Compressional veloclties assumed to be representative
of the upper mantle were observed by Cram (8.18 km/sec), by Dorman et al,
(8.41 km/sec) inland and along the south Te#as coastal plain; Warren
et al, (1966) report a mantle velocity of 8:38 km/sec in southern Mississippi
while Ewing et al. (1955) report a mantle velocity of 8.3 km/sec south of
the Sigsbee Escarpment (V-24) on the northern edge of the abyssal plain
in the Gulf of Mexico.

These recorded velocities, ranging from 8,18 to 8.41 km/sec are
anomalously high when compared to the western United States and most of the
east coast or for the rest of the world for that matter (Herrin, 1969,

p. 243, Fig. 1). Only in the central U, S. and aloﬁg the coast of southern
California are the compressional velocities greater than 8.2 km/sec, The

low mantle velocities in most of the western United States have been
attributed to a lower density mantle (3% deficiency) by Thompson and

Talwani (1964, p. 4813). A normal mantle density for that region should

be 3.4 gm/cc. Since the western United States is characterized by anomalously
high heat flow, the result of geologically recent tectonic activity (Simmons
and Roy, 1969, p. 81) the observed low mantle velocities and density are

not surprising.

Heat flow in the northern Gulf of Mexico ranges from 0,7-1.0 cgs units
while the average of all continents énd oceans is 1,45 and 1.46 cgs unitg
respectively (Von Herzen and Lee, 1969, pp. 90-92). This may be in part

due to the large sediment thicknesses or to the absence of seismic activity.
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Considexing the length of time (ovex 108 yeaxs) since regional
tectonic movements have taken place in the northwest Gulf of Mexico the
presence of a normal mantle density of 3:4 gm/cc should be expected. There
does not appear to be complete agreement on this value; as shown by
Table 5; which tabulates crustal sections or isostatic computations and
assumed densitles that have been used by other investigators in the western
Gulf of Mexico., The mantle densities range from 3.3 to 3.4 gm/cc,

The density assigned to the mantle in the computed crustal section
is 3.4 gm/cc. This density satisfies the high observed compressional
velocities, low heat flow, and an inferred upper mantle of peridotite,
eclogite, or pyrolite composition (Wyllie, 1971, p. 29).

(2) Oceanic Crust - Compressional wave velocities of 6,45-6.94 km/sec

were recorded for the "oceanic crust" along four refraction lines (Cram,
Dorman et al.,, Hales et al., and Ewing et al.). They are interpreted as
representing a baéaltic composition., Table 5 shows that the range of
densities that haye been assigned to the oceanic crust is 2.8 to 3.0 gm/cc.
Use of the Nafe-Drake curves (Menard, 1967, p. 3065, Fig. 3) for a velocity
of 6,61 km/sec (mean of seven refraction values, including four from Hales
et al.,) results in a density of 2,91 gm/cc. The mean of oceanic crust
densities for Table 5 is 2,93 gm/cc.

The density for the oceanic crust should then be at least 2.91 to
2.93 gm/cc from the previous analysis. Mass balancing, used in later
attempts to construct the standard section indicated that a higher density
for this layer would be appropriate; this conclusion was also born out in
attempts to compute the gravitational attraction of the southeastern end
of the crustal section, A compromise density of 2.97 gm/cc was chosen as

it gives good results in the mass balancing, the computation of the crustal



TABLE 5

LAYER DENSITIES USED FOR CRUSTAL SECTIONS AND ISOSTATIC COMPUTATIONS IN AND ADJACENT TO THE
WESTERN GULF OF MEXICO

Densities
Continental Oceanic
Investigator (s) Sediments Crust. Crust - Mantle. - Location
Dehlinger and Jones, 1965 2,00-2,50 2.70 3.00 3.40 Galveston, Texas to Yucatan
Shurbet, 1969 2,00-2,70 2,84 2.84 ? Galveston, Texas to Sigsbee
. Scarp
Preston, 1970 2.30-2,50 2,84 2.84 3.35 Rio Grande Embayment to
Continental Shelf
Hales, Helsey, and Nation, 1970 2,16-2,67 2.84 2,84~-3,10 3,30 Texas-Louisiana Coastal Plain
to Continental Slope
Pish, 1971 2,10~2,67 2,80 2,90 3,30 San Marcos, Texas to
Indianola, Texas
Keller and Cebull, 1973 2,51 2,75 3.00 3,30 Odessa, Texas to Port
O'Conner, Texas
Worzel and Watkins, 1973 2,30 - - 3.40 Isostatic Computations
Moore and Castillo, 1974 2,00-2,40 2,80 2,80-3.,00 3.40 Veracruz to Compeche Bank
Burnaman, 1974 2,53 2,88 2,97 3.40 Texas Coastal Plain to

Continental Slope

cL
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section, and is well within the range of densities chosen for this layer
by previous investigators (Table 5),

" (3) and (4) Continental Crust and Paleozolc¢ Metasediments - Velocities

indicative of continental crust (inferred granitic composition) were recorded
on the Cram and Dorman et al, profiles; Cram found a thickness of 12.5 km
of 5.38 km/sec material which he interpreted as being "Paleozoic and
Precambrian metasediments and acidic igneous rocks" (Cram, 1961, p. 569).
Dorman et al. estimated a thickness of 6.48 km of 5.22 km/sec material
which they correlated with Cram's 5,38 km/sec layer (Dorman et al., 1972,
p. 332, Fig. 5, p. 335, Fig. 7). Contrary to these interpretations Hales
et al, (1970) in his refraction survey along the Texas-Louisiana border
identified approximately 6.5 km of 5.76 km/sec material 30 km inland
thinning to 5 km of 5,81 km/sec material 30 km offshore. This layer was
also identified 300 km inland (at a speed of 5.75 km/sec), but the bottom
interface was not recorded. This 5.75 - 5.76 km/sec velocity was interpreted
as "may correspond to the Cretaceous-Tertiary interface" (p. 2042), implying
that the 5.75 km/sec layer is the Cretaceous limestone and not the "crust".
They further show on p. 2049, Fig. 8 this boundary along the offshore
section as corresponding to the top of the Cretaceous inferred by
Williamson (1959).

The probable existence of Paleozoic "metasediments" under the Texas
coastal plain has previously been noted. Yet, Cram, Dorman et al,, and
Hales et al., failed to discriminate any boundary between these "metasediments"
and the continental crust (thus assuming that the next lower layer with
velocities over 6 km/sec is not continental crust). It should be mentioned,
though that in the area along Hales' profile the "metasediments" may be

missing entirely,



This paradox may be resolyed if it is assumed that the intense heat
and pressure to which the Paleozoic sediments have been subjected has
increased the seismic velocity to one resembling the continental crust.

Any compositional and/or tektural changes which have taken place are most
probably gradational: resulting in the absénce of an easily distinguishable
seismic or textural boundary: For simplicity however, these may be treated
as two distinct layers with the continental crust terminating somewhere
under the coastal plain and the metasediments extending on to the coast

as envisioned by Flawn (1964, p. 275).

This same argument can be stated for the absence of a clearly defined
seismic boundary between the Cretaceous limestone of Hales et al, and the
continental crust as velocities of 5.75 km/sec are not uncommon for deeply
buried, highly compacted limestones,

Using a mean velocity for the continental crust of 5.30 km/sec
{(obtained from the Cram and Dorman et al. profiles only) with the Nafe-
Drake curve results in an apparent density of 2.63 gm/cc. This density is
0.16 gm/cc lower than the mean of densities used for this layer by other
investigators (Table 5). For this reason, hiéher densities for these two
layers should be considered.

A representative average density for the continental crust is
probably 2,84 gm/cc as described and used by Worzel and Shurbet (1955a and
b). Table 5 gives a range of 2.70 to 2.84 for continental crust densities.
Using 2.84 gm/cc as an average continental crust density, it could be
possible to assign the metasediments a density of 2.80 gm/cc and the
continental crust a density of 2.88 gm/cc.

The 2,80 gm/cc density of the metasediments ié 0.03 gm/cc less than
that used by Fish (1971; p. 15) for the same layer, while the 2.88 gm/cc

continental crust is generally higher than any other investigator has used
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for crustal sections in the area: However; if equal thicknesses of
continental crust and metasediments are considered; their average density
would be 2.84 gm/cc and a general increase of density with depth is assumed,
The exact density of the continental crust is not crucial to the calculation
of the crustal section since this portion of the crust appears to truncate
far inland and its resulting gravitational effect on the model is minimal.

“(5) 'Mesozoic and Cenozoic Sediments - Probable sediment velocities vary

from 2.3 to 3.9 km/sec along the Cram (1961) profile, 2.20 to 4.49 km/sec
along the Dorman et al. (1972) profile, and 1.78 to 2.84 km/sec along the
Hales et al. (1970) profile. Accepted sediment densities (Table 5) in the
Gulf Coast geosyncline vary from 2,0 gm/cc for near surface sediments,
The true representation of sediment density in this region is probably
best shown by Musgrave and Hicks (1966, p. 717, Fig. 13). They describe the
sediment density under the Louisiana continental shelf as increasing
linearly from 1.95 gm/cc at a depth of 1,000 feet to 2.60 gm/cc at a depth
of 20,000 feet. This is a simplification but it does show the fundamental
relationship of sediment density to depth of burial in the Gulf Coast as
described by Nettleton (1934, p. 1179, Fig. 1).

The absence of well data along the major portion of the crustal section
precludes assuming individual layers for the major lithologic groups,
Late Triassic - Jurrassic evaporites (predominantly salt), Cretaceous
limestones, and Tertiary sands and shales. Consequently, the determination
of a density for the entire post~Paleozoic sequence should take into
account the unknown thickness of evaporites (2.15-2,20 gm/cc), the upper
Cretaceous limestones (2.40-2.70 gm/cc), and the Tertiary sand-shale
sequences (1,95-2,60 gm/cc). The sands and shales comprise the majority

of the sedimentary section, with the limestones probably being more
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prevalent to the northwest than to the southeast and the evaporites being
more abundant to the southeast than to the northwest (Murray; 1961); Any
average density chosen should reflect these abundances and should also
include the increase of density with increasing depth of burial displayed
by the dominant Tertiary lithology:

Dehlinger and Jones (1965, p. 105) in discussing the density

assumptions used in constructing their crustal section state:

"A deviation from the Nafe-Drake curves was assumed for the major thick-
ness of the Gulf Coast geosyncline, where average densities of 2.5 gm/cc
were used instead of the 2.4 gm/cc obtained from the curves. This change

was based on known densities from well data in South Texas".

The average density over the total thickness of each sediment
layer measured at the deepest portion of the geosyncline in the Dehlinger
and Jones section is 2.41 gm/cc, as is the case for the section of
Shurbet (1969, p. 244). The average sediment density for the crustal
section of Moore and Castillo (1974, p. 614) is 2.30 gm/cc while that
for the sections by Fish (1971, p. 17), Preston (1970, p. 24), and
Keller and Cebull (1973, p. 1664) are 2,49, 2,50, and 2.51 gm/cc re-
spectively., The average sediment density of all seven crustal sections
is 2,41 gm/cc. This density appears to be low in light of the thick
sequence of sediments (presumably greater than 15 km) and the fact that
both the Musgrave and Hicks curvé and the Nettleton curve show a density
of 2.45 gm/cc at 16,000 feet (4.8 km). This depth is less than one
third of the total estimated thickness of sediments at the deepest part
of the geosyncline,

Left out of these calculations are the higher density carbonates and

the lower density evaporites possibly present at the bottom of the sediment



77

section. If densities of 2.54 gm/cc and 2.20 gm/cc are assumed for the
carbonates and evaporites respectively; their average is 2;37 gm/cc; also
assuming equal thicknesses: Furthermore; if a total thickness of sediments
of 16 km is assumed; includin§ 2 km of 2:37 gm/cc material and 14 km of
2,50 gm/cc material, the averaée densit& of the entire column is 2.48 gm/cc.
As was the case for the density of the oceanic crust, after several
attempts at mass balancing for the standard section and finally many
crustal models, a density of 2,53 gm/cc was considered to be most represent-
ative of the total thickness of sediments.
(6) Water - The water column is assigned a density of 1.03 gm/cc,

its actual density at the temperature and salinity it possesses.,

N

Computing the Standard Section

Once the layers have been specified and their densities have been
assigned, it remains necessary only to select the total thickness and
average density of the standard section.

Talwani et al., (1959b) used a column of strata 32 km deep with an
average density of 2.87 gm/cc in their investigations of the Puerto Rican
tranch through the use of gravity anomalies. This same section was again
used by Talwani et al. (1965) to compute gravity anomalies over the Mid-
Atlantic ridge, south of Iceland. Worzel and Shurbet (1955a) describe
standard sections for both continental and oceanic areas with each section
having an average density of 2.84.gm/cc and depth of 33 km. These sections
were subsequently used to compute gravity anomalies along the eastern
continental shelf of the United States (Worzel and Shurbet, 1955b). It
remains to be seen which of these sections, if any, most resembles the
mass distribution of the Texas coastal plain and continental shelf; which
constitute a transition zone between the continental and oceanic areas

(Menard, 1967, p. 3061).



A description of possible standard sections for the Texas portion
of the Gulf of Mexico transitional area is shown in Table 6., This table
lists the seismically determined layering for both the Cram and Dorman
et al.,refraction stations; along with the assumed densities for the layers
and their mass/unit area: adjusted for gravity anomalies: computed by the
method of Hayes (1966: p: 336). For each station the total areal mass is
computed down to 32 and 33 km (by the sum of products of the layer thick-
ness and assumed density) and the average densities are then determined.

The average density for the Cram column is 2.85 gm/cc for both the
32 and 33 km depths of compensation. Average densities for the Dorman
et al., column are 2.85 and 2.86 gm/cc for 32 and 33 km depths respectively.
These two Texas crustal columns are 0.01-0.02 gm/cc heavier than the Worzel
and Shurbet columns and 0,01-0.02 gm/cc lighter than that of Talwani et al.
It should be noted that the standard sections of Worzel and Shurbet use
a mantle density of 3,27 gm/cc, while that of Talwani et al. use a mantle
density of 3.40 gm/cc.

In computing regional gravity anomalies, the effect of a thicker
crustal column is to increase the attraction while a thinner column decreases
it. Thus, whether a 32 or 33 km column is used should be of critical im-
portance. However, since the attraction of the theoretical column is sub-
tracted from the total computed anomalies, the effect of a thicker column
can be minimized by lowering any or all of the interfaces to decrease total
attraction (assuming a continual increase of density with depth) or raising
it if the theoretical column is shortened.

For the crustal model computed in this investigapion, a standard
section of 32 km with an average density of 2.87 gm/cc was chosen. This
5

section, while admittedly having a mass excess per unit area of 0.64 X 10

2
gm/cm  (0.02 gm/cc X 32 km) greater than the column computed for the two
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available refraction profiles (Table 6); is comparable to crustal sections
computed at other localities, i.e, Talwani et al. (1959b), Talwani et al.
(1965); Dillon and Vedder (1973): and Henderson (1963).

The density discrepancy between the>computed sections and the one
assumed for the model may be described as follows: assuming that the depth
of the chosen standard section is correct; then subtracting a higher average
density (2;87 instead of 2.85 gm/cc) from the assumed densities for the
layers has the effect of decreasing the positive attraction of those
densities greater than 2;85 gm/cc and increasing the negative attraction of
those densities less than 2.85 gm/cc. These changes will result in slightly
higher interfaces than computed otherwise. Any changes in interface depth,
however, are immaterial, due to the ambiguities inherent in the original

assumptions as to number of layers, densities, and depth of compensation.

Computing the Model

After the number of layers, their densities, and the standard section
were determined, fhe next step was to prepare the crustal model for input
to the computer program (GRAVITYMODEL, Appendix 2)., The seismic refraction
depths from Doxrman et al. (1972) 47 km inland and Cram (1961) 124 km inland
were posted on centimeter graph paper (1 cm = 4,6 km, horizontal; 1 cm =
1 km, vertical). Gravity computation station (field points of GRAVITYMODEL)
spacing was 4.6 km with 61 stations used for a total model length of 276 km,
The‘first station was 92 km inland and was used as the\zero ordinate and
abscissa for the coordinates of the layers. The observed gravity at each
computation station was obtained from the regional gravity map (Fig. 3 or
Plate II). Water depths were determined from the United States Coast and

Geodetic Survey Chart 1117 and from Gealy (1955). All applicable layers

were extended a maximum of 1800 km on either side of the zero ordinate to



TABLE 6

Observed = Total
Gravity Equivalent : Adjusted Average
Seismic Anomaly mass/ynit area Velocity Thickness Density Mass/unit area Mass Density
Station {mgals) (x 10° gm/cm?).. Layer - (km/sec)-- . --(km). - - (gmfcc). - (X 105 gm/cmz) ... {a + b) {gm/cc)
Cram, -25 +0.60" Sed 2,20 2.30 2.53 5.06
1961 Sed 3,94 5.30 2,53 13.41
Cont.
Crust
and . o ik
Metased. 5.38 12,50 2.86 35.75
Oceanic
crust N
{(to 32 km) 6.92 13.20 2,97 36.23 91,05 2,85
(to 33 km) 39.20 94,02 2,85
Mantle :
* (to 32 km) 8.18 -0~ 3.40 -0-
Dorman =27 +0.64 Sed 2,20 3.30 2.53 3.36
et al. Sed 3.40 4,26 2,53 10.78
(1972) Sed 4,49 2,28 2,53 5.67
Metased. 5.22 6.48 2.80 18.14
Oceanic -
crust 6.45 13,62 2,97 40,45
Mantle .
(to 32 km) 8.41 2,06 3.40 7.00 91.13 2,85
(to 33 km) 3.06 3.40 10.40 94,53 2,86
* 42 A~y nD 2
mgals =10~ gm/cm

** includes 9 km continental crust and 3 km metasediments

08
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obtain realistic gradients for the ends of the modél. Density contrasts
( JD.- 2.87) used were: water; ~1.84; sediments; ~0,34; metasediments, -0.10;
continental crust, +0;01; oceanic crust; +0,10; and mantle; +0,53, Total
attraction to 32 km was then computed; The coordinates of all layers are
given in revised MODEL of Appendix 2;
Figure 10 shows the final model which represents the results of approx-

imately 350 program executions using variations of the laQering geometry.
It can be seen th;t the depths at the seismic control were changed, in some
cases a few tenths of a km to obtain a better fit to the observed gravity.
Of greater importance, however, was the necessity of including three vertical
intrusions (af= +0.50) at positions to correspond to anomalies M1, M2, and
M3, The reasons for including these high density intrusions are discussed
in the next section of this thesis.

- The actual input parameters fér the final gravity model are listed in

Datafile REVISEDMODEL. in Appendix 2.
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FIGURE 10

The computed crustal section. The location is shown in Figure
8. Anomalies M1, M2 and M3 are from Figure 7. The intrusive
corresponding to anomaly M3 has been exaggerated in width for

presentation purposes. 1It's éctual width is 0.75 km,
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DISCUSSION OF THE CRUSTAL SECTION

Introduction

The three positive regional anomalies aloné the computed crustal
section (Fig. 10) may be caused by continental edge effects; "basement"
topography, shallow high-density intrusions: "basement" intrusions, or any
combination of these features., Each of the possibilities is discussed in
the following text along with a discussion of general features of the
section,

The Relation of the M-Discontinuity and Water Depth to a
Continental "Edge" Effect o

The attraction of the observed gravity field along the crustal section
may be thought of as being caused by five major components: variations in
depth to the M; lateral variations in the crustal thickness or density;
relief on the crust-sediment interface; variation in the density of near
surface material; and variations in water depth of the offshore area.

Along continental margins the regional gravity field is influenced
primarily by rapid changes in the depth to M coupled with rapid changes
in the bathymetry. Considering only Bouguer anomalies, the change in depth
to M across the continental margin from the interior continental area
results in an increasing anomaly whose value is generally negative in areas
of high elevation, zero in areas at or close to sea level, and positive
over marine areas where the water is deep (Nettleton, 1971, p. 66, Fig. 50).
Using the free-air anomaly only for the offshore portion will result in a
positive anomaly over shallow water depths and an ab;olute or relative
negative anomaly over the deeper water which may then become positive

further offshore where the M is shallowest,
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This positive free~aix anomaly (on the continental shelf), coupled
with a negative anomaly further offshore is a result of the continental
"edge" effect (Worzel and Shurbet; 1955b; p: 466): It is similar to the
effects already noted in the discussion of the Rio Grande Delta gravity
maximum,

Using models of simplied continental margins Worzel.(1965; p; 348,
Fig. 135) showed that "edge" effect anomalies with an absolute difference
of 100 mgals could result from a change in mantle depth of 18 km over a
distance of 150 km coupled with an increase of water depth from zero to
five km in the same section. The positive anomaly is wholly a function of
the gradient of the crust-mantle interface while the negative anomaly is
wholly explanable on the basis of the crust-water interface. The "edge"
effect then connotes no deep structural significance other than these
depth changes.

