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SEISMIC STRUCTURE AROUND SALT DOME FORMATIONS 

David Dumas 

Abstract 

A passive seismic experiment was used in the Gulf Coastal Plain of 

Texas to obtain estimates of the depth of the Louann formation. Com¬ 

paring the arrival times for teleseismic P waves through salt domes, 

and the same phase through usually lower-velocity sediments near the 

dome, give a time difference which is proportional to the thickness of 

the overlying sedimentary column above the Louann formation. 

Three domes were selected for the study: Hockley, Nash, and Hos¬ 

kins salt domes. Estimated depths to the Louann in the vicinity of the 

three domes mentioned above, were 21,500, 24,000, and 33,000 ft, respec¬ 

tively. 
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Introduction 

The Gulf Coastal Plain of the United States, over the last 50 years, 

has been one of the most extensively studied areas of the world. Various 

geophysical methods have been used to obtain information of the subsurface. 

These methods include seismic reflection and refraction techniques, and 

gravity and magnetic techniques. Along with the information obtained from 

gèophysical techniques, direct information has been obtained through ex¬ 

tensive drilling in the area. 

Through the use of these various methods there have appeared in the 

literature numerous profiles of the Gulf Coastal area. Meyers (1939) 

gives a detailed profile of the Gulf Coastal Plain in the vicinity of 

Harris County, Texas, describing several stratigraphic divisions consist¬ 

ing of various argillaceous and arenaceous sediments. These divisions 

range in age from the Houston group, of Pleistocene age, to the Mid-Way 

group of late Eocene age. Meyers gives an estimated depth to the bottom 

of the Mid-Way group at 12,000 ft in northern Harris County to depth 

greater than 35,000 ft along the coast south of Houston. More recent 

works by Dorman et al. (1972), Cram (1961), and Hales (1970) has revealed 

much about the deep structure on a broad scale. These authors reported 

several significant layers including the Eocene-Cretaceous boundary down 

to the Mohorovicic discontinuity at a depth of 21.34 miles just beneath 

the shoreline. 

Throughout all, or most of, the Gulf Coastal Plain, salt domes pro¬ 

trude through thé sediments from great depths. The origin of salt domes 

has been widely debated in the literature. It is generally agreed that 

they derive from a major salt deposit, known as the Louann formation, 

which underlies much of the Coastal Plains and shelf zones of the Gulf 
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of Mexico. A high degree of uncertainty exists in previous estimates 

of the areal extent, thickness, depth, and age of the Louann formation. 

The primary objective of this study is to obtain estimates of the depth 

of the Louann formation in the Coastal Plain of East Texas. 

Nettleton (1934) illustrated with a striking model that salt domes 

can originate by density contrast between salt and sediments. At depths 

below 2,000 ft, Nettleton shows that the density of the sediments becomes 

greater than salt and the density difference increases with depth. When 

the pressure is sufficiently great at the salt-sediment interface, the 

salt begins to behave as a liquid. Since the density of salt is less 

than the sediments, it begins to flow upward. The salt bed in the vicin¬ 

ity of the dome begins to thin out, forming a depression around the dome 

as the salt continues to flow upward. Eventually the overburden in the 

vicinity of the synclinal depression drops, resulting in the blockage of 

the flow of salt into the dome. 

There have been several attempts in the past to use seismic reflection 

methods to determine the depth to the base of the salt column. In 1946, 

Hoylman used reflection methods in an attempt to determine the depth to 

the base of the salt at the Moss Bluff Dome in southeast Texas. Using 

a velocity of 14,800 ft/sec for the salt, and assuming it to be constant, 

he obtained a depth of 16,000 ft. 

An earlier attempt to find the base of the salt was made by Swartz 

(1943) in Mississippi. Swartz also used a velocity of 14,800 ft/sec for 

the salt. In the first of two domes explored, a depth of 26,000 ft was 

obtained; the second dome yielded a depth of 22,000 ft. The first dome 

is located north of the second dome. Thus, if these depths are correct, 

this would indicate that the salt is dipping toward the north in the 
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vicinity of these domes. This would be in disagreement with what is 

knoxm from well data which indicate the sediments are dipping towards 

the Gulf. This local difference may be explained by a local basin in 

the area of the two domes. In a publication in 1952, Nettleton presented 

structural profiles on the Coastal Plain. For these profiles, Nettleton 

extrapolated the depth to the top of the salt. The extrapolation was 

based on the lowest geologic horizon obtained from well information. One 

of the profiles was taken along the eastern part of Texas from just north 

of the Talco fault to the Gulf of Mexico. This profile shows that the 

extrapolated depth to the salt varies from 10,000 ft in the north to a 

little over 35,000 ft under the shoreline. Except for the studies men¬ 

tioned above, there have been no attempts to obtain a profile of the salt 

deposits from which salt domes originate. In this paper, a new estimate 

of the thickness and depth of the Louann formation, based upon passive 

seismic techniques, and P-S wave conversion, is presented for the region 

shown in figure 1. 

