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Abstract-In Leon County, Texas, USA, the Marquez Dome, an approximately circular 1.2 km diameter 
zone of disturbed Cretaceous rocks surrounded by shallow dipping Tertiary sediments, has been 
interpreted by Gibson and Sharpton (1 989) and Sharpton and Gibson (1 990) as the surface expression 
of a buried complex impact crater. New gravity and magnetic anomaly data collected over the Marquez 
Dome have been combined with well-log and seismic reflection information to develop a better estimate 
of the overall geometry of the structure. A three-dimensional model constructed to a depth of 2000 m 
from all available information indicates a complex crater 13 km in diameter with an uplift in the 
center of at least 1 120 m. The zone of deformation associated with the cratering event is limited to a 
depth of 4 7 2 0  m. No impact breccias were recovered in drilling at two locations, 1.1 and 2 km from 
the center of the structure, and the central uplift may be the only prominent remnant of this impact 
into unconsolidated, water-rich sediments. The magnetic anomaly field shows no correlation with 
the location and extent of the structure. 

INTRODUCTION 

The Marquez Dome, located in Leon County, Texas, USA 
(Fig. l), is marked by the roughly circular, 1.2 km diameter, outcrop 
of Upper Cretaceous rocks in an area of Upper Palaeocene Calvert 
Bluff sandstone of the Wilcox Group. This localized uplift 
was originally interpreted as the surface expression of a salt 
dome (Reiter, 1930). Gibson and Sharpton (1989), Gibson 
(1 990), and Sharpton and Gibson ( 1990) re-interpreted the 
structure as a buried complex impact crater 16 km in diameter 
with a central uplift. Their work was based on subsurface data 
from a number ofwells, drilled on or near the Dome, that failed 
to indicate salt above 5000 m below sea level, the regional 
level for the Jurassic Louann salt. Gibson (1990) examined 
160 km of seismic reflection data and a regional gravity survey 
showing a positive 2.5 mGal circular Bouguer anomaly over 
the central uplift. The seismic reflection data showed 
continl ,ous flat-lying reflectors at depth beneath the structure. 
Rocks collected from the central zone show shatter cones and 
planar deformation features in quartz (Sharpton and Gibson, 
1990). The disturbance appears to have occurred in the Upper 
Calvert Bluff Formation and Sharpton and Gibson estimated 
the age of the structure at 58 Ma. Subsequent apatite fission 
track dating (McHone and Sorkhabi, 1994) on samples of the 
central uplift yielded an age of 58.3 & 3.1 Ma. 

We have attempted to determine the subsurface geometry 
of the structure using petroleum industry well logs to locate 
major lithologic interfaces at depth, and the results of a new 
gravity survey over the central uplift, coupled to the existing 
regional survey. A magnetic survey (Wong, 1994) over the 
buried crater and central uplift yielded no trends consistent 
with the location and extent of the crater. 

Lying in the East Texas Basin, the Marquez Dome 
represented a potential exploration target and there are 
producing gas wells in the immediate area. Consequently there 
are a wealth of well logs and seismic reflection data in this 
region: these show very little structure in the rocks adjacent to 
the Dome, with the major horizons nearly planar and dipping 
to the southeast at -1". The structure formed in nearshore, 
flat-lying, unconsolidated sedimentary strata and surface 
deformation is only observed in the sparse outcrops within the 
central uplift. 

SEISMIC REFLECTION DATA 

Gibson (1990) discussed data from 160 km of two- 
dimensional seismic reflection data in 13 lines acquired by 
Chevron Production Company in the area of the Marquez 
structure. Acquisition parameters were set to optimize 
information from depths well below the structure. However 
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FIG. 1. Location of the Marquez Dome in Leon County, East Texas, USA. The central uplift is marked as the small shaded circle with the 
larger circle approximating the crater rim diameter. The dashed line oriented south to north through the central uplift marks the location of the 
seismic section shown in Fig. 2. Large brackets denote the areas seen in Figs. 4 , 6  and 8 while small brackets denote the area of Fig. 9. The 
solid circles represent the locations of the shallow wells. Adapted from Buchanan et al. (1998). 
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there are reflectors in the shallower subsurface that can be 
adequately imaged. A good example is the strong reflector 
corresponding to the top of the Buda limestone (Fig. 2). This 
reflector is continuous throughout this area, shows no 
deformation effects, and serves to define the lower limit of the 
extent of deformation associated with the formation of the 
Marquez Dome. 