Is the Texas Continental Shelf Gravity Maximum
‘Caused by an Edge Effect? ‘ -

It became apparent after studying the first few preliminary computer
models of the crustal section that the crust-mantle interface could not
have the steep gradients previously discussed if the observed gravity and
the depths and assumed densities of the seismically determined horizons
were to be honored. To test the hypothesis that the Texas continental
shelf gravity maximum (TCSGM) is not caused by an "edge" effect and to
isolate local anomalies for further study, simple Bouguer anomalies {(no
terrain correction), described in a later section, were computed for
tracks H16 and D3 (Figs. 11 and 12), The procedure used to compute these
anomalies 1s described in the later section on minimum anomalies. Track

H16 is perpendicular to the coastline and crosses track D3 (also perpendicular)
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FIGURE 11

Obsexrved free-air gravity anomaly, simple Bouguer anomalies for
various correction densities, and bathymetry along track H16.
Bathymetrf is from Gealy (1955)., Location of the local minimum
anomaly of Figure 17 is at "MODEL"., Carets represent locations
of inferred near surface salt masses as evidenced by both bathy-

metry and local gravity minima.

NOTE: Coordinate of eastern terminus should be 27° 0.10' N.
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FIGURE 12

Observed free-air gravity anomaly, simple Bouguer anomaly for
various correction densities, and bathymetry along track D3,
Bathymetry is from Gealy (1955). Carets represent locations of
inferred near surface salt masses as evidenced by both bathy-

metry and local gravity minima.
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at a distance of 175 and 190 km xespectively fxom the coast. Comparison
of the free-alr anomalies of D3 and H16 indicates that the TCSGM (Ml on
Figs. 11 and 12) is centered on each profile at 75 km offshore. There is
a minimum anomaly on H16 (at "model") which furrows the shelf ma#imum.
This minimum anomaly may be traced south of Port Isabel; Texas;

Drawing attention to track D3 we see that the two components (M1 and
M2 of Fig. 12) of the TCSGM represent the only positive anomalies. At
the northwestern termination, the Bouguer anomaly (using 2,0 gm/cc) is
=10 mgals, while at the southeastern end it is +11 mgals. The northwest
end of the track is located 41 km east of the crustal section, where the
gradient of the Bouguer anomaly along the land portion of the crustal section
is 0.14 mgal/km,

Using the 0,14 mgal/km gradient, it can be seen on Figure 12 that the
two components of the TCSGM (after correcting for negative anomalies
inferred from Figure 5) represent substantial variations from the regional
Bouguer gradient. Anomaly M2 is 24 mgals high while anomaly M1 is 35 mgals
high, Essentially the same results can be seen on track H1l6 (Fig. 11).
Here if the effects of the Rio Grande gravity maximum are subtracted from
the Bouguer value at the coastline and the anomaly there is taken as 14 mgals,
then using the 0,14 mgal/km gradient results in a positive anomaly of 32
mgals at M1, above the linear Bouguer regional trend, if allowance is made
for the gravity minimum at 75 km. While these computed Bouguer anomalies
are similar at the tie point, the resulting regional anomalies are 12 and
17 mgals for D3 and H17 respectively.

The computed M depth rises 3.5 km from 50 km in;hore of the coastline
and continues to rise (excluding the inferred down faulted section under

the continental shelf, shown in Fig. 10) in an undulatory fashion to 22 km
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at the end of the computed section 184 km into the Gulf of Mexico; It
probably continues its undulatory xise to station V-24 of Ewing et al.
(1955) where it is measured at 19;3 knﬂb If the M does in fact rise to the
19;3 km depth for V-24 at a closer distance to shore than shown in Figure
lO,lthe effect of the resultiné e#cess positive gravity anomalies along
the crustal section could be minimized by increasing the sediment thick-
ness to greater than 14 km at a distance of 100 km offshore. This would
be only a minor adjustment and would not violate the geometry of the
measured interfaces at V-24,

The major f£lexure on the M (excluding the down faulted block) occurs
just east of the Dorman et al. (1972) profile at a depth of 27.8 km. The
resulting M gradient (0,03 km/km, within 50 km either side of the coastline)
apparently conflicts with gradients measured from the computed sections of
Dehlinger and Jones (1965) and Shurbet (1968). Gradients of the M on these
sections are 0.085 km/km and 0,155 km/km respectively, within 50 km either
side of the shore}ine.

Since computatation of the Bouguer anomaly should, in theory,
"continentalize" the observed free-air gravity anomalies most of the
"edge" effect should be removed and the smothed regional gravity field
should increase toward the basin. As was shown, both in Figures 11 and
12 and, although not shown for the gravity profile associated with the
crustal section, the components of the TCSGM are still»present after
computing the Bouguer anomaly. Considering the lack of correlation
between the TCSGM and the bathymetry above 28°N lat,, the complexity of
the TCSGM, and the apparent low gradient of the M, it appears that a

continental edge effect cannot explain the TCSGM completely.
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Are the Components of -the Texas Continental Shelf Gravity
“‘Maximum the Result of Basement Topography? =~ =~~~

The existence of a "basement” ridge or high undex the Te#as Continental
shelf or slope has been postulated extensively in the 1iterature; Logue
(1954), by extrapolating land gravity isogals; projected the Applachian
gravity trend through southern Alabama and Florida into the Gulf of Mexico
just south of the Mississippi delta and over to the Rio Grande delta,

This gravity maximum was inferred to be caused by a buried extension of
the Applachian mountain chain called "Llanoria'.

J.Ewing et al. (1960, p. 4089) show a ridge feature on the "basement"
(5.4 km/sec) on a cross-section across the Gulf of Mexico based on avail-
able seismic refraction measurements, This "ridge" is located under stations
V-28 and V-29 (V-29 is northwest of V-28 shown in Fig. 1., this thesis).

In discussing this feature they state,

"after examination of all the data, it now appears more likely that the

5 kim/sec material is part of a large ridge which éeparates the Sigsbee
deep from the Gulf Coast geosyncline”,

Hardin (1962, p. 13, Fig. 17), in a schematic cross-section through central
Louisiana to link up with the Ewing et al., (1955) and J. Ewing et al. (1960)
seismic refraction data shows a pre~Jurassic basement ridge with local
relief as great as 5.8 km composed of "folded Paleozoic Metasediments".

He states that this feature may, in part, be caused by downfaulting to the
northwest, This ridge is located under vV-28. Cram (1962, p. 1726), also
using J. Ewing et al. (1§60) data, infers a ridge under station V-28 in his
schematic cross-section through the Texas portion of the Gulf Coast geo-
syncline. He algo states that this feature may be céused by sediment

loading (p. 1726).

Antoine and Ewing (1963, p. 1979, Fig, 3), in another schematic



section across the Gulf Coast geosyncline off Galyeston; show dip reversals
under refraction station V-28 and interpret the deepest mappable layer of
5;3 km/sec to be upper Cretaceous; However; on page 1983, while discussing
this cross section they state:

"The results can be interpreted to indicate the existance of a prominent
ridge or uplift in the deeper layers which forms the southern margin

of the Gulf Coast geosyncline and separates it from the Sigsbee Deep...
However, we emphasize once more that we have only a limited number of
profiles for the area and the evidence from them is far from overwhelming".
Dorman et al, (1972, p. 335, Fig. 7), in their approximate crustal section
along the same line as the crustal section in this thesis, show a high
point on the oceanic crust under the upper continental slope from pro-
jections of Hales et al. (1970).

After reviewing these data and their authors' interpretations, it is
this authors' conéention that the 5.3 km/sec velocity measured 240 km
offshore from Galveston at V-28 at 5.0 km depth is actually salt, which
is now accepted as being present under this area but was not at the time
these previous references were published. Consider, for example, Uchipi
and Emery (1968, p. 1191, Fig. 19), as they show that the entire con-
tinental slope, from Texas to Mississippi, is strewn with structures,
both topographic and seismic, which may be attributed to salt diapirism,

Consequently there does not appear to be any confirmed evidénce of
substantial relief on the surface of the oceanic crust below the continental
shelf and slope, other than that suggested by the crustal section of
Figure 10, Here, the deepest portion of the Gulf Coast geosyncline is
inferred to be located 51 km offshore. The depth to the oceanic crust

at this point-is 16.3 km (53.5 k ft). This surface rises to 14.3 km



25 km further offshore and going toward shore it has a depth of 15 km
at 19 km from the coastline, This depressicen in the crust terminates the

dip of the basement surface which began in the vicinity of the Llano Uplift.

Are the Components..of the Texas Continental Shelf Gravity Maximum
" ‘Caused by Shallow High Density Materiale -~~~ -~~~ "~~~ """

Simple Bouguer anomalies were computed from the free-air anomalies
along the crustal section., Using the 0;14 mgal/km gradient observed on the
land portion of the section allowed isolation of residual anomalies for
both M1 and M2 of Figure 10, Use of the "half-width" method of Nettleton
(1940) on these two residual anomalies results in depths of 13.8 and
12,9 km respectively for the depth to the center of an infinite horizontal
cylinder, Assigning a A/ of 0,50 gm/cc gives é dylinder with a diameter
of 10.5 km centered at a depth of 13.8 km for Ml and a cylinder with a
diameter of 7.4 km centered at a depth of 12,9 km for M2.

The dimensions resulting from Nettletons' formula should be considered
only as an approximation since, among other things, it assumes that the
residual anomaly being used is caused only by the assumed model (i.e. a
true residual). Since the depth to M, which greatly affects the observed
gravity anomalies, is only known from the present gravity calculations; it
would be fortuitous to expect that the simple 0.14 mgal/km gradient truly
represents the actual regional gravity field. However, the depths and
widths which were obtained do appear to rule out that anomalies M1 and
M2 are caused by shallow high-density igneous or sedimentary rocks,
rather, the calculated depths and widths infer sources in the basement, in
this case the oceanic crust; with widths of the order of those shown for
Ml and M2 in Figure 10, It should be noted that lowering the density

contrast in the calculations has the effect of increasing the diameter of
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the cylinder whose center has been located by the half-width of the
residual anomaly.

The previous discussion should not infer that intrusive igneous
rocks (within the sedimentary section) are not present in the South Texas
area. Murray (1961: p: 126) states that the San Marcos arch:
"differs somewhat from that of adjacent embayments and salt dome areas in
the presence of different predominant structural types, in the absence
of known salt or at least an insufficiency of salt to produce diapiric
intrusions; and in the presence of relatively common serpentine masses and
associated igneous phenomena".
Lyons (1957, p. 8, Fig., 5) infers igneous intrusives from isolated gravity
and magnetic anomalies on the San Marcos arch and also a predominantly
east-west line of Cretaceous volcanics at the latitude of Uvalde, Texas,
Upper Cretaceous igneous rocks are present at the base of many boreholes
on the Monroe uplift in northeastern Louisiana {(Murray, 1961, p. 116;
Fig. 31.5b). None of these areas of intrusive or extrusive igneous rocks,
whether Upper Cretaceous or Tertiary in origin, exhibits the breadth,
extent, or continuity of the Texas continental shelf gravity maximum,

Discussion of the High Density Intrusions Assoc1ated w1th
the Texas Continental Shelf Gravity Maximum’ '

Once all of the previously discussed possibilities had been considered
and ruled out as the primary cause of the Texas continental shelf gravity
maximum (TCSGM), crustal models were constructed using basement intrusions
coupled with a minimum amount of basement topography to account for the
+33 mgal free-air anomaly at M1 and the +7 mgal anomaly at M2 (Fig. 10).

To simplify the model and the later interprefation it was felt that
the intrusions for both M1 and M2 should have identical or; if that is not

possible, similar densities. The magnitude of the density contrast was
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originally considered to be quite large;.since 1f the contribution of the
continental edge effect is considered to be minimum and the very large
thickness (apparentl& greater than 15 km) of sediments in the vicinity
of the crustal section is taken into accouﬁt; then the fact that positive
free-air anomalies are observed over the continental shelf is surprising,

As can be seen from Figure 10, the density contrasts which best fit
the observed gravity were large, s,/ = 0,50, with an apparent density of
3.37 gm/cc; a density approaching that of the mantle, The width of
intrusion M1 is 11.6 km while that of M2 is 13.8 km. The apparent con-
tradiction in the relative sizes of the two intrusions may be explained
by noting that the mantle is substantially higher around M1l than around
M2 which may lead to a more complex regional gravity anomaly, as discussed
previously. This complexity of the gravity field in the area of M1 resulted
in displacing the center of intrusion M1 2.5 km farther inshore than the
location of the apparent maximum appeared to warrent. This displacement
is probably due to unresolvable low relief on the basement surface, tilting
of the intrusion, relief of M around the intrusion, or any combination of
these factors, Whatever the case, any model of anomaly M1l must include
the high density material at depth equal to or below the surface of the'-
crust.

The three faults inferred between intrusions at M1 and M2 are merely
to show a possible mechanism to account for the relief of 1.5 km within
a horizontal distance of only 29 km between the two intrusions. Conse-
quently the faulting should be considered only speculative as its inclusion
is neither confirmed or denied by the available data.

The high apparent density of the intrusions should be considered in

the context in which it was obtained, as a parameter chosen to harmonize
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best with the other unknown but assumed parameters of the complete crustal
model in Figure 10, For example; 1f the gravitational attraction of the
intrusives could be truly separated from the "noise” contributed by the
other rock layers (i:e: obtained a true residual anomaly for the intrusives)
then‘one would probably find that the density contrast necessary for the
geometry of the intrusions now inferred, would probably be less than

+0.40 gm/cc; possibly even +0;30 gm/cc: This observation is partially
confirmed since the intrusives shown in Figure 10 both have a maximum
computed anomaly of 48 mgal; the only difference being that intrusion

M2 has a broader anomaly due to its greater width, The residual anomalies
which were obtained during calculation of the half-width distances were

23 mgal for M2 and 44 mgal for M1, 1In both cases the anomaly computed

in the crustal section for the intrusives was greater than the residual

anomaly obtained by assuming a simple linear regional gravity field.

Other Features of the Crustal Section

Besides the éresence of the intrusions under the continental shelf,
other important, and possibly significant structural features are present,

Although the gravitational effect directly above it was not computed,
.the observed gradients imply that the continental crust terminates approx-
imately 90 km inshore. The Paleozoic metasediments, directly above both
the continental and oceanic crusts appear to pinch out at the present
coastline, |

The interface described by the connection of the continental and
oceanic crusts and the Paleozoic metasediments contains two significant
structural "highs"; one approximately 90 km inshore and the ofher at the

coastline. The actual existance of these highs may be suspect since

the lowest position of the metasediment-oceanic crust interface is located
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where Dorman et al. (1972) have seismic contr01; It would be a rare
coincidence that the location of the seismic control just haépened to

be at the point where the surface of the oceanic crust was lowest. Any
alteration of the surfaces in this area would significantly alter the
compﬁted gradients, Perhaps the structure is more complex than that
assumed. This may be the case: as an eﬁtension of the Freeport gravity
lmaximum is inferred to be present west of the location of the Dorman

et al; (1972) profile; The width of this intrusion (M3 on Fig; 10) is
exaggerated on the crustal section as it is actually 0.75 km wide. Extension'
of the intrusion through both the oceanic crust and the Paleozoic meta-
sediments is speculative, and it was done mainly to provide a maximum age
of the intrusions. As can be seen, it has the density of intrusions at
M1 and M2,

Slight depressions are shown to be present in the oceanic crust and
the M at distances of 160 and 184 km respectively, offshore. These were
necessary to account for the negative free-air anomaly over this region.,
Such a change amounts to no more than ten mgals at most. This area represents
an enigma, Figures 11 and 12 show that the area is characterized by a
negative regional Bouguer anomaly of -8 to 110 mgals. This value is un-
usual as oceanic areas are usually characterized by positive Bouguer
anomalies, Perhaps a better explanation than a change in shape of the
crustal surface or of M is that the negative Bouguer anomaly is due to
the massive thickness of salt which has previously been mentioned as
being present under the Texas continental slope, extending to the Sigsbee
Escarpment., It should not be incorrect to assume that this salt layer

could produce a regional Bouguer gravity low.
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ANALYSIS OF THE MAGNETIC ANOMALY SOUTHEAST OF GALVESTON, TEXAS

A description of the total intensity aeromagnetic anomaly profile
shown in Figure 13 has been given in the section on Previous Investigations.

AThe magnetic low of Figure 13 at 53 km offshore coincides with the
free~air maximum (M1l) of track Dl. This éravity maximum of 21 mgals is
shown in Figures 3 and 4: It is part of the Texas continental shelf
gravity maximum.

As has been previously mentioned, a magnetic anomaly of similar
character as that found on track D1l can be inferred to be associated with
the gravity maximum M1 of Figure 10 from the magnetic anomaly map of
Heirtzler et al; (1966, p; 521; Fig; 2). In this case the magnetic
maximum is displaced 16 km farther offshore than the gravity maximum,
Similar measurements on the magnetic énd gravity anomalies in Figure 13
show that the magﬁetic maximum is 32 km farther offshore than the gravity
maximum, This apparent difference in the width of the magnetic anomaly
between the location southeast of Galveston and the location of the
crustal section may not be real if the poor resolution of the Heirtzler
et al. (1966) data is considered.

Assuming that the magnetic and gravity anomalies are caused by
the same feature, an igneous intrusive body, a regional gradient of 0,30
gammas/km increasing toward the southeast was subtracted from thé magnetic
anomaly profile in Figure 13 to a separate anomaly which could be inter-
preted using a dike model, This residual anomaly is shown in Figure 14(a)..

Inspection 6f Figure 14(A) reveals that the minimum is to the north-
west of the maximum and the max-min positions are separated by 32 km; If

- o
it is assumed that the dike is two-dimensional, that it strikes N45 E,
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FIGURE 13

Track D1 showing the free~air gravity anomaly and total intensity
aeromagnetic anomaly. Flight elevation is 500 feet. Aeromagnetic
profile courtesy of Mr., Jack Weyand of Sidney Schafer and Associates,
Houston, Texas., Gravity anomaly M1 (shown in Fig. 7) is located

on the gravity maximum approximately 53 km offshore. Carets re-

present locations of probable salt domes.
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that it has vertical dip; that it has induced magnetization with'a positive
susceptibility cbntrast; and that it is at a magnetic latitude of 52 degrees
with normal polarity; then the observed max;min positions are those that
would be expected from the assumed model,

The possibility that reversely polarized remanent magnetization accounts
for most of the observed residual anomaly should not be discounted; Mag-
"netic profiles in the area just offshore of the gravity maximum of track
D1 as shown by Heirtzler et al. (1966, p. 522, Fig. 3) indicate low amplitude
anomalies (50-75 gammas peak to trough) with wave lengths varying from 35
to 45 km trending parallel to the Texas coast and into Louisiana., These
have been inferred by Y;nggl (1971, p. 2640) to be possible examples of
the polarity reversals that are associated with the present mid-ocean
ridges (Talwani, et al,, 1965). The profiles of Heirtzler et al., show a
change in the character of the magnetic anomalies as the anomaly associated
with the gravity maximum of track Dl is approached from the east indicating
that the source of the magnetic anomaly associated with the gravity anomaly
may be of a fundamentally different nature as compared to whatever causes
the apparent polarity reversals to the east.

Depth estimates using the Peters "slope™ method as outlined by Dobrin
{1960, pp. 312-313) on the anomaly in Figure 13 yield values to the magnetic
basement of 12.2 and 20.8 km for both sides of the anomaly with the mean
being 16.5 km, This depth must be considered in light of a magnetic depth
estimate in the same vicinity by Nettleton (1952, p. 1224, Fig. 1) of
10.6 km., Nettleton used data from an aeromagnetic survey by Balsey (1949),
In discussing the magnetic depth estimates along the Texas coastal plain,
Nettleton (p. 1223-1224) states:

"Probably the most reliable single value is the depth of 35,000 ft. (10.6 km)
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just offshore at the southeast corner of Te#as. This is based on the
air-borne magnetic survey carried out recently by the United States
Geological Survey (Balsey; 1949)":

Since the distance between Nettleton's depth estimate and the author's
is less than 30 km; an apparent contradiction appears since it is doubt-
ful that the basement surface could vary si# km in depth over a horizontal

.distance of less than 30 kml The aeromagnetic survey for Sidney Schafer
and Associates was conducted in 1963; 14 years after Balsey's work, and
this author believes that the most credance should be given to the more
recent data.

The depth of 16.5 km to the magnetic basement at a distance of approx-
imately 50 km offshore agrees with the prior assumption that the total
thickness of sediment offshore Galveston is greater than that in the
vicinity of the San Marcos area (although not by much) as implied by
Hardin (1962, p. 4). Hales e£ al. (1970, p. 2049, Fig. 8) show a depth to
the oceanic crust of 17.5 km inland, rising to 15.5 km at a distance of
35 km offshore, a depth substantially greater than that estimated by
Nettleton.

Considering the previous arguments, the computed depth to the magnetic
basement, in this case the top of the oceanic crust, at the location of
the gravity maximum of track D1l does not appear excessive.