Methods 

Passive Seismic Technique. The velocity of seismic waves in salt generally 

differ appreciably from those of the surrounding sediments. Thus, since 

the P-wave velocity in salt is higher than that in sediment through most 

of the section, the seismic wave coming up through the salt will arrive 

at the surface earlier than its counterpart propagating through sediment. 

Thus, in principle, we can estimate the thickness of the sedimentary sec¬ 

tion overlying the Louann formation by measuring the difference in arrival 

times for the same earthquake phase detected at a point over a salt dome 

and over the sedimentary section nearby. This assumes, of course, that 
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the sediment and salt velocities are known, and that corrections are 

applied for differences in path lengths, as described below. 

Most domes are capped by a thin layer of anhydrite and limestone 

(the caprock), and are overlain by some sediment. The presence of these 

zones must be taken into account. This problem is simplified if shallow 

domes can be found in suitable locations. Three domes were chosen for 

the initial investigation reported here. Hockley Dome, Nash Dome, and 

Hoskins Mound (Fig. 1). They are described in the section entitled 

"Site Descriptions and Velocity Data". 

In obtaining the time differences between the path through the salt 

dome and through the sedimentary paths, actual ray paths were not taken 

into account. It was assumed that all rays were steeply incident at the 

base of the salt. For this reason, only earthquakes with an epicentral 

distance of 18° and greater were used. It was assumed that the rays which 

emerge through the salt and surrounding sediments traverse identical paths 

through the earth. Any appreciable time difference will be due to the 

paths above the salt-sediment interface. 

P-S Conversion. On the first arrivals on the three component seismograph 

at Hockley, there is a delay in the arrival of the horizontal component 

relative to that of the vertical component. This delay is believed to be 

the result of a P-wave converting to an S-wave below the dome. 

The depth at which the conversion occurs can be found from differ¬ 

ences in the travel times of the P and S waves. This can be done if the 

velocities of both the P and S waves are known. 
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Instrumentation 

Data from a permanent seismic station and two types of remote stations 

were used in this study. The permanent station is located in a salt mine, 

approximately 1500 ft beneath the surface in the Hockley dome. Signals 

from three short-period seismometers, one vertical and two horizontal 

(natural periods of one second), are telemetered from this station via 

phone line to the recording site in Galveston. The data are recorded on 

a high speed strip chart recorder and drum recorders along with time sig¬ 

nals. The remote station (sediment site) used for the Hockley dome, was 

located 6.84 miles southwest of the center of the dome. Data from this 

station were telemetered to the dome station by VHF radio link, and on 

to Galveston over the same telephone line as described above. 

The remaining seismic stations, used at both on-dome and off-dome 

(sediment) sites, are self-contained units, capable of unattended operation. 

The instrumentation is shown schematically in figure 2. 

The output from a 1 Hz vertical geophone is passed through a pre¬ 

amplifier into a filter. A 1 Hz, low pass filter was used to remove ex¬ 

cessive background noise. The signal is then passed through a variable- 

gain amplifier (V/A), and then to an analog to digital (A/D) converter. 

After being digitized, the signal is stored in memory for 10 seconds. 

This allows for the complete recording of the initial phase. After the. 

10 second delay, the signal is converted back to analog form and the de¬ 

layed analog signal modulates a voltage controlled oscillator (VCO). The 

VCO output is recorded on a single-track cassette tape recorder. 

The tape recorder is activated when an "event" is sensed; The 

"triggering system" contains a rectifier, comparator, radio amplifier, 

and a smoothing device. The output of the variable amplifier is rectified, 
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and averaged over a period of 100 seconds. The signal then proceeds to 

the ratio amplifier, then to a comparator. Here the signal is compared 

to the rectified instantaneous signal. If the instantaneous signal ex¬ 

ceeds the background by an adjustable ratio, power is turned on to the 

D/A converter, the VCO and the recorder. The triggering level can be 

set to a maximum of 11 times the average background noise. 