Buthman (2000) reported on 285 km2 of three-dimensional 
seismic reflection data over the Marquez Dome that showed a 
1 km2 area where seismic reflectors are disrupted, flanked by 
coherent away-dipping reflectors. Buthman places the base of 
this incoherent zone at 1.3 s two-way travel time which 
corresponds to the top of the Buda limestone as reported by 
Gibson ( 1  990). 

GEOPHYSICAL WELL LOGS 

Extensive exploration drilling in and around the Marquez 
area has resulted in 11 1 wells within an area of 640 km2. 
Twenty-nine of these wells lie within a 16 km diameter area 
centered on the structure (using Gibson's 1990 estimate of the 
extent of the crater). Geophysical well logs from most of these 

sites were used to locate, in the subsurface, the geologic formations 
that have readily recognizable responses. These characteristic 
responses could be correlated to form a three-dimensional 
representation of the distribution at depth of the major 
formations involved in the Marquez structure. In practice, six 
stratigraphic horizons that could be recognized on spontaneous 
potential and electrical resistivity logs (Fig. 3) were selected 
and correlated. A total of 254 depth control points were located 
on these six horizons. The use of well logs in this manner is 
limited because of the practice of selective logging, where no 
logs are acquired at depths deemed to be of little interest for 
exploration. In addition it is not always possible to determine 
the position of critical horizons because of the effects of facies 
changes, of large changes in porosity and/or permeability, or 
of deformation associated with the structure. A majority of 
the control points utilized were derived from electric logs. For 
some of the older wells we used published depths to formation 
tops (Reiter, 1930; Stenzel, 1938; Ayers and Lewis, 1985) 
which were determined from coring or from logging drill 
cuttings. 

Subsurface data were correlated to the limited outcrop data. 
Reiter (1930) had assigned chalk over the central uplift to the 
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FIG. 2. Seismic section oriented south to north across the Marquez structure (see Fig. 1 for location) with an interpretation ofthe substructure. 
The region containing no continuous reflectors extends down almost to the seismic horizon at 1.2 s two-way travel time that represents the top 
of the Buda limestone. 
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FIG. 3. Stratigraphic column for formations within the study area with a representation of typical electric log responses. The electric log 
curves are diagrammatic compilations showing the characteristic markers that define the layer boundaries that are also shown in the cross- 
section of the structure in Fig. 7. 
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Taylor Formation and Stenzel(1938), from exposures in gullies, 
mapped an older member of the Taylor Formation in a circular 
region -1 km in diameter, surrounded by a concentric ring of 
the younger Navarro group. Gibson (1 990) and Sharpton and 
Gibson (1 990) ascribe the central limestone, containing shatter 
cones in some areas, to the Pecan Gap limestone of the Taylor 
group (see stratigraphic column in Fig. 3). 