To test the hypothesis that the magnetic anomaly could be caused by
an intrusive body in the oceanic crust, models were constructed and their
anomalies were computed using the equations for induced and remanent magne-
tization of Reford and Sumner (1964; p. 505). This method assumes a uni-
formly magnetized dike extending to an infinite depth; with horizontal top;

parallel sides, and infinite extent in the strike direction. The dike is
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assumed to strike N45°E and to haye yertical dip. Further, the width is
assumed to be 14 km (the appro*imate width of one of the intrusives in
Fig; 10) and have a depth to the top between 15 and 16.5 km (within the
range of depths as determined from the magnetic depth estimates and from
the gravity model of Fig: 10) with the inclination of the earth's field
52°, a declination of 8°W, and a total ambient magnetic field of 0.5 X 10°
gammas; If it is further assumed that no change has occured in the in-
clination of the earth's field with time, the equations for remanent and
induced magnetization become equal. As any speculation on remanent
magnetization would probably lead to further error such as assumption seems
prudent, Susceptibility contrésts of +0,002 and +0.,003 cgs units are
chosen although there is no quantitative evidence that these are correct.
However these appear to conform to suitable susceptibilities for an ultra-
mafic intrusion into a mafic rock.-

Figure 14 shows the original magnetic anomaly (A), the free-air
anomaly (F), the residual magnetic anomaly after subtracting a gradient of
0.30 gamma/km (B), the computed anomaly for ak = +0.002 cgs units at
15 km depth (C), the computed anomaly for ak = 40,003 cgs units at 16.5
km depth'(D), and the computed anomaly for sk = 40.002 cgs units at
16.5 km depth (E).

While the computed anomalies do not coincide exactly with the residual
anomaly the similarity, considering the simplicity of the models, is
striking. The best fit appears to be either C or E, implying a suscept=-
ibility contrast of +0.002 cgs units at a depth of 15 to 16.5 km. There
are two discrepancies, First, the computed anomalies do not have the
magnitude of the observed positive anomalies; secondly, the models appear

to be skewed thrée km to the west. Both discrepancies could be due to
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FIGURE 14

A portion of the aeromagnetic anomaly and free-air anomaly
shown in Figure 13. Also shown are computed magnetic anomalies
from the assumed models. Ml represents the correlation of

the Texas continental shelf gravity maximum shown in Figure 4,

7 and 13.
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remanent magnetization, relief on the surface of the body, or dip of the

dike.,

Whateyver the cause of the discrepancies, the apparent good corrxel-

ation in magnitude and position between the observed and computed anomalies

warrants the following conclusions:

(1) The top of the anomalous magnetic body lies between 15 to

16,5 km below sea level,

{2) The anomalous magnetic body can be modeled as a two~dimensional
dike,

(3) The susceptibility contrast of +0.002 cgs units is well within
the possible contrasts for mafic-ultfamafic rocks.

(4) The width of the modeled dike compares favorably with the

width of the intrusive bodies shown in the crustal section (Fig. 10).

While the resolution of available data does not necessarily justify

our concluding that the anomalous magnetic body with the characteristics

just

listed is the body responsible for the almost coincident gravity

anomaly on the crustal section of Figure 10,it seems reasonable to infer

a common origin for both bodies,
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EVIDENCE FOR HORIZONTAL OFFSETS ALONG PART OF THE TEXAS CONTINENTAL SHELF
GRAVITY MAXIMUM

While posting positions of tracks H15 and H16 on Figure 16, it became
apparent that the positions of the Texas continental shelf gravity maximum
(TCSGM) showed substantially more horizontél offset; as much as 15 km, than
one would expect for a smoothly curved feature even when the 20 km track
separation is taken into account.

Inspection of the regional gravity map (Fig. 3 or Plate II) showed
that tracks H15 and H16 are located at the position where the TCSGM appears
to make an abrupt turn toward the 100 fathom isobath. Another area of
anomalously rapid curvature of the TCSGM is found at the closed 25 mgal
contour offshore Port O'Conner, This location also corresponds to a rapid
change in the direction of the inshore portion of the TCSGM, as outlined
by the five mgal contour.

To test the hypotheses that the TCSGM could indeed show abrupt
horizontal displacement, a érocedure was designed to accentuate the true
locations of the TCSGM along the individual ship tracks. This was most
useful on tracks H16 - H19 as a large minimum anomaly (shown as the longest
red line in Fig, 5) could be correlated across the tracks and it's location
corresponded rather closely to the inferred location of the TCSGM along
these profiles, The procedure used is as follows:

(1) Profiles of the free-~air anomaly vs. distance, obtained by

use of PROFILEPLOT (Appendix 2), with horizontal scale of 4 km/cm

and vertical scale of 4 mgal/cm were studied separately and also as

a group in order to determine where the TCSGM was located along each

track, since in some cases minimum anomalies obscured it's true

position, Tracks H1 - H3, H5, and Dl were not used due to either
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"noisey" data (H5) or the TCSGM not being well defined. Txacks

H20 - H22 and DS were also deleted since the Rio Grande Delta gravity

maximum coupled with minimum anomalies (as shown in Fig; 5 and Fig; 7;

profile E) rendered a definitive choice of location doubtful,

(2) The inferred regional field (the true TCSGM) was sketched on

each profile,

(3) The position of the TCSGM was located on each profile and the

coordinates of those positions were obtained from a listing of the

1

latitude, longitude, and free-air anomaly for the individual gravity

stations along each profile by comparing the value of the actual

free-air anomaly on the plotted profile with the values in the data
listing.

(4) The positions of the maxima, including the inshore bifurcation

were located on an appropriate map with the inferred lineations

shown and possible offsets shown as faults.,

The completed map is shown in Figure 15. Although the aforementioned
procedure does involve subjectivity in the location of the maxima, -efforts
were made to minimize the subjective aspects. In any event, the only
tracks were corrections greater than a few milligals were necessary, were
H16 ~ H19, where as Figure 5 shows, a large minimum anomaly is indicated.

The lineations were determined by drawing the best fit straight line
through as many data points as possible, with the exception of the points
north of H8 where a slight bend is shown. Another fault could be drawn
between H6 and H7 although the evidence does nQt appear conclusive. Four
. offsets result from this procedure, which will be referred to as faults A
to D respectively from the northeast; The strike of the inferred faults

. o o . .
is somewhere between N50 w and N60 W, having been arbitrarily drawn as
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FIGURE 15

Location of possible horizontal offsets along the Texas cont-

inental shelf gravity maximum.

NOTE: The positions of some of the maxima were determined
after correcting for assumed minimum anomalies similar to

those shown in Figure 5,
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parallel to fault B where close control is ayailable.

The largest displacement involyes 14 km of left-lateral motion on
fault D, Fault B shows at least six km of left-~lateral movement across
both portions of the TCSGM: The most interesting fault is "A", between
H8 and H9; The apparent motion is riéht-lateral for a distance of nine
km. Lack of data north of H7 precludes extension of this fault to the

i
northwest onto the coastal plain. There does appear to be a shift in
the -10 mgal contour on the southern portion of the Freeport gravity
maximum (DD of Fig. 4) which shows a right-lateral displacement of approx-

imately 10 km., Possibly fault A could be extended to intersect the

Freeport anomaly.

Discussion of the Significance of the Inferred Faults

The TCSGM has been inferred to result mainly from high density
intrusions in the ,oceanic crust along a fracture system having a trend
closely approximating the trend of the present coastline, If this hypothesis
is even partially'correct the apparent strike-slip faults shown in Figure
15 probably formed dﬁring or after the emplacement of the intrusions.

There is little, if any, literature on observed strike-slip faulting on

the Texas coastal plain and especially on the continental shelf to support
this statement., This is not unexpected as the inferred displacements in
Figure 15 are small (less than 15 km) and the horizontal movement probably
does not extend upward into the Cretaceous and Tertiary sediments. If it
is assumed that there is ;ittle relief associated with the faulted surfaces,
then only very detailed magnetic and gravity surveys could hope to show
these relatively small horizontal offsets., This is further complicated by
the extreme depths encountered on the coastal plain and continental shelf

coupled with the presence of only two relatively distinct positive linear
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~grayity anomalies which would be likely to show offsets this sma}l. These
are the Oauchita Structural Belt maximum (AA of Fig. 4) and the Freeport
maximam (DD of‘Fig.4); To this author's knowledge; neither of these
features has been studied with the detail needed to isolate the geophysical
anomalies which would be expectéd if this hypothesis were correct.

Some thought has been given to the presence of strike-slip or wrench
faulting in the "basement" of east Texas and northern Arkansas where
Fowler (1964) discusses basement faulting and corresponding Smackover
Limestone that might be associated with petroleum structures. Some of
his conclusions are:

(1) Vertical basement faults do not produce normal fault systems

in the overlying layers that are in any sense similar to the Gulf

coastal plain grabens.

(2) Based on the result of his analysis of seismic, gravity, and

well log data from some petroleum~-producing structures of east

Texas and southern Arkansas, that the Smackover limestone and the

overlying Buckner Formation, both Upper Jurassic, show both hori-

zontal (as much as 3 km) and vertical movements.

(3) Deformation of the Louann salt, stratigraphically below the

Smackover and Buckner, by gravity tectonics, cannot account for the

apparent horizontal displacements.

(4) Using a principal stress field with azimuth of 330° results in

a conjugate set of first order faults and folds. This could explain

strike directions of dominant structural trends in the Oauchita-~

Mid-continent area of N-S, N6OOW, and N60°E,

(5) The time of movement along these strike—slip faults could have

been as early as the time of deposition of the Eagle Mills formation
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(Upper Triassic) as extensiye faulting preceded the deposition of

the Wexner formation (Upper Jurassic) which rests unconformably

upon the Eagle Mills.,
The type, time, and magnitude of faulting inferred by Fowler may be

similar to that inferred for the TCSGM and the Freeport gravity maximum.
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TECTONIC IMPLICATIONS OF THE FREEPORT AND TEXAS CONTINENTAL
SHELF 'GRAVITY MAXIMA

The great length of the Texas continental shelf gravity maximum
(TCSGM), at least 450 km and possibly as much as 600 km, suggests that it's
origin is.intimately related to the regional tectonic history of the Texas
continental margin,

Trends of the Oauchita Structural Belt (Flawn, 1961, Plate 2) indicate
that the TCSGM does not show any obvious relation to the stress system
present when the Oauchitas were formed during the Late Paleozoic. The
existance of the TCSGM prior to the formation of the Oauchita Structural
Belt is highly doubtful, considering generally accepted mechanisms of
the interaction of lithospheric plates and their relation to the formation
of folded mountain belts (Dewey and Bird, 1970).

What little specific information that exists in the literature on the
relationship of plate tectonics to the evolution of the Oauchita Structural
Belt is summarized in papers by Yangal (1971)‘and Keller and Cebull (1973),
Y&ngﬁl (p. 2641) on the basis of magnetic data published by Heirtzler et al,
(1966) , suggests that the Oauchita Structural Belt is the result of sub-
duction along a continental margin and infers that the now inactive trench
formed during such convergence could be the Gulf Coast geosyncline. Keller
and Cebull (pp. 1661-1664) suggest that the Oauchitas were formed in the
same manner as the classic Dewey and Bird (1970) model of oceanic crust
being consumed in a subduction zone adjacent to continental lithosphere
with resulting thrust faulting and emplacement of an igneous core within the
structural belt. The Oauchita gravity maximum of Figure 4 is the geo-
physical expression of this "mobile core"; The time span for this orogenic

activity is Late Ordivician through Early Permian.
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Reconstruction of the continental plates by Dietz and Holden (1970,

p. 4943; Fig; 2) show that at the end of the Perxmian, prior to the rifting
of the North Atlantic during the Late Triassic: Yucatan and Honduras occupied
the area now encompassed by the Gulf of Mexico; adjacent to the North
American plate. This reconstruction implies that the present Gulf of Mexico
has formed since the Late Permian. It élso implies that if the structural
features which comprise the TCSGM ekisted prior to the present Gulf, they
most surely would have undergone considerable alteration during the orogenic
activity. If this reconstruction is correct one would infer that the TCSGM
and the associated Freeport gravity maximum formed after the emplacement

of the Oauchita Structural Belt, possibly at a time coinciding with the

Late Triassic opening of the North Atlantic.

A model for the origin of the Gulf of Mexico by Moore and Del Castillo
(1974, pp. 612-614) suggests that during the Late Triassic a rift developed
inshore along the present Texas-Louisiana coastline and separated the
North American and Yucatan-South American-African plates along two large
transform faults extending adjacent to the present Mexico-Gulf coastline
and western Florida, The rift is implied to be an extension of that de-
veloped in the North Atlantic during the same time period. By Late Jurassic
time, they conclude, Yucatan had moved to it's present position, movement
along the transform faults had ceased, and the active spreading center
had shifted south of Yucatan to connect directly with the Mid-Atlantic
ridge., The authors do not give any evidence for the spreading center to
have moved, during rifting, toward the southeast away from the Texas-
Louisiana coastline or whether it remained stationary; at the original site
of rifting, as a single convection cell with movement only toward the

southeast.
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The high density ultramafic intrusiyes which are inferred to be the
cause of both the TCSGM and the Freeport gravity maximum appear to have
the location and length they would need to fall within the area where the
Moore and Del Castillo'model calls for an initial rift; A peridotite
composition for the intrusions would account for the high apparent densities.,
This rock type would also be compatible with the assumed magnetic sus-
ceptability of 0.002-0.003 cgs units (fig., 14),

while peridotite intrusions in the oceanic crust, having widths of
as much as 14 km and extending continuously for over 450 km appear highly
speculative, they are not without modern analogues. Vogt et al. (1971)
consider the large magnetic anomalies of several hundred gammas present in
the Tyrrenian Sea in the western Mediterranean to be due to isolated
ophiolites extruded onto the sea floor, diapirs of serpentinized peridotites
within the oceanic crust, or a combination of both. This area of the
Mediterranean is thought to be a zone of underthrusting of the African
plate belqw southern Europe. Analysis of earthquake epicenters by Caputo
et al., (1970) indicates that the stresses of the thrusting are being con-
centrated in southern Italy, possibly causing the oceanic crust of the
Tyrrenean Sea to be highly fractured (p. 4920). This may explain the
large number of individual magnetic anomalies observed by Vogt et al.
Models of some of the magnetic anomalies show that they have lengths of
up to 200 km with widths ranging between 20-150 km, Interestingly, the
models assuming peridotite diapirs are assumed to have magnetizations of
0.002 cgs units and are believed to be as much as 10 km thick, dimensions
similar to those chosen for the magnetic and gravity models of the TCSGM,
Vogt et al. (p. 3226) conclude that the emplacement of the ophiolites or

serpentinized peridotite dlapirs "... is controlled by the continental-basin
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boundary, a region of major change in cxustal structure and hence very
likely a zone of weakness",

Cochran (1973; p; 3260; Fié. 6) in a study of fracture zones in the
Guiana basin, West Equatorial Atléﬁtic infers an ultramafic intrusive;
probably serpentinized peridotite; with é density contrast of 0.30 gm/cc,
a thickness up to four km: width of as much as 60 km; and a length over
600 km to be the cause of the positive free-air anomaly associated with
the Romanche fracture zone: This density contrast: although 40% less than
that assumed for the intrusions in Figure 10, is comparable since the
0.50 gm/cc density contrast used in the crustal section is too large if
only the true residual anomaly due to the intrusive is considered. Since
the Romanche fracture zone is the surface expression of a large east-west
trending transform fault along the Mid-Atlantic ridge, the source of the
peridotite would be from the upper mantle through the fractures and then
onto the sea floor.

The TCSGM and the Freeport gravity maximum, if considered in the light
of the previously discussed investigations, could represent evidence of
ancient plate movements in the northwest Gulf of Mexico. The high density
ultramafic intrusions inferred from Figure 10 could, in fact, be peridotites
intruded along fractures formed parallel to an area of weakness, caused by
the Oauchita subduction, along the Texas-Yucatan boundary. A crustal
section across the Campeche Escarpment by Henderson (1963) shows that the
continental crust extends to the Escarpment. Matching the edge of the
continental crust along the Campeche Escarpment with the edge of the
Paleozoic metasediments shown in Figure 10 could show the general location
of this post-Qauchita orogeny zone of weakness in the crust;

Considering the regional extent of the TCSGM, it would not be overly

speculative to associate the location of the initial rift, in the late
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Triassic as envisioned by Moore and Del Castillo (1974); with the liné of
peridotite intrusions emplaced along the line of weakness marked by the
Paleozoic metasediments on the Te%as méréin and the continental crust on
the margin of the Yucatan-South America-Africa plate;_ Horizontal offsets,
shown in Figure 15, could represent transférm or transcurrent faults, now
inactive, which formed after the separation of the two plates. The magnetic
polarity reversals described by Heirtzler et al; (1966) which parallel and
appear to die out to the east of the TCSGM could have been formed during
the period of axial accretion. BAbsence of the polarity reversals is to

be expected on the eastern side of the transform fault assumed to have
been present west of Florida, The graben, inferred in Figure 10, could be
similar to the Triassic grabens present on the eastern continental margin
of North America (Murray, 1961, p. 81, Fig 3.2)

An alternative hypothesis is that the intrusions and graben system
could represent tﬂe site of a spreading center instead of marking the
boundary of plate separation. Conclusive arguments to disprove this
hypothesis rest on the location of a spreading center, active from the
Late Triassic to the Late Jurassic in the Sigsbee Deep between the Texas
continental slope and the Campeche Escarpment. A corollary to this hypo-
thesis is that the TCSGM is not caused by high density intrusions, but by
topography on the oceanic crust. The available data, as has been previously
discussed, preclude the existence of any relief on the crust havihg the
magnitude necessary to explain the observed gravity anomalies.

Both of these hypotheses differ from a model proposed by Beall (1973,
p. 113)., He concludes that a rift opened between Yucatan and the Texas
continental margin in the Precambrian, The associateq convection cells

were active throughout the Paleozoic, forming the Oauchita and Marathon
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mountains and the oceanic crust of the Gulf of Mexico. At the end of'the‘
Péleozoic; the convection cells became inactive and the Gulf region began
to subside forming regional crustal fractures: Stress rela#ation along
these fractures allowed formation of thevMesozoic_aged intrusions and
large fault systems such as the Balcones énd Mexia-Talco grabens.

The data presented in this.thesis appear to refute Beall's interpre-
tation, especially if the time of emplacement and the apparent continuity
of the TCSGM are considered. Emplacement of the intrusions during the
" active Oauchita subduction would result in deformation and fracturing of
the intrusives, similar to that described presently as occuring in the
Tyrrenian Basin, destroying the continuity that the TCSGM appears to
possess., If, on the other hand, the ultramafic material was intruded
into fractures forming during relaxation of stress, as Beall contends,
horizontal offsets, such as those shown in Figure 15 would have to be
incipient with the ultramafic material intruding exactly along the fracture
zones to form the gravity anomalies now present. It is doubtful whether
horizontal displacements as small as those shown in Figure 15 would be
preserved if intrusion did, in fact, occur by this mechanism.

Further speculation concerning the relation of the TCSGM to plate
tectonic activity in the northwest Gulf of Mexico is dependant on aquisition
of high quality magnetic data on the Texas continental shelf, particularly
in those areas shown in Figure 15, whose horizontal offsets are suggested
by the gravity data. Likewise, a detailed magnetic and gravity survey over
the southern portion of the Freeport gravity maximum is necessary to
determine if the horizontal offset inferred to extend through the feature

actually exists.
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INTERPRETATION OF GRAVITY MINIMA ON THE SOUTH TEXAS CONTINENTAL
SHELF AND UPPER CONTINENTAL SLOPE

Gravity minima; as determined from the available data in the south
Texas offshore area; may be dividéd into twé cgtééories: curvilinear
anomalies which may be correlated along the continental shelf continu-
ously for distances of over 200 km (Fig: 5) and isolated anomalies which
may or may not be correlated with topography along the upper continental
slope (Fig. 16).

The curvilinear minima on the continental shelf are easily discerned
by using only the free-air anomaly while the relief of the topography on
the continental slope is such that Bouguer anomalies are necessary for

correct interpretation.,

* Computing the Bouguer Anomalies

Simple Bouguer anomalies (no terrain correction) were computed using
the formula previously given for profiles H12-H16 and D3-D4, It was nec-
essary to obtain the water depths from another source as they were not
included with the gravity data.

Gealy (1955) compiled maps of submarine topography in the northwest
Gulf of Mexico. Part of her Plate 1 is shown in Figure 16, Her maps are
contoured at 25 fathom intervals; for convenience only contours af 50-
fathom intervals are shown in Figure 16, Accuracy of her map is stated to
be within 25 fathoms in water depths greater than 250 fathoms and within
one fathom in water less than 100 fathoms deep; This error in depth
corresponds to a maximum error (for 25 fathoms) of 2:9 mgal for a density
of 2;53 gm/cc and 1,10 mgal for a density of 1:60 gm/cc: While this error

is large for detailed petroleum exploration, it is well within the range
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FIGURE 16

Bathymetry of part of the Texas upper continental slope showing
residual Bouguer minimum anomalies along tracks H12-H16 and
D3-D4 indicated by bold carets. ILocations of diapirs determined
by seismic reflection indicated by carets and Bouguer relative

minimum anomalies shown by dots. Bathymetry from Gealy (1955).
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of the absolute accuracy of the'gfavity measurements tﬁemselves and, as
will be seen; it is satisfactory for the use intended for it here.

Inspection of Figure 16 reveals that the surface of the continental
shelf is characterlzed by smooth: éentle.éradients: This éeneralization
ends at the 100 fathom isobath where the grgdient begins to vary substan-
tially, forming linear depressions; ridges: and isolated mounts; This is
the "hummocky zone" extending from the Teﬁas continental shelf to the
Sigsbee Escarpment as described by Gealy (1955: p: 214). The topography
in this area has been attributed to be the result of diapirism, most prob-
ably salt (Ewing and Antoine; 1966, p. 498): Uchipi and Emory (1968,

p. 1191, Fig. 19) show numerous diapiric structures determined by seismic
reflection work which are located over the area of Figure 10; The scale
of their map is such that the actual locations of the diapirs with respect
to the topography cannot be shown. More easily mappable seismic results
are available from Moore and Curray (1963, p. 1726, Fig. 1), Ewing and
Antoine (1966, p. 499, Fig. 15), and Lehner (1969, p. 2434, Fig., 4) all

of which show diapiric structures in the area of Figure 16. These features
are indicated as small dots.