Radio time signals (WWVB) are recorded on the same tape channel by 

use of a different VCO center frequency. The receiver is on continuously, 

thus stabilizing the recorded time source. The tapes are played back 

through discriminators that separate the time code from the data signal. 

A reference signal is recorded on the tape to compensate for varying 

tape speeds. 

Two 12-volt batteries provide power: a large 12V automobile battery 

with 96 amp-hr capacity and a small 12V battery with 30 amp-hr capacity. 

The batteries had to be changed at an interval of 22 days. Each trigger¬ 

ing event activated the tape recorder for 2-1/2 minutes. This time in¬ 

terval allow for 44 events on a 60 minute cassette tape, using the record¬ 

er's auto reverse feature. Current drain on the large battery was 150 mA 

and increased to 200 mA during a triggered-on event. Current drain on 

the smaller battery was 25 mA. 

A triggering channel with memory was also used to activate the strip 

chart recorder located at the laboratory in Galveston. The strip chart 

recording of the Hockley station data served as the basic reference for 

event identification and correlation with all other stations. 

% 

Correction Factors 

The observed arrival times must be corrected for 1) differences in 

path length between earthquake foci and recording sites, and 2) variation 
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in thickness of the caprock and overlying sediments among the dome sites. 

Path Length Corrections, The time correction for differences in path 

length can be found by taking the difference between the epicentral dis¬ 

tance of the dome and sedimentary site, and dividing by the apparent ve¬ 

locity of the incoming phase. The time correction t is given by, 

(A°d - A°) 111.19 (km) 

Where A® and A® are the distances from the salt dome and sedimentary 

site to the earthquake focus (in degrees), and is the apparent velocity 

of the incoming wave obtained from the Herrin time tables. If t is posi¬ 

tive, then the correction is added to the arrival time at the sedimentary 

site; if negative, it is subtracted from the sedimentary site. 

Dome Site Correction. For a surface station (Hoskins and Nash) this cor¬ 

rection corresponds to removing the overlying sediments and caprock and ex¬ 

tending the salt to the surface. If x is the distance to the cap and d is 

the thickness of the cap, then the corrections are, 

t* = 4- iL \ _ d + x  . 
C V+ V ' ; ts 14,800 ft/sec ’ T' = T0 _ (t _ > 

where T1 is the corrected arrival time, T0 the observed arrival time, and 

Vg and Vc are the sedimentary and cap velocities. 

The correction for the removal of the sediments and cap is tc and 

the extension of the salt to the surface is tg. 

For Hockley'station which is in the salt below caprock, and also below 

sea level, the correction used was equivalent to extending the salt up to 

sea level and placing the instrument at sea level. The seismic velocities 

from Birch are given below. 



1) Overlying sediments 

2) Salt 

3) Caprock 

From data given in the next section the 

puted. 

5950 ft/sec 

14,800 ft/sec 

14,800 ft/sec 

following corrections were com- 

Dome Correction 
Sec 

Hockley 

Nash 

Hoskins 

+ 0.09 

- 0.01 

- 0.08 

Site Descriptions and Velocity Data 

As previously stated, three domes were selected for recording pur¬ 

poses: Hockley Dome, Nash Dome and Hoskins Mound (Fig. 1). These domes 

were chosen because of their accessibility, location with respect to the 

profile and a shallow depth to the salt. Other domes that were scouted 

were either too noisy or their proximity to power cables or broadcasting 

towers caused interference with radio time signals. 

Vertical travel times for compressional waves in sediments, near the 

vicinity of Hockley and Hoskins Mound were provided by oil companies. 

Using these vertical travel times, time vs. depth (T-D) curves were con¬ 

structed (these data being highly confidential, allowed only the illustra¬ 

tion of generalized (T-D) curves). Separate T-D curves were required due 

to changes in the sedimentary column between each dome. The velocity pro¬ 

file below the deepest well data was extrapolated by using the relation 
> 

between depth and velocity as given by Faust (1951). 

Hoskins Mound (HOS). Hoskins Mound is located in the southeastern part 

of Brazoria County, Texas, 15 miles northeast of Freeport, 13 miles east 
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of Angleton, and 7 miles from the shoreline. The mound rises to 30 ft 

above sea level at its highest point. The depth to the cap varies between 

574 ft at the center to 1750 ft near the flank. The shallowest salt is 

encountered at 950 ft and extends below 2000 ft towards the flanks. Over- 

lying the cap are unconsolidated sediments consisting of marls, sand and 

clays. For more information about Hoskins Mound, see Marx (1936). 