GRAVITY SURVEYS 

An earlier regional gravity survey, referred to in Gibson 
and Sharpton (1989), showed a positive 2.5 mGal Bouguer 
anomaly associated with the central uplift. In the summer of 
1992 we conducted a more detailed gravity survey over a 5 km 
diameter area centered on the structure that comprised 90 
gravity stations giving a station density of one per 0.22 km*. 
An attempt was made to obtain gravity readings on a 500 x 
500 m grid, but deviations from this grid were made to 
accommodate local vegetation and topography, to take 
advantage of local roads, and to re-occupy stations from the 
previous regional survey. The minimal elevation variations 
and the gently sloping relief of the Gulf coastal plain allow the 
acquisition of high-quality gravity data, particularly important 
because of the relatively small amplitude anomaly reported by 
Gibson and Sharpton (1989). The position and elevation of 
individual gravity stations were determined using a laser 
theodolite. Three gravity meter readings were made at each 
station. Repeat readings were taken on average every 67 min 
at a common base station, or at one of two secondary base 
stations, so that the data could be corrected for instrumental 
drift and tidal effects. Data were corrected for latitude and 
elevation relative to a base station tied to a well location whose 
height and position were accurately determined. The Bouguer 
correction was made with a uniform density of 2.27 gkm3. The 
combined overall uncertainty in individual gravity measurements 
for the new survey is 0.02 to 0.03 mGal which compares well 
with other gravity surveys on the Gulf coastal plain. 

Neither the earlier regional survey nor our new more 
localized survey is tied to an absolute gravity station; instead 
both are referenced to different base stations and consequently 
have differing gravity values. To adjust the two data sets into 
a common database, we calculated the average difference 
between the new and earlier survey (viz., 94.4 2 0.3 mGal) 
based upon 14 gravity stations common to both surveys. This 
value was subtracted from all data from the 1992 survey to 
produce a unified simple Bouguer gravity anomaly map 
contoured at 0.5 mGal (Fig. 4a). This map clearly shows the 
central gravity high but the finer structure is obscured by the 
dominant northeast-southwest trending regional field. The 
anomaly field decreases from +14 mGal in the northwest to 
-3 mGal in the southeast (Fig. 4a). To isolate the gravity signal 
associated with the Dome area, it was first necessary to remove 
the influence of this regional field. The graphical method 
described by Nettleton (1 97 1) was used to determine the 

regional field. Smooth low order curves were fit to a series of 
profiles on a 2 x 2 km grid. The regional field obtained 
compares well with that seen on the gravity map of the United 
States (Society of Exploration Geophysicists, 1982). The 
regional field calculated from the smooth fits to these profiles 
was then subtracted from the observed data to yield the residual 
anomaly map shown in Fig. 4b. 

The residual anomaly map shows a clearly defined positive 
anomaly with steep gradients and a maximum of +2.2 mGal 
within a circle - 1700 m in diameter. Centrally within this circle 
the residual positive falls to +I  .8 mGal. The circumferential 
low surrounding the central uplift, attributed to the low-density 
crater fill, is better developed in the residual anomaly map and 
there are semi-circular segments of higher gravity bordering 
the low. This negative is best developed in the southern half 
where the crests of the enveloping gravity highs are interpreted 
to represent the crater rim. There is not a clear, traceable 
inversion on the residual profile in the north and the location 
of the rim in the north was estimated by mapping changes in 
the total gravity anomaly. Cross-sections made at 1 Oo azimuthal 
increments (Fig. 5) were used to select the rim location. The 
crater diameter was estimated from the gravity data by mapping 
the extent of the gravity low. 

DIMENSIONS OF THE CRATER 

Diameter 

There are no surface exposures of the crater rim but 
Sharpton and Gibson (1990) used seismic reflection data to 
map a peripheral fault zone, - 15 km in diameter, interpreted to 
represent the crater edge. The uncertainty in this estimate is a 
function of the inherent difficulty of locating shallow, steeply 
dipping faults on a seismic section and of determining which 
fault trace actually represents the true crater edge. Examination 
of well logs from 11 1 exploration wells on and adjacent to the 
structure yielded a picture of the position and dimensions of 
the central uplift, but gave no clear indication of a crater rim. 
In order to estimate the rim position we utilized the gravity 
data collected over the structure. Complex impact craters are 
commonly characterized by a circular residual negative gravity 
anomaly containing a localized central high (Pilkington and 
Grieve, 1992). The outer limit of the gravity low corresponds 
to the approximate position of the crher rim. Sharpton et al, 
( 1  993) used this approach in an upward revision of the 
estimated diameter of the Chicxulub impact structure. Once 
the residual gravity signature has been extracted from the total 
Bouguer anomaly (Fig. 4b) it is apparent that the Marquez 
Dome does show a peripheral negative anomaly surrounding 
the central uplift. Using the extent of that anomaly as a measure 
of the crater dimensions yields an estimate of 12.7 & 1.5 km. 