Examples of the bathymetric profiles are shown on tracks D3 (Fig, 12)
and H16 (Fig, 11), Track D3 crosses several minor topographic features and
a major feature at approximately 170 km offshore., The latter has a relief
of over 100 fathoms., Track H16 crosses six features which substantially
interrupt the gradient, two of them, at offshore distance of 140 and 160 km
having relief of 120 and 80 fathoms respectively along the profile;

The free-air anomalies along all the profiles are heavily influenced
by the topography, as would be expected; This cloée correspondence between

the free-air anomalies obtained from the DOD data and the bathymetry from
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Gealy's map confirms the usefulness of computing and analyzing Bouguer
anomalies.

Simple Bouguer corrections were applied to each profile using respec-
tive densities of 1.60, 1.80, 2.00, 2.17, and 2.53 gm/cc. No terrain cor-
rections were applied as computation of such a correction for the isolated
mound on track D3 produced only 1.5 mgal (for a density of 2.0 gm/cc),
which is less than the possible error due to incorrect water depths. The
spacing of the topographic highs and lows is such that depth observations
at 10 km intervals are sufficient to resolve all topographic changes along
the profiles.

Examination of the Bouguer anomalies on Figures 11 and 12 indicates that
the anomaly computed for a density of 2.53 gm/cc, the sediment density used
in the crustal section, has a strong negative correlation with the topo-
graphy. This implies that the density is too large, which is to be expected
from the previous discussions on near-surface sediment densities. The anom-
aly computed using a density of 2.17 gm/cc, which closely approximates that
of salt (2.15 gm/ccs, results in substantial negative anomalies which can
be directly associated with the bathymetry, especially on track H16.

The anomaly computed with a density of 1.60 gm/cc shows the least cor-
relation with bathymetry and therefore appears to be the correct density
for the reduction. It is possible, however,that if the correct water depths
were known with accuracies greater than 25 fathoms and t?rrain corrections
were included for them, the Bouguer reduction density would be larger. Con-
sidering the variation in water depth along the profiles and the variation
of density with depth of Gulf Coast sediments (Musgrave and Hicks, 1966,

p. 717, Fig. 13) the probable Bouguer density should be 1.95 gm/cc on the

continental shelf and should increase to 2.1 gm/cc in water depths greater
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than 800 fathoms where tracks D3 and H16 intersect. The theoretically
correct Bouguer reduction density would then vary with water depth. As
this procedure would not be practical without better bathymetric control,
a compromise density of 2.0 gm/cc was chosen as most appropriate over the
lengths of all seven ship tracks used in preparing Figure 16,

To obtain the residual anomalies along the ship tracks, the regional
Bouguer anomaly was sketched on each profile (using the 2.0 gm/cc density).
The regional Bouguer anomaly over the countinental slope was considered to
be in the form of a smooth depression (as seen in Figures 11 and 12) below
the 0.14 mgal/km gradient, while the regional anomaly over the shelf was
assumed to approximate the Texas continental shelf gravity maximum. The
residual anomalies resulting from this procedure are plotted as carets

in Figure 16,

Gravity Minima on the Southern Continental Shelf

Lehner (1969, p. 2434, Fig. 3) shows that the growth faults, both
onshore and on the continental shelf, which are arranged in belts repre-
senting the major axes of Tertiary clastic deposition are subparallel
en-echelon with the coastline. These faults are probably equivalent to
the contemporaneous faults which Bruce (1972, p. 23) considers to form
on the seaward flanks of deeply buried low density, highly-pressured
marine shale masses in the south Texas area. This marine shale is thought
to be derived from the Jackson and Vicksburg groups (Broomer, 1967; p. 126)
whose depocenters are shown in Williamson (1959, pp. 21-22, Figs. 7, 9).

He shows that the 6000 ft isopach is centered in Hidalgo and Kenedy counties
trending to the northeast along the coast for the Jackson Group while the
5000 ft isopach is centered 30 miles (48 km) inland along the Texas-Mexico

border and extending northeast along the present coastline to Galveston

Island for the Vicksburg Group.
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Mooxe and Curxay (1963) show reflection profiles on the south Texas
continental shelf with usable inférmétion down to 1:2 sec.; which corresponds
to a total depth of 4200 ft (1;28 km): assuming a sediment velocity of 7000
ft/sec: Thelr Aransas Pass profile (p: 1738, Eié. 8) which e#tends 160 km
southeast of the pass shows a set of normél faults having small displace-
ments at a distance of 77 km offshore;

This area is between tracks H13 and H14 (Fig. 5) where a minimum anomaly
of -3 to -4 mgals is indicated and is 53 km north of the minimum anomaly
of -12 mgal shown on track H16 (Fig. 11 at "MODEL"). These faults probably
correlate with the minimum at H16, Since the small displacements on these
faults (and on other faults shown on this profile) are not large enough to
account for the observed =12 mgal anomaly, a deeper source is indicated.

Assuming that the source of the minimum on track H16 is a mass of low
density, highly pressured marine shale, a model, whose location is shown in
Figure 17, was based on the seismic profiles over these same type features
published by Bruce (1972). On page 23, of this paper he describes the shale
masses as follows:

", ..these masses, commonly tens of miles in length have been observed to
range in size up to 25 miles in width and 10,000 ft vertically."

These dimensions allow use of the two-dimensional modeling techniques
previously described. Density contrasts were obtained from the graph

éf Musgrave and Hicks (1966, p. 717, Fig. 13). Bruce's seismic data

indicate that the low density shale masses may extend deeper than 20,000 ft
(6.1 km) and the high pressure surface which marks the top of the shale

mass may come within 8200 ft (2,5 km) of the water bqttom; Using this range;
the density contrasts were allowed to vary from -0.06 gm/cc at the top of the

shale mass (2.1 km depth) to ~0.25 gm/cc at 6.5 km depth., The normal density
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FIGURE 17

The red line represents the location of the minimum anomaly

shown in Figure 11(at "MODEL") and in Figure 18.
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at 6.5 km should have the value (assuming the yalidity of Musgrave and
Hicks data for this region) of 2:60 gm/cc ét this depth. Three layers
were used to model this density distribution. Thé hﬁrizontal coordinates
of the mass wexe determined by trial and'error:

The resulting gravity model is shown in Figure 18 with the actual
coordinates used in its construction given in the Datafile 3PARTLUMP of
Appendix 2. This model is in the shape of a triangle with a base 10,5 km
wide and a flattened apex. Similar shapes are shown in Bruce's seismic
examples indicating that while this may not be a unique interpretation of
the observed gravity data, it is realistic and may closely approximate
the actual structure of the shale mass. The dimensions of the actual
shale mass most probably vary along strike as evidenced by the decrease
in the magnitude of the minimum anomaly to the north of track Hlé6.

Features similar to that shown in Figure 18 may be responsible for
the other linear anomalies shown in Figure 5, as the location of the areas
of maximum deposition for the marine shales coincides with the offshore
gravity anomalies and with a zone of shale diapirs onshore (Broomer, 1967,
p. 128, Fig. 1). The continuity of the offshore minima indicated by the
lines in Figure 5 does not infer continuity of associated structural fea-

tures, which may in fact be discontinuous.

‘Gravity Minima oh the Southern Continental Slope

In stark contrast to the apparent linear anomalies on the continental
shelf, the gravity minima on the uppexr continental slope are isolated and
linear only when there are obvious topographic lineations. The magnitude
of the residual Bouguer minima present along tracks H12-H16 and D3-D4 vary
from -2 to -8 mgal. These values compare favorably with those observed

by Nettleton (1957) over a shallow salt dome in 60 fathoms of water along
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FIGURE 18

.Computed gravity model for the local anomaly shown in Figure 11

(at "MODEL"). The location is shown in Figure 17.
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the Texas-Louisiana border;

The depth of the salt undexr the upper continental slope varies con-
siderably; as in most cases the diapirs formed by the salt possess nearly
vertical sides. Nevertheless: a largé portion of the areé shown in Figure
16 is underlain by salt at very shallow depths; especially where there is
substantial topographic relief (iehner: 1969, p. 2435; Eig; 4),.

Position A on Figure 16 represents a salt diapir detailed by Lehner.
In this case the salt surface was cored at 106 m below the water bottom
(600 m total depth) (p. 2447). This position represents a small bathy-
metric prominence. Position H is a topographic mound (from 11-15 km in
diameter) having 305 m relief, Salt was cored here at a depth of 248 m below
water bottom with a total subsea depth of 1150 m (p. 2453). Residual
anomalies of -4 to ~6 mgals are associated with the west flanks of this
mound on tracks Hl14 and H15,

If seismic data were available for all gravity profiles shown in
Figure 16 the locations of all the residual gravity minima (38 in all)
would probably correspond to the locations of shallow salt diapirs similar
to those present at locations A and H. These seven tracks, however, repre-
sent gravity coverage of only a small portion of the continental slope;
more detailed coverage would probably show many more diapiric features,

As previously mentioned the regional Bouguer low associated with the
continental slope may in fact be due to the abnormal thickness of salt

present in this area.

Interestingly, the 100-fathom contour appears to mark the boundary
(in the area south of 29°N lat.) between the "shelf" diapiric shale province

and the "slope" salt province. A possible exception to this generalization
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is the lineax anomaly shown as the yellow line in Figure 5. This feature
could be a deep seated continuous salt—ridée; as it appears to extend
farther east and out of the shale province. This type of salt feature is
common on the Mexican continental slope south of 26°N lat: (Bryant, et al.;
1968); Salt ridges similar to those described by Bryant et all may even
be the cause of the gravity minima on the south Te*as shelf inferred to be

caused by shale. However, none of the ridges described by Bryant et al.

are reported to extend onto the continental shelf in this area.
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SUMMARY AND CONCLUSIONS

Before overall conclusions are stated, the geological inferences that
have been reached from a study of différent types of information will be
presented. The individual sources of information to be considered in this
light are the regional gravity map (Figs: 3 & 4): the crustal section based
on the gravity data (Fig; 10); the magnetic model (Fig. 14); and the map

showing horizontal offsets of the gravity maxima (Fig. 15).

The Gravity Map

The offshore gravity data show that the regional free-air gravity
anomalies on the Texas continental shelf are considerably more complex
than those shown on the map by Dehlinger and Jones (1965),

Considering the entire map derived in this study, five regional
gravity anomalies are present, Two of them, the Oauchita Structural Belt
maximum and the Rio Grande Delta maximum, are inferred to be due to a
core of higher density igneous intrusive and metamorphosed sedimentary
rocks for the former and temporary sediment loading of an isostatically
balanced continental margin for the latter. One of the five anomalies,
the Texas continental slope free-air minimum, is caused primarily by the
increased water depths over the continental slope and may be partially
due to the excessive thicknesses of low density salt present in the area.
The other two regional anomalies,.the Texas continental shelf free-air
maximum and the Freeport Bouguer maximum may be modeled as resulting from

high density ultramafic intrusions adjacent to the Texas coastline.

The general features shown in the crustal section are:

(1) Along the Coastal plain, in the vicinity of the crustal section,
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the continental crust terxminates approxxmately 90 km inland with the
overlying Paleozoic metasediments pinching out at the coastllne. The
basement under the continental shelf and slope is oceanic crust.

(2) The regional southeastern dip as indicated by the surface of the
Paleozoic metasediments and oceanic crust reverses at a distance of approx-
imately 50 km offshore where the depth to the oceanic crust is 16 3 km

(3) The M becomes shallow away from shore (excluding the local deep-
ening under the continental shelf) and continues an undulatory rise to the
southeast terminus of the crustal section where its depth is 22 km, This
structure is not in agreement with that shown by Dehlinger and Jones (1965,
p. 101, Fig. 2) who show the depth of the M to be at 22 km under the center
of the shelf deepening to 30 km further offshore or that by Shurbet (1969,
p. 244, Fig 1), who indicates that the M rises to a depth of 16 km at a
distance of 50 km offshore, continuing further offshore at this same depth.

(4) The hign—density intrusives associated with anomalies M1 and M2
of Figure 10 intrnde into the oceanic crust only, while the one at anomaly
M3 intrudes into both the oceanic crust and the Paleozoic metasediments,
implying that the intrusion took place during post-Paleozoic - pre-Tertiary

tine,

The Magnetic Model

Analysis of the magnetic profile southeast of Galveston, approximately
175 km northeast of the crustal section, yielded these results:

(1) The Texas continental shelf gravity maximum; at a distance of
53 km offshore is associated with g 1arge; norxmally polarized magnetic
anomaly an unusual feature considering the depth to magnetic basement in
this area.

(2) The depth to the top of the magnetic basement, considered to be
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the oceanic cxust in the area éf thg‘maénetic profile may be as much as
16.5 km,

(3) The magnetic anomaly appéars to be a two;dimensional feature;
striking in a direction similaf té thét of the éhéli gravity ma#imég

(4) The susceptibility contrast of the anomalous material is between
0.002-0,003 cgs units,

(5) Calculated widths of the assumed two-dimensional dike model
compare favorably with the widths of the intrusions determined from

gravity models along the crustal section,

‘The Horizontal Offsets of the Shelf Gravity Maxima

The reconstructed locations of both components of the Texas continental
shelf gra§ity maximum on 18 of the 27 ship tracks showed as much as 14 km
of strike-slip displacement of the gravity maxima, approximately perpen-
dicular to the present coastline, Similar faulting may be inferred for the
Freepor£ maximum, The most recent faulting activity here is inferred to

be pre-Cretaceous.

‘Conclusions

The present study, combining recently obtained high quality marine
gravity data with land gravity data available in the literature, of regional
anomalies along the margin of the Northwest Gulf of Mexico, infers the
existence of an extensive set of peridotite bodies, hitherto unreported in
the literature, intruding the oceanic crust under the continental shelf.
Previous investigators have been limited in both the quality and quantity
of data available in the literature which would have revealed the presence
of this structure at an earlier date:

Integration of the intrusive structure with a recently published model,

based on modern plate-tectonic theory, for the late Triassic origin of the
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present Gulf of Mexico produces a rational e#planation for the extent

of the gravity anomalies shown in Figure 9; the geometry of the continental

crust and the depths to the oceanic crust and to M shown in Eiéure 10;

the magnetic anomaly shown in Fiéure 14;Ithe.liﬁeér normal and reversed

polarity magnetic anomalies in the area deséribed by Heirtzler; et al;

(1966); and the horizontal offsets of the éravity maxima shown in Figure 15,
Finally, the curvilinear minima, some of which extend well over

150 km, present on the continental shelf (Fig. 5) are most probably due to

intrusions of low-density, highly pressured marine shale of late Eocene -

early Oligocene age. The isolated minima present on the upper continental

slope (Fig. 16) are probably due to extremely shallow salt diapirs, which

also produce the rugged topography of the slope.
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APPENDIX 1

Information supplied with the Department of Defense Gravity Data.
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C. FILE CONTENT PER RECORD (DESCRIBE, INCLUDING FORMATS OR PICTURES)

All words are integer except words 17 and 23, which are alpha
(field data). (See attachment for record description).

D. APPROXIMATE NUMBER OF RECORDS ON FILE

#1 - 3245 — 98U40 #2 - U3l478 - 58,852

5. FILE ARRANGEMENT (CHECK ONE) [ ] UNSORTED

Increasing latitude within each

[}asoarao {DESCRIBE)

degree of increasing longitude.

6. TERMINATING DEVICE (CHECK ALL APPLICABLE BOXES)

SINGLE REEL

MULTI-REEL

[CJeor
[x) PADDING (DESCRIBE)
(] oTHER (DESCRIBE)

The last block of data on the re
is filled with words containing
six alpha nines.

[Jeor
{1 PADDING (DESCRIBE)
[C] oTHER (DESCRIBE)

el

LEGEND: 'NUMBER OF UNIQUE ITEMS IN I/0 STATEMENT, E.G.,d, A, H (3 WD $.P., 6 WD D. P.)

2|NFORMATION READ/WRITTEN BY ONE 1/0 STATEMENT

ACIC HQ For~ 11

DEC 69




Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

Word

10
11
12

13

14
15
16
17
18
19
20
21
22

23
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CONTENTS OF A LOGICAL RECORD

Security control

Security classification

Not used

Type of elevation

Reference base station

Source

¥ Degrees of latitude

Minutes of latitude in hundredths of a minute
t Degrees of longitude

Minutes of longitude in hundredths of a minute
Secondary elevation in tenths of a meter

f Elevation in tenths of a meter

Observed gravity in hundredths of a milligal minus 976,000
milligals

t Free Air anomaly in tenths of a milligal

14

Bouguer anomaly in tenths of a milligal
Terrain correction or Isostatic anomaly code
Sequence number (24)

Logical counter

Sigma Indicator

Sigma of Free Air anomaly

Sigma of Bouguer Anomaly

Reformat Code

Reference base station wvalue (Al)
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EXPLANATION
of
TAB LIST HEADING

Security Control., Coded as follows:

Blank = Not applicable ‘

1 = Limited Dissemination, to full-time employees of Department of
Defense, Central Intelligence Agency and Atomic Energy Commission

2 = Not releasable to Foreign Nationals

3 = Limited Dissemination, not releasable to Foreign Nationals

i = Special Release from originating agency required for dissemination
to any third party

5 = Modified Handling authorized (includes Fbreign "Restricted", NATO,

CENTO, SEATO, Etc.)

Security Classification., Coded as follows:

U = Unclassified material
F = Material classified ¥OR OFFICIAL USE ONLY
C = Material classified CONFIDENTIAL

S = Material classified SECRET
Reference Base Station:

DoD Gravity Services Branch code number which will represent a general
area in which a base station is located. The last digit contains the DoD
fravity Services Code number which will represent a definite site of the
base station.

Source of Information:

A code number is provided for each publication from which gravity infor-
mation has been taken.

Latitude: Degrees, minutes and .0l minute,
Longitude: Degrees, minutes and .0l minute.,
Supplemental Elevation:

Depth of instrument, lake or ice; positive downward from surface given to
one tenth of a meter,
\

Type of Elevation., Coded as follows:

Land

Subsurface

Ocean surface

Ocean submerged

= Oczan bottom

Lake surface (above sea level)
Lake bottom (above sea level)

~N oW o -
X & 4 v ¥ %
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Lake bottom (below sea level)

Lake surface (above sea level) with lake bottom below sea level.
Lake surface (below sea level)

Lake bottom (surface below sea level)

Tce Cap (bottom below sea level)

Ice Cap (bottom above sea level)

Transfer Data Given

QW0 ™

Flevation of the Station:
The elevation is given to one tenth of a meter.
‘Observed Gravity:

The observed gravity in milligals to one hundredth milligal minus 976,000
milligals.

Free-Air Anomaly: In milligals to one tenth milligals.

EST. STD: This value is an estimation of the Standard Neviation of the
Free-Air Anomaly. .

Simple Bouguer fnomaly: In milligals to one tenth mllllgal. A mean density
: of 2.67 is used.

EST. STD: This value is an estimation of the Standard Deviation of the
Rouguer Anomaly.

Isostatic anomaly or terrain correction given in document. Coded as follows:

No isostatic anomaly or terrain correction given in document.,
Terrain correction given in document,

Isostatic anomaly given in document.

Both are given in document.

wmrHO
wonounon

Sequence Number: Gravity station number, sequence of gravity station in
source document/or page on which station is listed.

FDG"B is a logical counter for internal use only.
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GRAVITY STATION DATA
CARD FORVMAT

1 May 1968
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DoD Gravity Services Branch

o

Explanation of LoD Gravity Services Gravity Station Data Card Format

Ty

-——

Y

v

Effective 1 July 1968

Definitions snd Notation
ormulas used in Computing Free-Air and Bouguer Anomalies
Punch Card Format for Gravity Station Data

Contains a complete listing of the data fields as punched in the
Cravity Station Data machine card and a definition of all codes
for each data Tield. e

Graviiy Coding Sheet .

A graghic representation of the Gravity Station Data machine card
showing tne position of the data fields and also a listing of the
codes for each data field (same as the Punch Card Format listing

in IIT above). This sheet is used to code gravity source documents
for keypunching.

Gravity Station Lata Machine Card

ecinl printed format card used for each gravity station in filling
rzguests for punch card data. Gravity data is punched in this card
as shown in the Punch Card Format for Gravity Station Data (III
atove) and the punched fields are interpreted in the appropriate
named blocks &t the top of the card.



153

I. DEFINITIONS

1. Observed {or measured) Gravity (g) is the value of gravity at the
site of the gravity instrument referenced to a recoverable base reference
station.

2. Theoretical Gravity. The International Gravity Formula is used for
theoretical gravity (y) at sea level:

Y = 978049.00 (1 + 0.0052884 sin2¢ - 0.0000059 sin22¢) nmgals.