Stratigraphic uplift (SU) in the central portion of a complex 
crater can be related to crater diameter (D) by the expression 
SU = 0.08601.03 after Grieve and Pilkington (1996). This 
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FIG. 4. Simple Bouguer (a) anomaly map of the Marquez Dome area. Contour intervals are 0.5 and 0.4 mGal, respectively. 

expression is largely based upon information gathered for 
impacts into terrestrial rather than marine targets. Using the 
present-day estimate of the uplift within the center of 1120 m 
this scaling formula yields a crater diameter of 12.1 km which 
agrees well with the estimate from the gravity data. 

Depth 

Using the relationship of Grieve and Personen (1 992) for 
sedimentary targets, an apparent depth of 250 m may be 
expected for a feature the size of the Marquez impact. For 
simple craters, the true crater depth is approximately twice the 
apparent depth, but for complex craters the true depth is usually 
less than this (Grieve et al., 1981). Using the observations 
reported by Grieve et al. (1 98 l), a true depth of roughly 380 m 
may be predicted for the Marquez structure. This is consistent 

with the well-log information that indicates a maximum true 
depth of <470 m based on the depth to the top of shallowest 
coherent formation (viz., Midway which corresponds to the 
top of layer B in Fig. 6) .  Note that depths in Fig. 6 are 
referenced to mean sea level and not the surface elevation which 
is -90 m higher. The true depth may be <380 m since crater 
depths smaller than those predicted from their diameters have 
been observed for other soft target impacts (e .g . ,  Mjolnir; 
Tsikalas et al., 1998). The proposed explanation for this 
difference involves the absorption of the kinetic energy of the 
impactor by both the water and soft sedimentary material 
leading to a more dampened crater topography than that 
produced for targets in crystalline materials. The Marquez 
structure is certainly an example of crater formation in such 
low strength materials (Buchanan et al., 1998), having 
developed in poorly consolidated sediments. 
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< -0.4 mGal -0.4 to 0.0 mGal >O.O mGal 
FIG. 4. Continued. Simple residual gravity (b) anomaly map of the Marquez Dome area. Heavy lines mark the location of the cross sections 
seen in Fig. 5 .  Solid dots are the locations of the gravity measurement sites. 

Two shallow wells were drilled to depths of 274 m at 1.1 km 
from the center, and 48 1 m at 2 km from the center of the 
structure (Fig. 1) (Wong et al., 1997; Buchanan et al., 1998). 
Scaling laws by Grieve and Pilkington (1996) for impact craters 
in sedimentary targets predict that breccia zones should be 
encountered at depths less than these, assuming our estimate 
of diameter is correct. No impact breccias were recovered 

from the limited coring or from tailings recovered at 5 feet 
(1.5 m) intervals. Analyses of these materials (Buchanan et 
al., 1998) showed no evidence of a meteoritic component or 
of impact metamorphosed material in any of the samples. The 
absence of any prominent recognized impact breccias other 
than the material of the central uplift suggests either (1) the 
drilling did not penetrate to sufficient depth, in which case the 
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breccia lens lies substantially below the top of the central uplift. 
Such a conclusion would however be in conflict with the well- 
log picks (Fig. 7) that appear to show the top of the Midway, 
undisturbed, within a few kilometers of the center of the 
structure; or (2) the breccia zones characteristic of impact 
craters did not form in these water-saturated unconsolidated 
target materials; or (3) that the components of the crater, other 
than the central uplift, were susceptible to rapid erosion and 
had a relatively short survival time in a region of active erosion/ 
deposition or (4) the wells were located in areas of selective 
erosion (e.g., in gullies formed by resurge). 
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FIG. 6. Three-dimensional model of the subsurface structure of the 
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defined by the extent ofthe gravity anomaly while their depths are derived 
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defined primarily by geophysical well logs (see Fig. 3) with additional 
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FIG. 5. Simple Bouguer (upper) and residual gravity (lower) anomaly 
profiles across the Marquez Dome structure. Azimuths ofthe profiles 
are N 20" E (A-A') and N 50" W (B-B'). Locations can be seen in 
Fig. 4. Arrows indicate the interpreted positions of the crater rim. 
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Discussion 