3. Units of Gravity. The mgal is the unit for our gravity data.

4. TFree-fir Anomaly. For many practical purposes, to reduce gravity

to sea-level, we use the normal gradient of gravity or "free-air" correction:
+0.3086h mgal; h is in meters and positive down to the geoid. The second
order terms of the elevation correction will be applied when they are

of the magnitude of 0.1 mgal or more. The free-air anomaly is derived -
fron Agf(mgal) =g + 0.3086h - v

5. ESimple Bouguer Anomaly. The simple Bouguer Anomaly is derived from
AgB(mgal) = g + 0.3086h - 0.1119h = Y

Tne term 0.1110h is obtained from the attraction of a flat and horizontal 3
plete of infinite radius, thickness h and with standard density p = 2.67cm”.

6. Stendard Deviation (Error) connotes that there is a 68% probability
that the free-air or Bouguer anomalies will fall between the indicated
+ and - value: e.g., if the free-air anomaly is 10 mgal with a + 2 mgal
error or standard deviation, then there is a 68% probability that the
value lies between 8 and 12 mgals.

T. The computations of free-air and Bouguer Anomalies with various modes
of n observation types of terrain are given in the Anomaly Computation
Chart.
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II. Formulas Used in Computing Free-Air and BouguerlAnémalies

10 SymbOIOgy . ‘ . ) p . . --»« ,'.\. ' .“‘:'_“._“,.—; »"::"

Symbol Definition
Agf Free Air Anomaly
AgB Bouguer Anomaly
¢ : - Latitude of Observation
Y ' Theoretical Gravity
g ' Observed Gravity
h ' Elevation (Col 23-29) of

surface of land, ice or
water; depth of ocean
(gositiv: Gowaward)
elevet on types 3, U4, and 5.
4+ = above SL; - = telow SL.

a . Supplementel Elevetion
(Col 31-35) = Depth of Oceen,
lake, ice or instrument
(positive cownward)

2. Theoretical Gravity Computation

Using the International Gravity Formule:

L 2 2
Y = Cl (l+Casin ¢-C351n o@)

where: C, = 978049 mgals
c, = 0-005288k
c, = 0-0000059 \

3. Anomaly Computations

See following pagés

154

S

- milligals
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b= Bouguer Correction Factér
= 2ﬂxp = 0.0&191;
p = Density Uéed in Cqﬁputations )
Substance [+ b = 2n¢p
Fresh Water 1.0 0.0hlél
[Salt Vater 1.027 0.04304
Ice 0.917 0.038L3
Land 2.67 0.1119
Lend-Tresh Water 1.67 0.06999
Lend-Salt Water 1.643 0.06886
Land and Ice 1.753 0.07347
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ANOMALY COMPUTATION CHART (p. 1)

Elev.
7 . . .
005{?;1 SITUATION FREE-AIR ANOMALY COMPUTATION BOUGUER ANOMALY COMPUTATION
1 .| LAND OBSERVATION b, = g + 0.3086h - Y Ag, = Bg, - 0.1119n
| s SL
]
h{-
2 SUBSURFACE Agf =g + 0.'.2238('12 + 0.3086(h-d2) -7 AgB = Agfl - 0.1119h
/——T—:—:f\[‘ - NOTE: d, = depth of instrument
. d '
hi+) % 22;_ d,
I SL
3 | OCEAN SURFACE bg, =g - ¥ bg, = 8g, + 0.06886h ’
SL
X% NOTE: h = depth of ocean positive
- f' downward from surface
h
~\\———~__L___,,___,——f”/bcean
i ' BOTTOM
h | OCZAN SUBMERGED %, =g - 0.22254, - ¥ bgy = 8z, + 0.06886n
SL ‘ .
NOTE: d2 = depth of inutrument HOTE: h = depth of ocean positive

|

Z

| h

— p

BOTTQ:

positive downward

downward

94T
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ANOMALY COMPUTATION CHART (p. 2)

Elev.
coy?s, SITUATION FREE-AIR ANOMALY COMPUTATION BOUGUER ANOMALY COMPUTATION
Jor = - - =
5 OCEAN BOTTOM oL bg, = g - 0.22254, - ¥ bgp = Bg, + 0.06886c1l
NOTE: d1 = depth of ocean positive
downward
dl :
'TOM
6 LAKE SURFACE (above sea g, =g+ 0.3086h - Y bgy = Agf..o.oh191dl - o.1119(h4dl)
o level)
1‘ LAKE SURFACE NOTE: dl = depth of lake positive
[ : downward
n 4 |
LAKE BOTTOM
SL
T LAKE BOTIOM (above sea 1eve15 bg, = g * 0.08382d1 +}0.3086(h-dl)—7 Agy = g, - o.oh191dl - 0.1119(h—dl)
LAKE SURFACE S
n 4 :
\\\\\h_éL_____/~,,,LAKE BOTTOM '
. SL H 'g
. = : ” = = = - ] ';. ‘c -
8 TAKE BOTTOM (below sea Bg, = § F 0.08362d, + 0.3086(h=d,)-¥ | Be; = bg, ~ 0.0W19Ih - 0.06999(h-q,]

level)
LAKE SURVACE

I
h d
_ML_“ll

SL

LAKE BOTTOM

LST



ANOMALY CO.APUTATION CHART (p. 3)

(Elev.

03{9321 SITUATION FREE-AIR ANOMALY COMPUTATION BOUGUER ANOMALY COMPUTATION
9 LAKE SURFACE (above sea level) Ag, = g + 0.3086h - vy bgy = bg, - 0.04191h - 0.06999(h—d1)
with bottom below sea level ﬁ
| %< LAKE SURFACE i
h 4
1
i SL
LAKE BOTTOM
A LAKE SURFACE (below sea Agf =g + 0.3086h - ¥ AgB = Agf - 0.111%h + 0.06999dl
level)
SL NOTE: d1 = depth of lake positive
| downward
h ,
| % LAKE SURFACE
~\\_‘_\\ng;—_’_,LAKE BOTTOM
B LAKE BOTTOM bg, =g + 0.3286h -~ 0.22h8dl -y bgy = 8g, - 0.111%h + 0.06999d1
(surface below sea level)
S NOTE: d, = depth of lake positive
I dovnward
h
B ' LAKE SURFACE
dy TAKE BOTTOM
\k____‘/
C ICE CAP g, = g + 0.3206h - ¥ gy = 83, - 0.038L3h - 0.07347(h-d,)
(vottom belov sca lavel) :
/,,f’r‘“"ﬁé““*-wvapﬁPF HOTE: 4, = depth of ice positive
h d, Ice iy dovnward
1 1 SL
Tee BOTTOMH
\\
.
LAMD

8ST



_ANOMALY COMPUTATION CHART (p. )

Elev.

yp
Col.21

SITUATION

FREE-ATR ANOMALY COMPUTATION

BOUGUER ANOMALY COMPUTATION

ICE CAP (bottom above sea level)

1 T

.4, h ICE

1

ND

SL

Agf =g + 0.3086h - Y

Ay = By - - -
&g Bp o.o38h3dl 0.1119¢(h dl)

NOTE: d1 = depth of ice

691



SOURCE NO TITLE CODED BY DATE CODED
SEQUENCE (Col. §9-72)
GRAVITY STA. NO., SEQUENCE OF STA IN
. 1976000 DOCUMENT OR PAGE ON WHICH STA 1S LISTED
2 2 _ FILE MAINTENANCE (Col. 74)
.,.é w 5 s z Ez o, x> ¢>$- v W § ? ;ggucs
2l 3 2 4 0 uy ye <2 w2 w |l w2l f 9 5|5 |[5] 2-oecere
olgw 2 E wE g “ N ws i < k] 83- i1y g <ek |3 w o tiEls 118
NS pon 2 m auw o xz 8z2| (M 3 o, 3 11zl 1hel | he
EZer 3 1 2 o Y ° . 2 el e » Wy oLl e By
. - wel, @ . = [ u wl ]S
O
00000000:0000000000-/00000000000-000000-000000-0000000-000000-000000000000000000000000000 REMARKS
12304 5 6 78 9 1011213 14 13 18 17 18 19200217223 24 25 26 27 28 28{0]1 32 35 34 353 37 39 39 40 41 a2aaled a5 a6 47 dafu 0 51 52 39 45l 5750 30 2 w1{2 2 04 08 os{oriual e 0 0 2| na el T2 e
IMRIRRRR R R R R R I R R AR R R R I R R R R LR R R IR R R I R R I IR R IR R RN R
20212012222222|2122222222]21212122222222122222(2]1222222(2122222(2)22222(21212122221212222)2{2]1222 2)2|12}212 2)2]2 2
313(313333333,313333333313(31313333333{3133333]3(333333{3(133333(3133333(3|31313333(3]13333|3(3133333(333{3133)33
G444 44044444448 4044 08 44448 4040488844484 8481444444448 0800040 04/4000 0000080 040408044804044
5/5/5/55555555565565555(55(5(5555555(5{55555/5/555555(5/55555(5(5555555[559558555555(5/555555/5{555[5(55
6i6(6 6 6666666566666606(66656666666/6/66666{6/6666685/666666(6666066(66/666866/666686/6{5/66666/6/6(66/6(66
MHTITIT.II 1111 nrannnnr v naap e naapanaagpiapa gz n oI
$:8/86888888888888088888888888883868888/8888888/88888/8888888(888888/888888/8/8888(8/8/5/88{8/88
9199/19999999599 9999999999999999999999999&9399%9}5 9999999999999999/3/9939(991999199¢
112]3:4 3 04 7.8 8 nn lzmnsunnunztéz 24 25 26 27 20 78|30(31 32 3 34 35[08] 7 30 39 40 41 420344 43 46 47 caliniso 51 52 38 54 bs'salr 50 59 60 81 52le0 wa oy 6007 ie8 @0 70 11 M2 alrai s Tl
CODES USED IN ABOVE
SECURITY CLASS (Col. 1) TYPE OF ELEVATION (Col. 21) ELEVATION OF STATION {Col. 23-29)
U- UNCLASSIFIED MATERIAL 1 - LAND NOTE: THIS FIELD WIL.L CONTAIN DEPTH
F - FOR OF FICIAL USE ONLY 2 - SUBSURFACE OF OCEAN {POSITIVE DOWNWARD) IF
C - CONFIDENTIAL 3 - OCEAN SURFACE COL 21 CONTAINS 3, 4, OR §
o Eend 1 S5 dieiieo
SECURITY CONTROL (Col. 2) 6 - LAKE SURFACE (ABOVE SEA LEVEL) SUPPLEMENTAL ELEVATION (Col 31-35)
- LIMITED DISSEMINATION, TO FULL-TIME EMPLOYEES 7 ~ LAKE BOTTOM (ABOVE SEA LEVEL) DEPTH OF INSTRUMENT, LAKE
L SE P R, A s §: Like BoTTa AR e R,
3 < LIMITED DISSEMINATION, NOT RELEASABLE TO WITH LAKE BOTTOM BELOW SEA LEVEL BOUGUER ANOMALY (Col. 50-54)
FOREIGN NATIONALS A - LAKE SURFACE {BELOW SEA LEVEL) SIMPLE BOUGUER ANGMALY WITH A MEAN
4-SPECIAL RELEASE FROM ORIGINATING AGENCY 8 - LAKE BOTTOM (SURFACE BELOW SEA LEVEL) DENSITY OF 2.67. NO TERRAIN CORRECTION
REQUIRED FOR DISSEMINATION TO A 3RD PARTY C-ICE CAP (BOTTOM BELOW SEA LEVEL)
5 - MODIFIED HANDLING AUTHORIZED INCLUDES D - ICE CAP (ROTTOM ABOVE SEA LEVEL} 1$0. OR T.C. CODE (Col. 56)
FOREIGN "RESTRICTED", NATO, CENTO, SEATO, ETC.)  E - TRANSFER DATA GIVEN INDICATES IF ISOSTATIC ANOMALY OR TERRAIN
GEOGRAPHIC UNITS (Col. 3) ELEVATION UNITS (Col. 22) 6 RO ISOSTATIC ANOM. OR T-Cr 1N DOCUMENT
BLANK OR O - DEGREES AND MINUTES TO .01 MINUTE BLANK OR 0 - ME 1 - TERRAIN CORRECTION GIVEN IN DOCUMENT
' - DEGREES, MINUTES AND SECONDS 1+ FEET 2-150STATIC ANOMALY GIVEN IN DOCUMENT
2 - DEGREES TO .0001 DEGREE 2- FATHOMS 3 - BOTH ARE GIVEN IN DOCUMENT

ACIC HQ Form

NOV 9

0-154

PREVIOUS EDITION OF THIS FORM WILL BE USED UNTIL STOCK IS EXHAUSTED

DoD GRAVITY CODING SHEET

091
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2927

2928

3078

3081

3082

—.3083.

13084

3085

3088

3112

3129

16l

SOURCE LISTING
GULF COAST CONTINENTAL SHELF

VENING MEINESZ, F. A. & WRIGHT, F, E.

The Gravity Measuring Cruise of the US Submarine S-21

Publ of the US Naval Observatory, Sec Series, Vol XIII, App 1,
Washington, 1930

NAVOCEANO
Project C-19, SS Sarda SS 488 New London, Conn - New Orleans, La
21 May - 29 May

NAVOCEANO
Project C-19, USS Sarda SS 488 Rew Orleans, La, Port Everglades,
Fla, 3-11 June 1967

Navoceano

NAVOGEANO
Gravity Data, USNS KEATHLEY, 22 Sep 68 - 9 Oct 68
Navoceano

NAVOCEANO
Gravity Data, USNS KEATHLEY, 15 Aug 68 - 27 Aug 68
Navoceano

NAVOCEANO
Gravity Data, USNS KEATHLEY, 23 Jul 68 - 9 Aug 68
Navoceano

NAVOCEANO
Gravity Data (Evaluated), USNS KEATHLEY, 15 - 22 Jul 68
Navoceano

NAVOCEANO
Gravity Data, USNS KEATHLEY, 15 Apr 68
Navoceano

10 May 68

-

NAVOCEANO
Gravity Data, USNS KEATHLEY, 15 Jun 68
Navoceano

10 Jul 68

NAVOCEANO
Gravity Data, USNS KEATHLEY, 21 May 68
Navoceano

10 Jun 68

NAVOCEANO -
Gravity Data for USNS KEATHLEY, Cruise No 3-69, Oct - Nov 68
Navoceano .

NAVOCEANO

Gravity Data in the Atlantic, USNS KEATHLEY, 18 Nov -1l Dec 1968
Navoceano



3244
3337
3338
3339
3438

3439

NAVOCEANO

162

Gravity Data in the Atlantic, USNS KEATHLEY, 18 Mar - 8 Apr 69.

Navoceano

NAVOCEANO

Gravity Data, Gulf of Mexico, USNS KEATHLEY, 4 Jan - 24 Jan 70

Navoceano

NAVOCEANO
USNS KEATHLEY Gravity Data,
Navoceano

NAVOCEANO
USNS KEATHLEY Gravity Data,
Navoceano

NAVOCEANO
USNS KEATHLEY Gravity Data,
Navoceano

NAVOCEANO
USNS KEATHLEY Gravity Data,
Navoceano

NAVOCEANO
USRS KEATHLEY Gravity Data,

West Indies, 31 Jan - 10 Feb 1970

Gulf of Mexico,

Gulf of Mexico,

Gulf of Mexico,

Gulf of Mexico,

12 - 28 Feb 1970

18 Apr - 13 May 70

17 May -« 12 Jun 70

11 Jan - 24 Jan 70
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APPENDIX 2

DESCRIPTION OF COMPUTER PROGRAMS

"Introduction

This appendix in addition to describing the computer programs used
in this thesis also has examples of input data lists and output for the
various user programs plus lists of control statements used to store and
retrieve all the data and all programs, used by the author; and stored on
a 9-track magnetic tape reel, #0362, which may be obtained from the Geology
Department Office, University of Houston,

All programs are written in FORTRAN IV as accepted by the UNIVAC
1108 EXEC.8 time share system located at the University of Houston
Computing Center. 1In the following description it is assumed that the
user has a working knowledge of FORTRAN and is also familar with the
general structure of the UNIVAC 1108 file manipulation procedures and
EXEC.8 control statements as explained in the Programmers Reference'

Manual (PRM) available at the Computing Center.

‘Explanation of File Terminology

It will be noted that liberal use is made of Programfiles, Datafiles,
and Elementfiles. These are important concepts which require a brief
explanation if one is to use an interactive system (i.e. Teletype ASR 33)
for efficient data manipulation and program execution.

Any Programfile, Datafile, or Elementfile is simply any collection
of images which may be stored on various mass-storage devices such as
drum, disc, or magnetic tape.

A Programfile is broken down into elements (i.e. a main program with

three subroutines could be listed as FILE3.MAIN, FILE3.SUBl, FILE3.SUB2,
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and FILE3;SUB3). Note the use of the "." as a separator between the file
name and the individual element names, Thé program elements exist in
storage as Symbolic elements (FORTRAN soﬁrée images), Relocatable elements
(binary output of the FORTRAN compiler): or Absolute eléménts (the final
collection of all Relocatable elements necessary for e*ecution of a main
program and its subroutines). Only Absolute elements may be e#ecuted or
run.

A Datafile is any collection of images to be used as input or output
by various Programfiles. Examples of Datafiles are GRAVITYDATA;, HOUSE.,
or FILE13, Note that there are no elements of a Datafile,

An Elementfile is usually a collection of Executive control statements
recognized by the master space "@" in column one of input is by teletype
or by a " (7-8 punch) if input is by card image. Elementfiles are used
in this thesis to add long lists of Executive control statements to the
run stream., An example of an Elementfile is TAPEWRITE.MAIN, note the
use of file name and element name and the use of the separator.

Input to Programfiles, Datafiles, or Elementfiles can be made through

card images, magnetic tape, drum, disc, or by interactive devices (ASR33).

List of all Programfiles, Datafiles, and Elementfiles

The Programfiles and their elements used are:
(1) DATACOUNTER.MAIN
(2) DATALISTER.MAIN

(3) DATAPROCESOR.MAIN
" DATAPROCESOR,GRAPH
DATAPROCESOR, SORT
DATAPROCESOR,TAPERD
DATAPROCESOR,PUNWR
DATAPROCESOR, RANGE
DATAPROCESOR.,ABSOLUTE



165

(4) PROFILEPLOT.MAIN
PROFILEPLOT .READM
PROFILEPIOT ,ABSOLUTE

(5) MAPPLOT.MAIN
MAPPLOT .READM
MAPPLOT ,ABSOLUTE

(6) GRAVITYMODEL. .COSINE

(7) APPENDIX.MAIN
APPENDIX.READM
APPENDIX,OPERATION

The Datafiles used are:

(1) ASHALEDIAPIR.

(2) 3PARTLUMP,

(3) REVISEDMODEL.

(4) FISHBB,

(5) FILEH1,

Ve

(6) FILEH2,
3
(26) FILEH22,
(27} FILED1.
i
(31) FILEDS.
The Elementfiles and elements used are:
(1) DATALISTFILE.ELEMENTS
(2) TAPEWRITE.MAIN
(3) FILERESTORE.MAIN
The Programfiles and Elementfiles PROFILEPLOT., MAPPLOT., APPENDIX.,
and DATALISTFILE., all reference Datafiles FILEHl, through FILED5, inclusive,
The Programfile GRAVITYMODEL; references Datafiles ASHALEDIAPIR;,

3PARTLUMP. ,FINALMODEL,, and FISHBB, The Elementfiles reference all
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Programfiles and Datafiles.
It is suggested that the Documentation of Elementfile FILERESTORE.

MAIN be consulted before any use 18 made of the previously mentioned files.

" "Explanation of ‘Documentation

The documentation of all Programfiles, Datafiles; and Elementfiles
should allow the user to implement them directly on the UNIVAC 1108 EXEC.8
system. All Symbolic, Relocatable, and Absolute elements of the Programfiles
are available on tape reel #U362., Consequently once these files have been
restored to the system there will be no need to recompile the Program
elements.‘ It is assumed that the user will keep all files on permanent
storage.

Unless otherwise noted all sample runs are in the batch mode (cards).
Use of the @BRKPT and @BATCH statements can alter users time (i.e. faster

”

turnaround time),

"‘Listings of Files

All Programfiles and Elementfiles are listed directly after their
respective documentation, The only Datafiles listed are REVISEDMODEL. and
3PARTLUMP.; both listings of the parameters for the gravity models shown

in Figures 10 and 18 respectively.
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DATACOUNTER

" ‘Purpose
This program allows the user to determine the density of gravity
stations within ten minute squares of latitude and longitude of all data

supplied by the DOD (Appendix L) on tape reels U3245 and U3478,

ZInput

NBLOKS (I4) - Number of blocks of data to be read from input tape
(Appendix 1l). There are ten records per block: Each record represents
one gravity measurement and contains 23 words. NBLOKS cannot exceed

5,885 for U3478 or 984 for U3245.

Output
Each square degree is broken into 36 ten minute areas and a matrix

is printed with densities within each ten minute block.

Special Instructions

The tape reel must be linked to the run by @ASG and @QUSE statements.,

* Sample Run

@RUN,A MIKE,3061GRAV,3061GRAV,2,1000
@ASG,T TAPE.,8C9,U3478

QUSE2.,TAPE.

@ASG,AX TAPESEARCH.

@XQT TAPESEARCH.ABS

5885

@FIN

‘Exglanation

This run will list the number of data points in ten minute areas fox
o) o
each degree of latitude and longitude within 26 -~ 36° N and 81 - 98o W

inclusive, for tape reel U3478,
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DATALISTER

~ Purpose
This program allows the user to obtain an unsorted general listing
of all data contained on magnetic tapes U3245 and U3478 supplied by the

DOD (Appendix 1).