In their review article, Ormo and Lindstrom (2000) describe 
the characteristics of craters formed as a result of an impact 
into a marine target. Generally they distinguish two groups of 
marine impacts: those with crater dimensions that are large in 
comparison to the ambient water depth and those that form in 
much deeper water. The depositional environment at the time 
of the Marquez impact clearly indicates that the structure 
formed in a nearshore environment with water depths less than 
-50 m and therefore belongs to the first of these two groups. 
Impact structures formed in shallow water and those associated 
with land impacts have similar characteristics. The corres- 
pondence between the diameter determined from the gravity 
data and that predicted from the scaling law formula based on 
land impacts, therefore, is consistent with this conclusion of 
Ormo and Lindstrom (2000). 

Of the 14 marine target impact structures discussed by Ormo 
and Lindstrom (2000), only six (viz., Hummeln, Granby, 
Kardla, Ames, Flynn Creek, and Brent) are believed to have 
occurred in shallow water (Le., <75 m). Most of these six 
differ in significant ways from the Marquez structure. In 
particular, all involve a relatively thin (<200 m) layer of 
sediments overlying crystalline basement, are much older than 
Marquez and, except for Ames, have significantly smaller 
diameters. By comparison, the sediment layer at Marquez is 
substantially thicker (> 10 km) with much of this thickness 
involving young, poorly indurated, fluid-filled rocks making 
the target much 'kofter" than those for other shallow water 
impacts. The target material excavated plays an important role 
in the size of any gravity low associated with an impact since 
much of the resulting gravity anomaly is produced by the 
density contrast between intact target material and the crater 
f i l l .  Where the target is crystalline basement material this 
contrast is large; where the target is soft sedimentary material 
as in the case of Marquez, this contrast is small. 

Of the six shallow marine impact structures, Ames appears 
to be the most like Marquez. It is a 15 km diameter, complex 
crater, which formed in water depths of 10 to 50 m, has a rim 
wall and does not appear to be associated with a melt sheet. 
However, there are also some important differences including 
the absence of a prominent central uplift at Ames where the 
gravity anomaly is simply negative (approximately -2 mGal), 
reflecting the crater depression. In addition, the impact at Ames 
involved basement rocks and consequently provided a 
somewhat "harder" target for the impactor than was the case 
for Marquez. Thus while overall many of the features found 
at Marquez are consistent with those of other shallow water 
targets, none of those described thus far are directly comparable. 

MODELING THE SUBSURFACE STRUCTURE 

It proved possible to model six different stratigraphic 
horizons beneath the Marquez structure, using combined 

information from surface outcrops, migrated seismic data, 
geophysical well-log data, and the combined gravity data. The 
deeper layers trace the central uplift and show the decrease in 
deformation that occurs with depth below the structure. The 
shallower layers give some information on the extent of the 
original crater basin. The lowermost layer traced, the top of 
the Cretaceous Buda Limestone of the Washita Group, shows 
no evidence of any disturbance associated with the structure 
and thus provides a lower boundary on the extent of 
deformation at 1630 m below present sea level. 