InEut

Line 1: NBLOKS(I4) - Number of blocks of data to be read'from input
tape (Appendix 1). This number cannot exceed 5,885 for reel U3478 or 984
for reel U3245,

Line 2: NUMB(I2) ~ Number of lat. - long. areas to list.

Line 3 to Line NUMB + 2: G1,G2(2I3) - Degrees of latitude and long-

itude for one area. Longitude is negative.

Output
The output consists of all data listed in "contents of a logical

record" in Appendix 1.

Special Instructions

The input tape must be linked to the run by @ASG and QUSE statements.

Samgle Run

@RUN,A MIKE,3061GRAV,3061GRAV,2,2000
@ASG,T TAPE.,8C9,U3478
@ASG,AX DATALISTER.
QUSE 2.,TAPE.
@XQT DATALISTER.ABS
5885
2
028-96
028-97
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' 'Explanation
All the Marine gravity stations within 28°N lat., 96°y long. and

28°N lat., 97°W long. available through the DOD will be listed.
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DATAPROCESOR

purpese

This program along with tape reel U3478 allows the user to:
(1) Select specific areas of interest wifhin a grid of latitude and
longitude coordinates.,
(2) Sort the data within these specific areas into their original
sequential order,
{(3) Punch sorted data onto cards.

(4) Graph the data a free-air anomaly vs. distance.

"~ Input

Line 1: NI(Il) - This value is zero if no cards are to be punched,
1 - 9 otherwise.
NY(Il) - This value is zero if no graph of anomaly vs,
distance is to be produced, 1 ~ 9 otherwise,
NSETS(I2) - Number of areas to.search for data.
NBLOKS (I5) ~ Number of blocks of data to read from tape
( 5,885 for reel U3478)

Line 2: X1(F8.4) - Minimum latitude to search (repeated for each

data set).

X2(F8.4) ~ Maximum latitude to search (repeated for each
data set).

Y1 (F8.4) - Minimum longitude to search, west = negative
(repeated for each data set),

Y2(F8.4) - Maximum longitude to search; west = negative

(repeated for each data set).

Z1(I4) - Cruise number obtained from Appendix 1l (repeated
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for each data set).
Lines 3 and 4 to line (2 4 NSETS X 2): Ul,U2,03 (3A4) - An arbitrary

track number assigned to this data set (repeated for each data set),

"OutEut

The output for each set of areas may consist of:
(1) A printout of unsorted gravity stations with the 1atitude; longitude,
free-air anomaly; and cruise number for each gravity station.
(%) A printout of the sequenced gravity stations listing latitude,
longitude, free-aii anomaly; and cruise number:
(3) A line éraph of free~air anomaly vs. distance:
(4) Cards punched with each stations latitude; longitude, free-air

anomaly, cruise number, and an arbitrary track number.

Special Instructions

The tape reel must be linked to the run via @ASG and QUSE control

statements.

Sample Run

@RUN,A MIKE,3061GRAV,3061GRAV,5,1000/5000
@ASG,T TAPE.,8C9,U3478
QUSE 2.,TAPE.
@ASG,AX DATAPROCESOR.
@XQT DATAPROCESOR.ABSOLUTE

5885
7703
027.0000027.3500~97,5000-94, 00003339
TRACK H6
TRACK H6
028,0000028,6000-96,8000-94, 00003337
TRACK H8
TRACK HS8
027,0000027,3500~97,5000~94, 00003438
TRACK H9
TRACK H9
@FIN
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' Explanation
This run will use reel #U3478 and search forxr data within three areas.
Output will be an unsequenced listing, a sequenced listing, a line graph,

and punched cards for each of the three areas.
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LEyEL 4
SUSRSUTTINL PUNWR (JA,L)
Crumey DATI(COCC o4)
VIAD (3932) UL U2,U7
WRTTIZ (Ca25) ULsUZsU2
33 10 vzi,.

WRITEZ(CWZO) Vo IOATIM I} wd =10 Y8) 9Ly L20UZ
TF (JUA.EJ2.1) 5T TO 1:
WRITZUI»3CHE» (AT (M) 2d=1984)Y 1l ZsUT
12 CONTINUEZ
RETURN
22 F2RMAATULAL s/ /e 22X 3AU, //oZYt"E?-I Mat o SXp"LATITUDZ"#5X«"LONCTITUS
T 2Y% s "CRAVITY 22X e'CPLIZE NOW')

]
'
27 FIIMATI(L A vI¢Jo¢F1h-4'-3-¢y 12.0920X02AY)
:C FC"‘iA*(_‘L‘,:r:__.l' F&O vFl'_’.f"yJ)u-AlH
2 FCTMAT(ZALY
£No
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CX=l.7

XHAXZDATUIL92)

XMIMZTATIL, 3)

OC 1T L=2eM1

IFLDATUL p3) oL ToXMINIST TO 23
IF(CATELy3)eCTLXMAXICGC TO 4C

SO0 TS 1o

XMTHZIDATILSZ)

GO TC 33

YMAXZOATILYT)

CoONTINUZ

RALNCICABSUYNAXY+ABSUIXMINY

IFLRANGT WGTWC2)32 7O 2C

S8 2T KW=-8BTy&EC

IFCXMTN ST FLOATIN) ANS o XMIN LT FLCATIN+1)ICO TO
XMINZFLSATIN)

NUMEZ3

TFE(XMINeLEWCe SINUMZABSIXNIN)

G0 7C 75

SXIXAMAX~-XMIN

NUMZC

FRETURN ,
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PROFILEPLOT

Purpose

This program allows the user to construct a line plot of the free-air
anomaly vs. real distance of the sequencea ship tracks with annotations.
This is accomplished by use of an off-line ﬁenson Lehner 48 inch flat bed
plotter operated by the Electrical Engineering Department of the University
of Houston. The software necessary to write the individual plot commands
on tape is kept on permanent file at the University of Houston Computing
Center and may be easily accessed by the user; Once the plot tapes are
generated at the Computer Center they are retrieved and mounted on the
plotter tape drive by the user. An instruction manual explaining the use
of the available software for the plotter is available from the Electrical

Engineering Department,

InEut

The input data are:
KENR(I2) -~ The number of tracks to plot (should be less than seven due

to space limitation on the tape).

'Outgut

The output consists of:
(1) Plotting instructions written on the plot tape.
(2) A listing of comulative distance from the first data point of the

ship track for every data point on the track (in feet).

" “Special Instructions

The plot tape and the ship track Datafiles must be linked to the

program by use of @ASG and @USE control statements. A temporary file must
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be assigned to receive the printout.

" 'Sample Run
" "BATCH

@RUN,A MIKE,3061GRAV,3061GRAV,2,100
@ASG,LITE 4.,8C,PLOTTAPE
@ASG,AX PROFILEPLOT,

@MSG,W PLEASE RING IN PLOTTAPE
@ASG,AX FILEH1

@ASG,AX FILEH2

@ASG,AX FILED3

QUSE 21.,FILEH1.

QUSE 22.,FILEH2,

QUSE 23.,FILED3.

@ASG,T TEMPFILE.

@USE 16.,TEMPFILE,

@XQT PROFILEPLOT,ABSOLUTE

3

@DATA,L TEMPFILE.

@END

@FIN

'DEMAND

@RUN MIKE,3061GRAV,3061GRAV,10,1000
@ASG,AX FILEHL.

@ASG,AX FILEH2,

@ASG,AX FILED3.

@USE 21.,FILEH1.

QUSE 22, ,FILEH2,

@QUSE 23, ,FILED3.

@ASG,AX PROFILEPLOT.,

@ASG,T TEMPFILE.

QUSE 16.,TEMPFILE,

@ASG,LITE 4.,8C,PLOTTAPE
@MSG,W PLEASE RING IN PLOTTAPE
@XQT PROFILEPLOT.AGS

3

@FIN

" 'Explanation
Profiles Hl, H2, and D3 are plotted and the cumulative distances are
wrltten into a temporary file (TEMPFILE) which is then listed.

" 'DEMAND

Profiles Hl, H2, and D3 are plotted and the cumulative distances are



written into a temporary file (TEMPFILE,), The temporary file may be
listed at the terminal by the user or selectively read by using the

EDIT processor (see PRM).
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2 LEVEL 4

crceo C .

CC3 C PROFILEPLOT WOITTEN 8Y vIKT 3URMAMAN FALL,1273

gce c

ccC C MAPPLOT £R20UTIC A ANNATATED LINZ PLCT OF FRIZE-AIR
cco C SRAVITY V¥5e CTISTAMCE

CCO C

crce c THIS DROACRAY UTES SOFTWARE CEVELCCTED FCR USC ON THS SENSON-
ogele C LTHNER PLOTTIR L2CATEDS IM THE ZLICTRICAL ING. 2EPT.
uCe c TF THZ L. CF H.

CCa C .

ZCC c THD FLOTTINC SCFTWART IS AVATLABLT "ROM THE CLECTRICAL
NN C THGe DTPT.

ccce C

cCo C CAT I35 TAZ DATA MATRIX

cee c

coe COMON DATILZCCe3)

oCe o

oCce c A AND 2 ART MATPICICS USES TN COCRDINATI ZCNVIRSION
gce c

oce DINMINGION ALLTCCe3)92(122202)

GCC CIMINCSICH AZ(ZYs(3)

GCC C

cece C THE GTC SPECIFIES 4CC INCRIMENTS FLR INCH FCR THE PLOTTER
GGGo c

gecce CALL PLOTS{UZCasl4CCartt)

tofoly) C -

CCC C KER? IS THL NUMBEIR CF FROFILDS 7C CRAW

oo c

ceoe REACIS4ELEB)IKENR

Cao TS5 FOR4AT(I2)

ccc AMTLH::ZJC.

efalel LOTAMILE+*1.00324y

Lee rA“*H-3323.v4*AMILE

cCcc NAD=T174532325E-10

cce FICZ2zZZ.141z7227/2.

GCA DC 1232 #IKK=1+¢XENR

cce c

CG3o C RCASHM IT THE SUBRIUTINI THAT 2RCTACS IN THZ DATA FILC
cCC C

G6C3S CALL 2TAOMI(v1)

CCo C

cco D0 1C ¥=1.,M1

cece C

fefods] C M1 IS THIZ NUM3IR 2F SRAVITY STATIONS

coe c

coc c 2LAT AND SBLCN ANT THI LAT AND L2W CONVIRTZD TO RADIANS
ZicC C

ccCe SLAT=CAT(1M,2)%RAD

oCcC C

ceo SLONTAZZ(DAT{4y2))*RAD

cor C .

GCC C STATIMINTS T2 23 CoMTINYEZ  COMVIRT FROM SPHIRICAL
cCC c TO RECTANSULAR CCCRCINATES

isfole! C

CCC AUV LY ZEARTHACSINI(CICZ-CLATI*ZCS(FIC2-CELCN)

ofolel A{M2)=EATH#SIN(P IO2~CLATI«SIN(PIC2-2LCN)

CCco A(¥”s3)-EARTH*CLSUPIC2-CLAT)

acao 17 CenuTINUE

cco D0 2T Nz2M1

cco CLZCA(H LY =AL1 1)) %22,
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PO PROFALICLPLCT

C2ZCAUNIZ)=2(142))%22,
SITCAINYTYI-ALLe2) ) %2,
DUN»1¥=(C1+4C24C2)xxCeE
CUNe2IZCAT NG D)
CONTINULE
T33=IFIX{v1/3)+1

CC T2 Jz=l.iC2
NZ(J-1)x3+1

NIZ{J*E) .

THE NEIXT STATEMINT FRINTS OUT TEE \.bP"ULATIVr °
CF ZACH ChAYITY STATION FROov THE FI STATZICH
WOTTE (215,87 X (L2200 ))s IZNeN3)

FORMATOAHZ E(I4,F1Z.7))

CCIUVTO‘JHC'

ALL FOLLOWwANC CTATCMINTS AT ZIiTHZR LINI 3R AWND
CCMMANC T AND MAY BT CHANCED ZY THL USER

o{i:1)=CaC

Sl 2)1ZPATH(1+3)
XZ(O(2le1l)*#1e/2C4 Cat+Z,)
YS{20192)%.125+2C

CALL PLOT(XeY 1)

MIKE=M1-1

uC' 31 J—gi.‘:KE
(2L, )-C 3=, )

IF{2.CTsICCCL)G0 TC 24
CO0 70 o4

XZ{CUJr»1)*1e/20BCCs+2,)
YZ{O(J12)%4125+13s)

CALL FLOTUIXeY 1)

G0 TC 31

XZ{O00Jr»21)*14/728U05e+2)

YZ{O3(Je2)*%e125+10)

CALL FLCTIX21Yy2)
CONTINUL
XZH{O(Miys1)*1e/280CCe+2.)

Y:(W(‘ﬁl 2Y%e125+1C )

S6 232 IzZ1l.5

CALL 7LZ2T(X+Y22)

CALL FLCT(Z2e93.7591)

ALL AYXZS(2493675101245¢5211%59322)
(Z(0(M1ryl)*2e/2EUTCCe+2,)

CALL &XI:(XDJ--r 017'0,15':7 olt!a':o)

CALL FLCT(Z2e91ilasl)

C

)

<

(@]

3

~
}

)
r

Xl:X-Z.
CALL AXI:‘Z-th-.leIlt.l!DO)
RIAD(LIE,1Z220) ALY » 2214 D)

AN¥I(X/¢--1 J+FLCATUII-Z)+C.5
CALL CYMIOLUANX 91 e7oW ) ol eZ9Cle)
CONTINUE

20 2C2 TI:-1.11

N=-SC+(I-1)*1C

245041425 FLOAT(I-1)
CNCCCIU3227292LCCKIN

FOTMATIIZ)

L

f

~<

A

1
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CARALL SYNMICLUL1e2sYYsELOCKF 13969l )
20 202 I=1,11

W==-SC+(I-21=21C
YYZ3435+1e25*%FL2AT(L-1)
ENTCZLU3e172 310

XXX+ o2

CALL SYMSCLIXXsYYsZ9ZrelolW)

CALL 3SYMZ2UL (a730Z e *iRIC=-AI? CRAVITY IN MILLIZALSY,

CALL SYNM2CLULZEwZe Ty " WEST " sliyeZ9C0)
F17:X—.3

CALL SYMECLIFIT9Ze7 9 EACT  slselyl0)
CALL PLOTHZe932.73%s1)

CALL FLCTIX1Z47E92)

CALL NLOT(Z2413.75+1)
NUMZIFIX{O(ML1,2))/3231C

00 51 IZiaNUM
FoFLCATIIN*T221Ca/2E4TCa+2,

CALL SYMUO0L(F s Ze759'="115219¢C30)
NT=Is2C

THSC2TU3.272)HINT

FCRMAT(IZ)

E1zF-a2

CARALL ZYMUCLIZI9Z4ZEsHsZ0a24Cs)
AOXZTANX-1.5

CALL SYMSZLUAGXeZeEs? KILOMETERS
XXX=XX-245

CALL SYMIOLUXYXsleo"MIKE BURNAMANT'$12y.2:C0)
CALL SYMCOLIXXXeeT7E59'SPRINC+1STY 9311253 .)
TE(VTHKEGKENRICC TO 21

CALL HALTI(i7T)

*91T7ve21Ce)

€o TC 123

CALL HALT(393)
CONTINUE
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TRIE-ATR ANCMALY COF

THIZ SUBRCOUTINI READS IM THME CATA FILE
THC LAST STATLOM SHOULS HAVE A
2.2 TO END TDATA INTRY

THC LAS

-
-

IrAGE CF THE CATA FTLE

CCHMON DAT(1ZCC»2)

NIN=C
NINZNTIR+1

RCAJ(1Z 225V ICATINIY W) 2 d=1 e 2
TF{CATININI? )} «5Te2%43)CO TC ZE
SC TO 45

NINZINTH-1

RZTURN

FORMATIBY sFEal4yF124844FCe1)

NS

CHCULC EE THC TRACK NUM.
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MAPPLOT

" 'Purpose
This program allows the user to post the individual shiptracks and
free-air anomaly profiles on a base map. ‘The plotting technique is that

described in PROFILEPLOT,

Input
Line 1: KENR(I2) - This is the munber of Datafiles (in this case ship
tracks) to be plotted. This number should be less than seven due to tape

length limitations.

‘Output

The output consists of:
(1) Plotting instructions written directly on the tape.

(2) A printed list of the track numbers plotted.

Special Instructions

The plot tape should be assigned and the ship track Datafiles should
be assigned and linked to the run via @ASG and QUSE statements, The
Datafile QUSE statements should start at 21 and continue consecutively to
27, For a complete plot of all 27 tracks it is only necessary to execute
the program four times consecutively, relinking the new Datafiles via QUSE
statements, All scale factors of the chosen base map must be changed if
another base is used. The interior unit numbers are the same as in

PROFILEPLOT,
Sample Run-
DEMAND

@RUN MIKE,3061GRAV,3061GRAV,5,250
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@ASG,LITE TAPE.,8C,PLOT56
@MSG,W PLEASE RING IN PLOTS6
@QUSE 4.,TAPE.
@ASG,AX FILEH16.
@ASG,AX FILEHL7.
@ASG,AX FILEH1S8,
@ASG,AX FILEH19,
QUSE 21,,FILEH16,
@USE 22.,FILEHL7,
@USE 23.,FILEH1S,
QUSE 24.,FILEH19,
@ASG,AX MAPPLOT,
@XQT MAPPLOT.ABS
4
@FIN

Explanation

This run will post the gravity stations on tracks H16-H19 along with

their free~air anomalies,
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Ceg c
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MAIN 193

~

L ps

4

MAPPLOT  WRITTEN 2y MIvI ZyYRMNAMAN  FALL,1373
THIS PRCCRAVM FLCTS SHITTRACKS ANC IS SIMILAR TC FRCFILEPLCT

CAT IS THL INFUT ZATA MATRIX FCP CZACH SHIPTRAZK

DIMENSICH DAT(LZCCy2)
CoOMMON DAT

STT THO PLITTER T2 4ZC7 COUNTS/INCH

FUSGD IS A CCALE FACTCR TC STT ONI PLOTTZIR INCH
FGUAL TC CNE INCH IN THE FPRCGRAMy IT MAY VARY 2EP-
NOINCG CON THD CALIORATICM OF THE PLOTTER

MUY IS THZ NUMBER CF TRACKS TC FLCT

RCAL(Z91I2INUM
CC 1C3 K=1l.NU

€ IS THC AYGLE WHICH THE TRACK SUSTENDS FROM THET
CMTAL, [“ __UKL‘ICE' Ic pqr-rT VE

READ(5227T)ANGLE
1 IS THEZ JUMBER OF CRAVITY STATIONS

CEC.;:AN"L’*RAD
THE MNIXT TWC STATEMENTS CONVERT THE SPHERICAL COCRDINATES
TS SCTALTD MAP CCOROINATIS FOR THI FIRST GRAVITY STATION

Y {38 .+DAT(1y2))#3.33%FUSGE
S{OAT(1,1)-2Ce)+32.27+FUDCE
CALL PLCTIX»Ys 1)
LCCP 275 PLCTZ THE PCTITIONS CF THE GRAVITY STATICNT AS
AC A CANTIIUCUS LINT UNLEZSS AMY TwC ZOMSECUTIVE
STATIONS ARE SEFIZRATED 2Y MORE THAN CT.C1 LECGREECS

Do 275 L=2.71

XZ{2E «+UAT(L 9 2) )43 73xFUDCC
Y- (DAT{Ly2)-2C.)*5.27xFUSCE
SIFIZDAT(L-1¢1)=-DAT(Ly1)
CIF2=2ATIL-1+2)-DATIL +2)

:F(D:rlic?.u..LF’,QCTOr.LlLU)\s:‘ T0 111
CALL FLOTI{X»Y»2)
S0 T0 275
CALL FLCT(Y Y1)
cONTINUL

MOVE THE PEN 2ACK TO THE ORIGIN
CALL HALT(Z)

LO32 382 PLCTS THEZ MAGNITUDE OF THD GRAVITY ANOMALY
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AS A FUNCTICN CF THL CRICNTATICN CF THE TRACK 194

x:(3s.+CAT(1.2))Ea.da:rchL
YZ(DAT(1,1)-2C4)%3,274FUDGE
H:PA‘(1.4):.5_*51n(cccnz)*ru:cr+x
::uAT(‘_y.))*o 7*CAC(D:CR€)$FUDG:+Y
CALL FLUTUZ4Ce1)

:O zZ32 1—7 v1
:(San*pHA(L'Z)]*,.:S*FUDCC

2

YZUOAT(L 31 )-20 ) *3.Z7xFUICE
STOATIL ¢ 2 )% C2xSINIDEZCRE Y xFUL GO +X
CzoAT{_+Z)xaC2 *C“;(u_unC)*FU“C'+Y
CTFLZCATIL=141)-DAT(L 1)
CIF:ZDA*('--o_)-uAT(_yh)
TP (CIFLeCPeCIFCZ.CT C."lCC)GG TC Z1€
CALL PLCTU(ZsCe2)
2c TC 3ec
21T CALL PLOTU(3:,CH»1)
330 CONTINUE
THE TRACHK NUMEZIR IS5 RZACD AS THL LAST CATA IMACGE
IS PRINTED TC SICMIFY THAT THE PLITTZIR COMMANDS HAVE
HAVZ 3ZEN WRITTZIH ON TAFE
REAG(Sy121) 2 TyAD
21 FORMAT(314)
WRITZ{Ts222)YAL+AC+AD
22 FORMATILHZ2AL)
1CC CCoMNTINUE
CALL HALTI(Z)
12 FCREAT(IO)
27 FC2¥ATIF4.3)
CALL HALT(9S2) .
STCP
END
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330R LEVEL 4

CC3a C

ol c REACM T¢ IDINTICAL TC RTADM IN PPCFILEPLOT

cCC c

Ccc SUBRCUTINE PTA2HN(ININ)

Gca COMMCN CATLL13TM3)

CCC NINT

G3C 42 NIN=NIN+1L

SeC READCE 225 MCATIRNINGI I I 2)

D3SC IF(DAT(HNINGIZ)«5Te2342)G2 1O 35

CCC ZC TC 48

CCO 3T ONINENIN-1

Ccc RZTURN

c2cc 25 FOOMATI(3XeFCabsF12449F3.1)

o TN2 '
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GRAVITYMODEL

"Purggse

This program allows the user to calculate the gravitational attrac-
tion of any two~dimensional body whose cross section can be represented as
an N-sided polygon. The computed attraction of this polygon (or polygons
for a more complicated model) is then compared to the observed gravity

attraction along the line of calculation.

Method

The theoretical derivation of this procedure was first developed by
Hubbert (1948). He showed that the vertical component of the gravitational
attraction (gv) caused by a two-dimensional body could be represented as,

gv = 2 G}9‘)€ Z de
where G is the gravitational constant, /D is the density, and :§‘z de
is the line integral around the polygon at the origin. This procedure is
powerful yet cumbersome since the computation of the line integral for
anything but the‘simplest geometrical form is a difficult task. With the
advent of modern digital computers, however, it remained only necessary
to develop the general form of the analytical expression to solve the
integrals for a two-dimensional body of arbitrary shape. That logic was
developed by Talwani and others (1959, p. 50-57).

Their method consists of describing a Cartesian coordinate system for
the polygon and the points of computation which may be anywhere within the
plane. Next the vertical and horizontal attraction at a point (field point)
are described as functions of subtended angles between the field points and
the polygon vertices (body points) in a clockwise direction (described as

the line integral), the gravitational constant, aﬂd the density. The specific
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line integrals inyolyed are evaluated for the general case and seyen special
cases;

The program GRAVITYMODEL. was supplied by Manik Talwani of the Lamont
Geological Observatory; Columbia Universitf. Several modifications have

been made by this author but the method used in calculating the integrals

remains the same,

Ingut

IGRAV(I3) ~ This represents the number of observed gravity stations
(corresponding to the field points). This value is read from unit 27,
The origin is the first station.

GRAV(F5.1) ~ Observed gravity anomaly at the computation station.

M(I4) - Number of field (computation) stations.

FACTOR(F5.2) ~ Length of a graph unit of model in kilofeet; also the
station spacing and the field point (computation station) spacing.

L{I5) -~ Number of polygons to compute.

NO(I5) - Always zero.

CONS(F7.3) - Always zero.

LNO(I5) - Number of first, second, third, etc. polygons, in Sequence.,

N(I5) - Number of vertices of the polygon, plus one.

RHO(F7.3) - Density or density contrast,

X(F7.2) - Horizontal cooxdinate of polygon vertex in graph units with
respect to the origin (first computation station).

Z(F6.,3) - Vertical coordinate of polygon vertex in kms. (+ below sea level),

" Sample Input Datafiles for GRAVITYMODEL

File name FISHBB.

line 1 . IGRAV (I3) ..
line 2 GRAV (L) (F5.1)
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line 3 GRAV (2)
line (1 + IGRAV ~ 1) GRAV (IGRAV -1)
line (1 + IGRAV) GRAV (IGRAV)

File name REVISEDMODEL.

line 1 ‘ M

line 2 FACTOR
line 3 L,NO,CONS
line 4 INO,N, RHO
line 5 X,2

line 6 X,2

.line {4 + N, - 1) X,2

line (4 + Nl) X,Z

line (5 + Nl) LNO,N,RHO (note new LNO,N, and RHO)
line (5 + Nl + 1) X,2

line (5 + Ny + 2) X,2

line (5 + N, + N2 - 1) X,2

line (5 +NNl + N2) X,2

This form continues for L(number of polygons) loops.

The actual contents of Datafile REVISEDMODEL is given later in this

Appendix.

" ‘Output
For -each polygon the raw data and the attraction for each computation
station are listed., The total attraction of all polygons at each station

is listed as is the difference between the observed and computed gravity.

"Special Instructions

The Datafile containing observed gravity should be linked by @ASG
and @QUSE statements. Since it is advantageous to run this program from a
demand terminal it is necessary to assign a special print file to receive

the lengthy output., This technique is given in the Sample Run.
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@RUN MIKE,3061GRAV,3061GRAV,10,1000
@ASG,AX GRAVITYMODEL

@ASG,AX FISHBB,

@ASG,AX REVISEDMODEL. .
@QUSE 27.,FISHBB, .
Make any necessary changes in REVISEDMODEL. via EDIT
@ASG,T TEMP.

@BRKPT PRINTS/TEMP

@XQT GRAVITYMODEL.COSINE

@ADD REVISEDMODEL,

@BKRPT PRINTS

Go into EDIT and look at output

BATCH
Same as Demand except delete @BRKPT and @ADD control statements and

use cards for the REVISEDMODEL. Datafile.
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CRAVITYMODTLLCOSIND 200
SCR LTVEL 4

cre c

c3:2 c SPAVITYMICDLL

cCcC c

geca c THIS PR2CRAM CCHPUTCS THZ ATTRACTION JF A ST

e o TWO-CTNENSTICONAL S0DYS TC A €CT CF FIELD FCINTS

CcCcC C THZ MITHCO USIZL IS THAT COF MAMIK TALWANT CF SAMONT

gce C CECLCCITAL OBCCRVATORYs REVICED LY MIKZ CURNAMAN

30C CIMINCION FXUZZIC)»FZUSCrT )9 POILZUEST) oSSELZISCT)#X (502420 737)

clC SINENTION GFAVIELD)

CGo c :

CCC c REAC IMN THID NUMEES CF CCMTUTATICN(FIEZLO) FCINTS

2Co c

CcC REAC(ZT7928)ICRAY

C2C C

CCd c RTAL IN THID CZSIRVID CGRAVITY ANCMALY AT THE FIELD POINT

Y C

CGe READ(Z793S)I(CRAVITI) +IZ1vICRAV)

SCo C

CCC C RTAC IN THE NUV2ER LF FIZLD POINTS ACAIN.

(e C

CCeC 3C READ 12+M

3Co 13 FORUAT(IG)

CCC C

8Cca c NZTAC IN THIZ HORIZSNTAL CALL FACTCR IN

CCC c UNITS OF KILCFEZT/HCRITZCMTAL CORAPH UNIT

GCC c THIS NUM3IR SHOULC SE E3uAL T2 THI FLELS POINT SPACING

cec c

CoS RTAD 369 FACTCR

e S¢ FCRMATIFZ.2)

GC3 C

Ccc ¢ CCMFUTE THE HIRIZCONTAL DISTANCEZS CITWEEN THE FIELLD PCINTS

033 c

CCC CC 451 KzZla¥

CCa FX{K)= (FACTOR/Z.28)}*FLCATI{K-1)

CCc FZ{KIzC.C

gcl 451 CONTINUE

ccc PRINMT 72

cgog C

tee C PZAC IN THE NUMBER CF PCLYCCHS(L)»DISRITARD THE

cc:c C NEXT VARIAUS_ Ty AND READ IN A CONSTANT T3 2E AZ2ID TO

£cc z THE TCTAL ATTRACTION AT TACE FIELD FCOINTU(IF AFFLICAGLE)

G3C c

ced 52C NEAD Z2LoNCeCCNE

as3s ¢

ccro o ADD THI CCNSTANT (IF AFTLICATLI)

CCZcC C

cCC CC 93 KzlM

zCC 82z SSILZIX)=CCNS

cccC C

CCC c PZAD TN THZ PC_YCEON MUMIERILMA)s THC NUM2ZIR CF VIRTICES

CcC C CF THI FPCLYCCH PLUS ONZ(N)s» AND THTC DENCITY OF THE

CGC C POLYGOM(RHO ).

SCC <

3CC €C READ Z,LNJ3aNsRHO

CGGC c

acc c PRINT THE PTLYGON MUMILER.

ccl c

gcco PRINT 1C3,LNC

ccC C

Cco C RTAD IN THIZ VLRTICZS OF THLD PALYCON AS X AND
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c STTH THE ¥ VALUZS IN CRAPH UNITS AND THE 7
c VALGES IN KILOYITERS.
c

50 301 I=1.M

ROAD Z4X(T)sz(I)
c
c FRINT CUT THE RAW X ANT 2 VALUES
C
C .

PRINT 379X (I)eZ(1)
C
© CONVERT THE X VALUZS IN GRAPH U'MITS TO XTILOMSTERS.
c

XCI)=ZX(I)*xFACTOR/2.23
8C1  CONTINUE
¢
c PRINT A HEADING.
c

FRINT E2
c
c cRINT THE NUMESR CF FIZLD FOINTS, NUMBEIR OF VEGTICTS
g TNSTITY CONTEAST OF THE POLYGON.
c

PO’HT 534K 9 NoRHD

PRINT 33
C
c PRINT A HEADING.
c
PRINT 9%

C
c COMEUTE THE ATTRACTICN CF THE PCLYCGCN AT EACH FIELD
~

0O 4ZC K=1.M
c SCT THZ LINS INTEGRAL OF THZ FCLYCCN TC ZSRC.
c

cCoLz=C.C
c
C 7T THIZ 3¢CY PCINT CCUNTCR TO ONE
c

Too
c
° COMFUTE THE DISTAKCECRI) FROM THD FIELD PCINT TO
c THT 300Y POINT .
C
275 EXXXZXAI)=FX{K)

TECEZZ(IN-FZIK)

RRZIXXX#++2+ZEET# 2
c
c CHEC' TC SEE IF THT 33DY POINT IS TS THD RIGHT OR
c LEFT CF THE FICLE PCINT OR DIPECTLY UNCER TT
c AND THEM CHECK TO TCFT IF THT 200y "CINT IS ASOVE
c CR SELOW THE FISZLL FCINT IF NECESSARY.
C THTS PRCCESS DETEZRMINCS rn: SPTCTAL CASIS USED
c TC uLT anL THE ANCLZ FRCM THE FICLD PSINT
c TN THC ©30Y FOINT FaoH THE HIRIZANTAL.
c

IF (ZXXX)21Ce24CH26C
IF(Z228)Y22C02329232
THOTSZATANCZELZ ZJEYXX)-3.21415227
GO TO 3CC

[AS BN gN ]
£t
o

201
v AND
PCINT.
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230 THLTSZATANCZZEZ/72XXX)+31415°27 202
S TC 3Cdo

24C IF(ZEEL)25C»2CCH 7L

25¢C THITO=-1.3707352
6o TC 2T

2568 THITC=C.Q
€Co 70 3CC
27: IH Tu—;cu737363
o TC 7CC
233 THOTSZATANUZ ZEZ /72X XX)
~
c CHZCK T2 S22 If THIZ IS FIRST ANCLE,
~
228 IFUTI-1)22C01s 32222422010
c
c SET FTRST AMCTLS (THITA) ZJUAL 7O THOT3 AND KZIEP
c "THEZTA AS RZIFZRANCE ARCLE
C
3LLZ  ITXXZTEXXX

THZ TA THITS

C
c CHECK TO 35ZI IF FIRST ANCLE AGAIN.
r
IF (I~3)2C5,232+205
2CC =2
° .
c PETUSN TC STATEMENT 2CE (IF FIRST PCINT) AND
c 2300 NMEXT 303Y POINTe
r\

GD TC 233

STIRMING IF THZ DISTANSE F20M THD FIRCT 300Y POINT
TC THD CPREENT CNZ IT ZIRC AND
IF 20 SET THE AODOPITIOM 71O THE LINIZ INTEGRAL T3uAaAL ZEROQ
IF NCT ECQUAL ZERC THEN DETERMIND THE PFOPEIR
ANCLEZy OJEPINCLIMCT M JQUACRANTs TC usSt 7O
THTS PCRTICN CF THE LIND INTEGRAL AT <7

WOOOOOOOOO O

m
M
[

CHLCKZEYY*ZLLE-ZEL*E XXX
IF(CHZCL)Y322431Cer 32C

zitC DEL2=C,.C
C3 70 40C
J2C CMCGAZTHZ TA T}"'T:2
IFU2MZCA)32C19223243202
SIZC2 IF(CMICA- S.IQ*5,:7)3ZCv33Cq3QC
201 TF(OMICA+3.141C227)34C+932C»33C
3ZC DTHET=CMECA
C¢ 7¢ 27¢C
24C TF(2MTICA)35C2CC 300
25C CTHIT=C4L Gn+5-_ 312532
Co TC 27C '
i3 CTHZT=01Z0A-G.223213¢S2

CMTUTEZ THE ACODITION 7O THEZ LIND INTEZG?AL.

WOOOOW
(@]

~
)

AZCHECK/ (XXX -EXX Y 2«24 (207 T-Z20 )« %2)
CTIEXXX=-CXX)*DTHET
CTeS*{ZEZZ-TEZ*xALCCIRA/R)
CELZ=ZA»(34+C)
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AZC THIS PCRTZCN TC THE SuM QOF THC LINE INTLCRAL.
SCULZ=SCCOLZ+2ELY

TF THIS TS BCT THE LAST BCZY FCINT PEPCAT THE STEPS
TOR THI NIXTy IF IT IS THZ LAST 32 719
STATEMINT 3CLCE ANC COMTUTE THIZ CRAVITY.

IF(T=-N) 33CZs33C593°25

I=T+1 ‘

@3 10 3C 7

CCMIUTE TAID ATTRACTION CF THE POLYCCH AT THI PRTUIINT

FIELD PCINT AS THZ FRCOUCT CF 1Z.34(CAMMA IN UNITS
CONVEIRTID T2 £¥35)e RH2IU THE DINSITY)s AND 32CLZ
(THE LTRE INTECRAL)Y.
POILZ(K)IZ13.342FHo+SDELZ
ATD THI ATTRACTION CF THIS POLYGCHL(FOTLZ) AT
THD PRIZENT FIZLT POINT T2 THT suM CF THE
ATTRACTICN CF ALL FCLYGCNS AT THIS FCIKTe.
CSCLZtKIZZSELZ(K)+TCEL 2 UK)
PRINT THE FIELD FOINT(K)s PTLYCON NUMBER(LNG) s

AND THZ ATTRACTICN £° TRAT
PRINT 569X sLNZPPOILT(K)

START 2M THID NIXT FIZLD PJOINT.

CONTINUC
RINT 73

CHECK TC SEc IF ALL PCLYCCONS HAVI EBTZIN CCMPUTED.

IFLL-LNOIL3C 4230 +00

FRINT HLADING

-
pro}
14
b
-
(8]
Vo]

COMFUTE THE CIFFERINCC ZETWEEN THE COMFUTEC CRAVITY
AND THE CO5LRVED GRAVITY AT ZACH FIELS PCINT
PRINT IT CUT.
30 4301 K=1.M4
CIFF=zSSELZIKY-CPAVIK)
PRINT 2194 93SZLZIKYCRAV(K) 9 OIFF

CenTINUE
FORMATI(Y Mz 126)
FOHHAT(F-IQ._' e 2)
F"QHATflvrxvoF

FCRMATUIS»Z

«3)

_u:...,)

FOQWA (/779 3X s LU= e Il X e ?NT ' 9 IZ 94X 9 *RHIZ*»F3439 /)
FCOMATL /X o "L 9 Il 92X s " NOC= " IE9 22Xy "CCHNSTZ"yF8a2)
FORMAT (/935X K FX{K) FZ{X) A\"”QLY')
FORMAT(7Z20*="})

FCRVMAT(1IHL, 'Y1'9" POLYGCM MUMIEZR',IZy"Y RAW

12Xs "Iy 1Xs *HCRIZONTAL
FORMAT(1X 2702}
FCRMATOLX» " 'Yy F 2l e l9F1Te¢4 412Xy

FOTMAT(LHL, "1 NUM2LR OF

VERTICAL T ¢12Xs%!")

'!')

NUMSER OF

DPILYCON AT THC POINTU(PDELZ) .

203

SATA* s GXolX*!Y,

DINZITY'93Xe'!%,
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TriXe Tty STATZID
FORMATILX e 1" I7y 12

FOnMAT(// STATICN pPCLYCNN
1! NUM3TR NUMSECR
FOMMATITIZ»I79F21241)
FONMATIIZ)

FCRAMAT(FE 1)

FoOMATIIHL,? STATION FRoC

iZet NUM3EP ANDMALY ANDNMALY?

FORMATUITyFllaleF21lelsF120l
STCP
END

" PaLY

<
Z9F1l2e392X0"!

CRAVITYY)

CBSERVID DIFFZRINCTEZ'
)



205

APPENDIX

" 'Purpose
This program allows the user to obtain a listing of the final data

of each ship track to use as a reference,

Input
NFILES(I2) - This is the number of ship tracks to include in the

appendix, A maximum of 9 is allowed due to input file limitations.

Output

A listing of all gravity stations for each track. Each gravity
station includes the latitude, longitude, absolute gravity, free-air

anomaly, and cruise number,

Special Instructions

The input files (FILEHl., Etc.) must be assigned and linked to the
run via @ASG and Q@USE control statements. The interior unit names in the
@QUSE statements must start with 21 and be consecutive and no larger than
29 (i.e. QUSE 26, ,FILEH6.). A temporary file must be assigned to the run
and must contain only a zero in I6 format. If a complete list of all
27 ship tracks used in this thesis is necessary consult DATALISTFILE,

ELEMENTS.

" ‘Sample Run

@RUN,A MIKE,3061GRAV,3061GRAV,2,1000
@STDPAG, YES -

@ASG,T TEMP,

@ASG,AX FILEH7.

QUSE 9.,TEMP.

Enter zero in TEMP via EDIT

@ASG,AX FILEHS.

@ASG,AX FILEH9,
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@USE 21.,FILEH7,
@QUSE 22.,FILEHS.
@QUSE 23.,FILEH9,
@ASG,AX APPENDIX.

@XQT APPENDIX.OPERATION

3

QFIN
" Explanation

This run will produce a listing of the data for tracks H7, H8, and

H9. The pages within each track will be listed as well as the cumulative
number of pages for the entire appendix.

A listing of the complete Appendix (all 27 tracks) is available from

the Geology Department, University of Houston.
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3527 LEVEL 4
COMMON DAT(ZCCCs4)
MAD = 3.1417327/131.
READ(S,6S5) NPAGE
RTWIND 3

READ iCy NFILES

12 FONMAT(IZ)

00 1CC M=1, NFZILES
MFILE = 20 + 4
READ (MFILE;S?) 8
37 FONMAT (AL
CALL ?"ADV( MFILEs M1 )
READ( MFILC » 20) TQACKlvTRACKZ

kel FCRMAT( 2A86)
RMI = V1
26 = 28.
NAUs = RM1 7/ RZ28
NGUC T M1 o/ 28
RNAUD = NAUC
IF ( RGUC «CT. RNIUQ ) NQUO = NOUC + 1
CO 2C0C T = 1, NQUD
PRINT 30
33 FOOMAT  1HI»ZXe"ST0-"e3Xe 'LATITUD o4 Xy "LONSITUDE 93X "A3SOLUTE "

11Xy "FREE-ALIF " 91Xy "CRUISE " ¢1X s "TRACK Y s /o LX e "UCNCE " 42Xy

27013 MIN'.4Xy'CEG MIN 94X e "CRAVITY Y 32X e YANOMALY ' +1Xy

IYNUMEBER s/ BYy SO =) 42X o330 ") stX s 3 (=) 33Xs S0 "=} y1¥s8(v="},1Xs

S0 )e1XeE("-"))

IZ = (I - 1)y % 23 )
17 2 (I -1 )y = 23
JC 3CC N = I3, I17
ALAT = DATI(Ns1)

ALCHN = DATUINMN2)
FAANOM T JAT(Ms3)
CRUTSE = DATIN,4)

+ 1
) + 238

NIRUSZ = CRUISE

CEC = ALAT *» RAD

THSTAV = 373243e * { 1. + C.0C52324 * ( SIN(C 2CG ) #x 2, )
i - C. CECL EC # ( SIN ( 2+ * CEC )} *% 2. )

A3C °AV = THTRAV + FAANCHM
HLATC = ALAT
ANLATO = NLATD
ATM = ALAT - ANLATD
FLATMS = FLATM * %G
NLZNS = ALCN
ALCMND = MLGND
FLONM = ALCN - ALCND
FLONMZ = ACCSIFLCNM * CJ.)
PRINT 4Cs N» NLATDy» FLATMG6s» NLCONLDs FLONMGy AGCCRAV, FAANOM,
acc 1 NCRUSTs TRACKZ2

OO0 O0000O0OOOoOOOMO0OgO0O0O00 00000000 aOonnt
OO OOOMNOOONDGOAOOCUODONOOO0O0ENONDO0M3O0NNE0NENEOE oo
OO MO0 OO LUNOOEOOCDLODDOOOIONLOIODDN0NGD LD

(]
[on]

CCC 5 FORMAT (/94Xy Iy I5y MGCal09IE€y FT7e2y F211.1y FEuely ITe AG 1}
CCC 303 CONT INUE

GCcC MPACIZ = NPACE + 1

2C2 PRINT SCo» TRATKL»TRACKZy LeNAUC, NPASC

clC cC FLmMAT(/y EXy 2A€9ZXy 'y PACE T IS5, CF» S
caoc 12X+ "'y PASE'y IT»* OF APPINIIXY)

cCC 2CC COMTINLE

cog 1<cC CONTINUVE

cCC WRTITE(3+63) NFAGE

CacC £9 FORMAT(IS)

cCC END FILE 9

£au REWIND 3
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LEVEL 4

(,
by

[
(3]

FORMATIBXyFEL Uy F124sFEelsF12aeC)
END

CZa SU3RQUTING REACHMIMFILE,NIN)
CCt CouMeN DATUZLCL»4)

2CC NIN=C

CtC 42 NINZNIN+1

oCda READIMFILI e 2B (CATININGYJY 0 dZ1 v l8)
CLC TF(DATININ®IT)«3TeS5%.5)CC TC 36
CCg GO TO 438

CCC I3 NINSNTN-1

CCC RITURN

cec

24cC
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DATALISTFILE
" "Purpose
This Elementfile, when added to the runstream, will produce a listing
of all the data for the 27 ship tracks used in this thesis. The output

is described in the documentation pf APPENDIX,

Ingut

No special input is used, other than the single @ADD statement.