The surface information, well-log indicators, and the 
seismic reflection and gravity data have been combined into a 
single model comprising eight gridded surfaces. The surfaces 
represent the tops of layers identified from well logs (Fig. 3 )  
and limited by the controls supplied from the other data sets. 
Depth points from irregularly spaced positions were 
transformed to gridded surfaces beginning with a commercially 
available minimum curvature routine. This routine was 
inadequate to model the rapid changes in dip associated with 
the region of the central uplift and the crater rim and was 
supplanted by a custom algorithm that employed straight-line 
interpolation in these areas. The results are shown as eight surfaces, 
each 20 x 20 km with a grid spacing of 200 m (Fig. 6). The 
top two surfaces are representations of the apparent and the 
true crater based on scaling laws for the depths and on the 
characteristics of the gravity data for lateral extents. The sub- 
surface structure of the Marquez Dome area shown in Fig. 7 is 
an idealized cross-section through the structure which for this 
purpose is assumed to be axially symmetric. 

FORWARD GRAVITY MODELING 

A three-dimensional forward gravity model of the 
subsurface structure was constructed using the geometry shown 
in Fig. 6. Densities were assigned to the various layers using 
values from a pseudo-density log provided by the Marathon 
Oil Company. Density values were available for all the units 
modeled (Fig. 7). The gravity response of this three- 
dimensional model was calculated using the method described 
by Rao and Babu (1 99 1). In this method, the undulations of 
individual layers relative to a horizontal datum are replaced 
with prismatic bodies. The gravitational attraction of these 
individual prismatic bodies are then calculated on the basis of 
the lateral density difference of the corresponding undulating 
layers. The calculated model (Fig. 8) provided a good match 
to the observed residual anomaly (Fig. 4b) and smaller scale 
anomalies were then used to fine-tune the subsurface model. 

MAGNETIC SURVEY 

Ninety magnetic observations were made over the central 
uplift in conjunction with the gravity survey and 130 additional 
stations were collected along traverses extending outward from 
the central uplift to cross the estimated crater rim. The magnetic 
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FIG. 8. Calculated Bouguer gravity anomaly produced by the three-dimensional model of the subsurface structure of the Marquez Dome 
shown in Fig. 6 .  Contour interval is 0.2 mGal. 

anomaly map over the Marquez structure (Fig. 9) shows a field 
dominated by a south-southeast gradient of -1 0 n T h .  Locally 
the field is very noisy with short wavelength anomalies >30 nT. 
No correlation could be made between magnetic anomalies 
and the gravity pattern and no shifts in the magnetic field could 
be associated with the dimensions ofthe central uplift or the crater. 

SUMMARY 

Geophysical data have been combined with surface geology 
and well-log information to determine the subsurface geometry 
of the Marquez structure. Mapping subsurface stratigraphic 
horizons in three dimensions allows a more detailed model of 
the central uplift. Locally more than 1120 m of uplift has 

brought the Senonian Pecan Gap limestone to the present 
surface. The amount of uplift decreases in successively deeper 
horizons and there is no detectable uplift of the top of the Buda 
Formation at 1630 m below present sea level. 

The gravity anomaly map allows a new estimate of 12.7 ? 
1.5 km for the crater diameter. Crater scaling laws (Grieve 
and Pilkington, 1996) predict a crater diameter of 12.1 km for 
an uplift of 1120 m. The well-log data (Fig. 7) indicate a 
substantially lower deptwdiameter ratio than that expected for 
impacts into crystalline targets. Marquez is a complex crater 
with a well-documented central uplift but shallow drilling 
adjacent to the uplift to a depth of 48 1 m, with limited coring 
(Wong et al., 1997), did not penetrate any breccia lens or 
evidence of significant shock features. Future studies may 
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FIG. 9. Total intensity magnetic anomaly map over the Marquez Dome structure. Contour interval is 10 nT. 

reveal whether any other portions of the crater have been 
preserved or whether the evidence of cratering in poorly 
consolidated sediments within an active deposition/erosional 

uplift region. 

Editorial handling: R. A. F. Grieve 
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