Output

An appendix of all the thesis data.

‘Special Instructions

All the ship track Datafiles must be catalogued, along with the
Programfile APPENDIX and the Elementfile DATALISTFILE. A single control
statement, adding DATALISTFILE.ELEMENTS, is all that is necessary for
execution,

Note: Check with the computer center before running this program to
ascertain the line-printers are set to leave a two line margine at the top
and bottom of each page and print six lines/inch; also check to make sure

that the page control command is not being suppressed.

Listing
A listing of the contents of DATALISTFILE.ELEMENTS is shown immediately

following this documentation.

" 'Sample Run-:
BATCH

@RUN,A MIKE,3061GRAV,3061GRAV, 3,100
@ASG,AX DATALISTFILE.
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@ADD DATALISTFILE.ELEMENTS
@FIN
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OATALISTETLEJELIMINTS

TOOOOO0ONDO000O00O000000Nn0000OMNO0NaOE0Na0Oaa00no

[

OO OOoOOMOOODDDUOOOOOIO0O0000a0 0000000000000 aoOnOo o
OO MDD OMNMOHOULOIEO0O0AMmMNEMOO0DaOOODOHOELO OO0

Q3OO0 Mon

OO
00
Mo

bl
]

(VR

0 LEVEL 4

cCcC SASCHAX FILZH1.

oCC SIAST»AX FTILEHZ,

Cco FASS+AY TTLIHI,

occe FASTHAX FILEHY .

cce SACCPAX FILZHKS.
JAGTHAX FTLEHG
QASSsAX FTILEZHT.
JASTyAX FILEHS.
DACZHAY FTLZHS,
dASTeAX FTLTH1S.
TASZTYAX FTLZH11,
AASTeAX FTLEHLZ2,.
BASZsAX FILEZHI1C,.
GASCeAX T ILZH1Y,.
CASCAX FILZHIS,.
SASTeAX FTLEH1S.
GASTAX FTLZH1?.
SASTyAX FTLZH2%.
GASZeAX FILZHZ1.
IASTHAX FTILCH22,.
TAST W AX FTLEZD1.

TASCYAX FILIC2,
BASZHAX FILEZDZ.
BASTyAX FILZOH.

TASZTPAX
SASC,AX

FTLZ05.

APFINDIX.

BASZ T TEMF.
BUST 3esTEMP.
”Ds1 TENMP.

c

3ECF

JUST 21 e FILEHL,.
AUST 2Z«FILEHZ.
QUSI 22«rFILEH3.
BUST 24.,FILEHG,
AUST Z25.+FILCHS.
BUST 2l ILEHG.
AUS™ 27«1 FTILCHT .
TUSE 28+ 97 ILEHS,
aUST 2Z.9FILCTHS.

XQL ACTINDIX.CPEFATICN

3
AUST 22.9FILEHIL.
gust 23.:.*L H1iZ.
WUST ZQQV:TLFH 3e
Q.U 235 - .-L Y1y,
aUSF 2'#"FTL:H1J.
AUSE Z27.9FILEH1G,
AUST 23.¢FILEZHLT .
JUSE 2S.»FILEH1S.
aX3T7 APPLINOIX.CPERATICN

3

cysS”T 21 .,FILEHL3.
auct 22.vFTL"H°C.
AUS™ 22.FILIH21.
EUSE -.L‘o 'FIL H(.._o
a‘US— ....J.,F L. D
auct ‘U-'tIL[DG.

Aust

27ott 4‘_;03.
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TAPEWRITE

Purpos
TAPEWRITE is an Elementfile which contains all the Executive control

statements necessary to transfer all files used in this thesis (as de-

scribed in Appendix 2) onto tape reel #U362,

"~ Input -

None

*Output

None

‘Special Instructions

This Elementfile is included only to show the instructions used to
store all files used in the thesis on tape for later reference. The

listing of the commands is shown immediately following this documentation,
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TAPEWRITC JMATN 215
? LEVEL 4

CCC QAST+T TATE. »8CS,UZB2R
GCO  a"ST+W RINC IN UZE2Re PLEASE
GCC 3ASTsAX TILCPCSTORZ
0T RCOPCUTS FTLORCSTORIGIAING TAPZWRESTIRE
CCC QASTsAX FILIH1.

0CC 8AST,AX [TLEH2.

COC  DASC.AX FILIH3.

e AAST e AX CTL HY o

CCC 2AST8X FTLIHS,

00C  @AS"sAX FILZHS.

CCC BASSsAX FTLIH7.

CCC GASTyAY, FTTLELHS,.

CCC TASTeAX r*L'Ho

C0T 0 @ASTAX FTLEH1N.

CCC  2ASCsAX TTLEHIL.

202 SASTeAX FTLTH1Z.

CCC  @ASI+AX FILIH13.

CC2 @ASTyAX FILEZHL1G4.

LCC @ASTsAX TTLIH15.

CSC GASTeAX FILEHIS.

COC  QASTeAX FILEH17.

CCT  3AST,AX FILTH13.

CCo @AS3eAX FTLIH13.

8570 3AST.AX FILCH2C.

CCC  QAS2+AX FTLEH21.

805  2ASCeAX FTLEH22,

CCC 2ASTeAX FTLEDI.

oc JASC,AX FTLTZD2.

CCC 2AS3eAX FILEDZ.

CCO QASC.AX FTILECH.

CCC SASTsAX FTLEDS.

S0 3COPYTM FILEH1.,TA®C.
CCC  2COPYsCM FILEMZ.,TAFE.

gCce AdCCPYs™M FILEHZ.yTAP,.
GCce @COFYslM FILEH4.sTAPE.
gZc GCO0PY» M FILIHS . TAFL.
cCC RCOPYsCM FILTHGe»TATE S
cz aCCPY»TH F*LFH7.9TAPC.

CCC DYOC. FIL[qvalsA

ZCC Y TH F;LhHaonnAP;.

CCC “YyCM FILEZEHIC.»TAFE.
GCC BPYsTM FILIH11l.,»TAPE.
ne

PYsCM FILEH12.sTAFE.
PYsCM FILIH1I4.,TAPE.
CYs ™M FILEH1S5.sTAPE,
PYsTM FILIHIG.»TAPE.
TYy™™ FILEHIT7 .9 TAPE,
M FTILEH19..TAPE.
FILEH2D«+TAPZ W
ACTOPY»OM FILEHZ1.,TAPE.
GCOPYsIM FILEHZ22.9TAPE.
ACOPY =M FILIDL 49 TAPZ.
ACOPYsCM FILEDZ2.9TAFE.
ACTOPYsTM FILED3.s»TAPE.
BCOPYsSM FILEDY.»TAFC S
ACCPY#5M FTLEDZ &» TAPC
3ASCeAX CATACTOUNTER.
CCC BCOPCUT»Z DATACJIUNTIRMAINITAPE.PLM
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PCUT+A CATACOUNTERGLMAINPTAPE.P1A

C’AX qTALI.)T‘_a

OPCUT S CATALISTIR«MAINSTAFE.P2M

SPCUT»A CATALIST
TAPT2CISCGR.
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pad

ER«MAINITAPLLP2A

FZUT+3 DQTADQJC::OQ.W"TFvTA°E.P?W

PCUT»Z CATARPDCCISON.

CRAFHsTAFE.P3C1

CUT»5 CATACRCCEISOR.SORT P TAPL.P3S2

CUT»S DATABRCCISC

NeTAFPCRE yTAPELP3SS

CUT»Z CATAPROCESORTUNWT TAP_-, 34

VATA RCCZSCRRANCE
ZUT A APROCZISCRWASS

s AX PD’EYL FLCT.
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LUT\—'TAPI—.

CUTH»S FPRCFILIPLOT-MAIN,TARZ.PYM

TCUTs 2 FPPF'L_TLVI.P:ACVoTAPE.PQSl

PJUTqA 3ooFILEIC
JAPFLCT.
S MAPPLCT.MAINSTAPE.
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~

UTv, FAFFLCT-PLA”thAP;-FSSl
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CRAV _TYMODZL 4 C3SINEs TAPELPGHM

2+ TAPC o+ PEA

"CUT S APPENDIXMAINSTAPELFTM
VUT’J,APPENDIX RHADuyTAPZ.P731

E«PT7A

CUT»S TAFEWRITE «MAINSTAFPL.L1

CUTv- DATALISTFILE.ELENE
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FILERESTORE

" "Purpose
This Elementfile restores all Programfiles, Datafiles, and Elementfiles

used in this thesis back into the operating system from tape #U362,

‘Input

None

*“Output

None

Special Instructions

Check the listing of TAPEWRITE.MAIN to ascertain that no files with
the same names as those listed are presently catalogued under the users

password,

Sample Run
BATCH

@RUN,A MIKE,3061GRAV,3061GRAV,2,100
@ASG,T TAPE.,8C9,U362

@ASG,T TEMP,

@COPY TAPE,RESTORE, TEMP,RESTORE
@ADD TEMP.RESTORE

@QFIN
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FILERESTCRT «MATIN o 218
SCOR LEVEL 4

co EASTrU FTLEHT.

CCC 3A5° FTLEN2.

cCcC 3A3,9U FTLEYZ,

CCC cAST,U FILEHY,

CcCcC DASC:“ Trzde,

L300 JASZ,U FILECHG.

gce gASS U FTILEIHT.

CCC QASTyY FTLIHZ.

e GASC U FILZIHS,

oCcs GASCHYU FILERLC.

GCC gASTyy FILZIHIZI.

CCo SAST,yU FTLEHIZ.

cce JACT U FILLH1IZ.

SCT GASTHU FILEHIY.

CCC GASC U FTILENH1E,.

CZ2¢C aASG,U FILEH1G.

CCC QAST YU FILEIH1Y

con GASTH»U FTLCLLV.

coC SAST U FILZIH1IC.

coC GAST,U FTLEIH22.

cceo QAT YU FILEHZ1.

aC3 ¢AST,U FILZH22.

CCC FAST e FILED1.

CSC dAST,U FILIDZ.

CCC 2AS3 s FTILED 3

oCo QAT U FTILZIDY,

£Lc2 GASZsU FTLEDE

coc CCOTY»C TAPZ.yFI_CTHL.

cce ITATANL FILZHI.

CCC a=ND

CGC aConYsl TAPLD . »FILIHT

GCCC a2ATA,L FTLEZH2,

gce 3INMD

220 ACCPY G TAFS .9 7I_TH3.

CCC ATATAWL FILEHZ.

cce a”ND

cce GCCPYsT TAFZe ¢ ILEHG,.

SCG ACATAL FTLCHY .

CCC ITND

ofste! JCCPYsC TAPC e FILEHG .

cCC SCATAYL STILEHS.

0CG ATNMD

ccl @CCPY»C TAFZ . sFILZHEG.

c2C ATATASL FTLTZHS.

CC¢C TND

c2C GTOPY G TAFZ.e"ILCH7 .

Col 20ATASL FILEHT.

CC3 a—ND

CCcC IC0PYsG TAFL.sFILZHS.

C3a 2TATAWL FTLEHS.

cecl ITND

CCC ICOPYC TAFE.9FILLH3,.

CCC 2OATAYL FILEHO9.

aca ITND

cce SCOPYsC TAFC . ¢FILIHIC.

3QC ADATA,L FTLEHIC,

cCC aEND

o232 GTCPY 3 TAPL.oFILLHL2,

ccc aDATAsL FILEH11.

2C3 QAEIND
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CCC 8CCFYs3 TAPE.FILIH1Z. 219
C3C  3INATA,L FTLTHLO.

coC 3TND

962 BCCPYeC TAPC . TILCHLZ.

CCC 2TATAsL FILEH1Z.

£oD 3TND

CCC  GCOPYs3 TAPT. oFILCH14.

CC BDATASL FTLIHI4.
GCS  BIND ,
S8 @COFY.Z TAPC.,FILCH1G.

CCC ACATANL FILEH1S.

cce GdtND

&Gl G@CCrYsC TAPC.»FILIHI1C,
323 ACATANL FTLZHIG.

cCC BINT

CCo DCOTY»T TAPLZS9TILEHLT.
CCTC @TATAL TILER1T

€33 QTND

cCe FCCPY»ZS TAFZ.oFILEH1G,.
ccZ 3DATALL FTLEH13.

£eo 2IND

CCa ACIPY ™ TAPZLpFILEHIC,.
Cce SOATAL FTILIH1C.

]
(@}

@aTND

CCCPYs5 *AFuoy FILTHZC.
Q;’)ATA'L FTL auo

RO

GCCPY s TAPCL.s I El21.
ITATASL FILEHZ1.

ATNT

aCOrYsE TAPE.sFILZHZZ.
ADATANL FTLEHZ22,.

2TND

ICOPY S TAPZ«9yFfI ED1.

ACATASL FTLED1.

Soo Q@"ND

cc2Z AaCOPYel TAPE.FILFC2.

bR I T 2 e T o O o T G N i T I o0 T O B )

TGO 00o
IO OO0

ccd 22ATAsL FTLED2.
CCC ZIND
’\A.OY! ’ lAFuo)- IL:SS.
GTATASL TILZDZ.
AdIND
CCCRYsl TAPE.oFILEDYG.
JCATASL FILEDY.
N2
CPYsT TAPL .y FILEDS.
ATA»L FILEDS.

S32U CATACCUNTER.

SCrU OATALISTER.,

SZLU DATAPRCTESCR.

SCyU PRIFTLEPLOT.

STsU MAPFLCT.

GRAVITYYODEIL.

YU APFENDI

Colb TAPEWRITE.

REVISEDMOCEIL .

STl SPARTLUMRP .

"INC TAPE.PIM

IPINS TAPE.PIMs SATACIUNTERLMATIY
IMZ TAFE.F1lA

OFIMP»A TAFC.PLAYDATACOUNTER « MAIN
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AFRT CATACCUNTIR.MAIN

G@TINS TAPE.?2M

GCCPTNeS TAPL.P2MsCATALISTERMAIN

IFIND TAPE.P2A

ACTOFINSA TAPE.P2A+DATALISTEPLMAIN
PRT LATALTSTINWMAIY

DFINC TAFCE,P3IM

GCOPINIS TAPZ.P3IMs DATAPROCISCRWMAIN

[

RT MAPFL_OT.RIADM

e TA"boPE"

CODINYS TAPEWP5My CRAVITYMODILLCOSING
I~g *ATZ.PEA

1J""Jﬁ

\()

2FINC TAFZ.P3S1

COFINGS TAPI.P3519DATAPRCCCSORW3RACH
8°INC TAFZ.F3S2

GCOPINSS TAPI.P3S2,0ATAPRICESCRSIRT
BEING TAFZ.PISE

GCCPIMNYC TAPC.P35I,CATAPRGCECCRCTATERD
8TIND TAPZ.0ZSH

SCCPINGS TAFZ.P355+0ATAPRICESOR SPUNUP
BTIMD TAPELP3SS

QC2FINGS TAPC.PISCyOATAPROCISCILRANGE
STINC TATZILFZA

SCOPTNA TAPC.P3AsCATAPRSCISORLAZSCLUTE
GPRT CATAPRCCEISCR.MAIN

ZPRT JATAPRICEZORGRAPH

@FRT CATAPRCCESCRSSCPT

37RT DATAPROCEZOR.TAPERD

@PRT DATAPSCCESCRePUNHR

APRT DATAPROCESOR.RANGE

@FIMD TAPL.Pu4M

GCIPINYS TAPC44»PRIFILIPLOTLMAIN
3TINC TAFPZ.P4S1

ACCFINYS TAPE.P4SL1sPROFILEPLOTWRIADN
8TINC TAPELPUA

GCOPINIA TAPE.PUA,PRIFILEPLOTLASSOLUTE
AFRT PROFILIFLOT.MAIN

GPRT PROFILEPLOT.RIADM

ATIMC TAFE.PEM

3C2PINYS TAPC.P5MyMAPPLOT.MAIN

27INS TACE.PESI

GCOPINIS TAPT.P53SLeMAPPLOTLRIADY
GTIND TAPC.FEA

GCOPINGA TAPC.OS5A MAPPLAT.ABSCLUTE
EFRT MAPFLCT.MAIN

i

er

&

SCOPIMyA TAPE.PGAsCRAVITYMIDIL.CCSING
GFRT CRAVITYMCDEL.CCSINE

STIND TAPZ.o7Y

2CCETRIT TAPELPTHAPFENDIXJMAIN

SFIND TAPE.PTS1

@CCTIMYS TAFELFTSI APPINCIX.READM
aTINS TAPE.PTA

SCOFPTMyA TAPE.PTAZAPPENCIX.OFERATION
APRT APPINDIXLHMAIN

APRT APPINITX.REACM

ACOPINS TAPELZL1,TA2ZWRITELMAIN

8FRT TAPIWRITE.MAIN

@TAPTNC TAPZ.CLeTAPCWRITELMAIN

A3PRT TAPEWRTITE.MAIN

3COPIN,S TAPC.E24DATALISTFILZLILEMENTS
G&FRT DATALISTFILELLLOMENTS

BCOPY»G TAPT s TPARTLUMP »

220



-, e T ey~ v o oe L I I W AR

¢cc ITATASL ITATTLUNT. 221
cac dTND

CCe €CCmY»l TAPI.iEV
233 ATATA,L RIVICCOUC
Coc 3TND

C3G GREZWINDS TAPCZ.

(&)
m

CRES -~ IN CCNTRCL MO
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REYVISEDMODEL

This Datafile contains the parameters used by GRAVITYMODEL to

compute the gravitational attraction of the crustal section of Figure 10,
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TAsL REVISIOIMGDCL. 223

4 PRYCESTOR LTVEL 4
Sl cc7c
sC2 15.03
fod ot CCC1ZCCCCCCICC,.
1CCY COCC1L0Z23 C.C1
CCS —L.[CLQ."
yZ’CS Cell15.3
o7 -7.{CZC.C
13C8 -9.0021.1
'0r9 -4z0.CCo1.7
1210 ~450.CC
Repipd -55.LC .
1212 -640C12.
T3 -2.0C14 .84
014 CCZO2CCI52 ~Ce24
715 19.0C LLCZ
116 C.LC C.1832
ic1s 42.CC Ca475
ltlﬁ 43,0LC 0,588
229 44,00 C.T74C
ic2z 4%5,CC C.73C
122 45.LC C.52C
ok 47.CC C.S520
=2 43.C0 1.C4C
;025 49.CC 1.1CC
026 30.00 1.2CC
c27 51.CC 1.256
02 £2.CC 1.256
220 544CC 1293
P31 EE.LC 1.28
<32 56+CC 1le34
c32 57.CC 1.2
Easq S8.CC 1.43
£35 45C.CC 35
ﬁazs 450.LC14.7
tz7 59.0C14,1
2323 43.CC14.0C
229 29.0C14.2
2240 28.5C14.1C
oy 2 37.0014.2C
[:uz 26.C01%.28
2 35 .5C14.27

35.CC248.27
Ih JCC14.77
33.2 14,3
S4.CC15.0

e  r an o

feo

S 4
<+

Y3 ) )¢
£~
m

£ =
-~

Ecqe 22.,0015.4
rtya 21.C0016.3
JEEL 30.5C16,.2
[T51 29.0C16,.2
Ecsz 28.C016.1
£c3 27.2515.7
1054 274231547
ey 25.0025.4
1856 2440215,
57 2Z.6015.1
1153 21.C01443 ‘
759 19.0C12.7
1263 15.C01141
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£1.0C 1.28 225

38.CC8 1.2C
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1 45C.LC  .CC
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E:ul- I4.2C028.77
142 35.0C14.27
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745 27.0025.3
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3PARTLUMP

This Datafile contains the parameters used by GRAVITYMODEL to

compute the gravitational attraction of the model shown in Figure 18,
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