Recording on Hoskins Mound was extremely difficult due to the exces¬ 

sive amounts of noise. There were two sources of noise. The major source 

was due to the presence of heavy pumps that operate 24 hours a day. The 

second source ofnoise was the Gulf of Mexico which at times generated 

large microseismic storms. 

Two off dome sites were used in recording in the vicinity of Hoskins 

Mound. The first (DLC Ranch) was initially established north of the dome 

at a distance of 1.72 miles. This site was somewhat quieter than the dome, 

because here we did not encounter the problems with the machinery. How¬ 

ever, the microseisms were still present along with the local livestock, 

which caused a number of false triggers. 

Preliminary analysis of the travel time differences from this site 

indicated either that the incident rays were traversing through the dome 

or that subsurface structure was anomalous. 

Subsequently, another station (Novae Ranch) was installed southwest 

of the dome at a distance of 4.2 miles. The same problem with the micro¬ 

seisms along with poor ground-geophone coupling made it very difficult to 

record small events. The noise level was down about 6 db from the dome, 

due to the lack df machinery. The triggering level was set at 6:1. There 

appeared to be a narrow-range in which to set the triggering ratio; above 

6:1 only events with a very high intensity would trigger, below 6:1 numer¬ 

ous false triggers would occur due to local noise. 
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Sedimentary velocities were obtained from well data supplied by 

Texaco. The well was located about .75 miles away from the second sedi¬ 

mentary site. The well data provided information to 17,300 ft. Below 

16,000 ft the slope of the T-D curve changes abruptly when plotted by 

the method used by Faust (1951). 

Below the 17,300 ft depth two curves were drawn (Fig. 3). Curve 1 

assumes the Tertiary-Eocene boundary is at 17,000 ft. Curve 2 assumes 

this depth at 14,000 ft. The reason for the two curves is that the depth 

of the Eocene-post-Eocene boundary is not exactly known, and the two 

depths 14,000 and 17,000 ft are believed to represent the upper and 

lower limits where the boundary might exist. Faust (1951) has shown that 

velocities are higher in Eocene sediments than post-Eocene sediments; thus 

depending on the position of the post-Eocene-Eocene boundary, the vertical 

travel time will change. Figure 4 is the depth versus At curve ( At = 

tsed “ fcsalt)* , 

The center curve is the extrapolation of the At versus depth from 

the well data. 

Hockley (HKT). The Hockley Salt dome,is located in the northwestern por¬ 

tion of Harris County, Texas, 31 miles from Houston. The dome is very 

shallow, with a depth to the cap of 76 ft, and to the salt of 1010 ft at 

the shallowest point. The recording system at Hockley was different from 

that at the other two domes, as mentioned above. 

Rays arriving through the salt were recorded by the permanent seis¬ 

mic station operated by the Marine Science Institute of the University of 

Texas. A remote site was established at a distance of 6.84 miles south¬ 

west of the dome. This site was connected to the mine station by a radio 

link and both signals were transmitted by FM telemetry over a telephone 
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line to the laboratory in Galveston, where continuous recordings were 

made. 

Velocity data near Hockley was provided by Exxon. These data extend 

to a depth of 16,500 ft. Below this depth, the velocity was extrapolated 

by the method described above. 

The T-D curve (Fig. 5) is drawn with the Cretaceous boundary at 

12,000 ft. Figure 6 is the depth versus At curve. This curve is a multi¬ 

value curve, with one At corresponding to two depths. This is because the 

velocity in the sediments surpasses that of salt at a depth of about 22,000 

ft. 

Nash Dome (NAS). Nash Dome is located in south Fort Bend County, 17.3 

miles northwest of Angleton, and 11.8 miles north of West Columbia, Texas. 

Maximum elevation around Nash is 55 ft with a 5 ft relief over the dome 

compared with the sourrounding area. The top of the cap is fairly flat 

(see Halbouty, 1967). The shallowest cap encountered was 620 ft, and 

the shallowest salt encountered was at 944 ft. The cap is overlain by un¬ 

consolidated sediments consisting of clay and sands. 

Our seismic station was established directly over the dome about 

700 ft above the cap. The noise level at Nash was about 20-24 db below 

that at Hoskins Mound. 

The off-some site was located on the ranch owned by Mr. J. Phillips 

(Phil). The remote unit was 4.06 miles southeast of the dome. Except 

for the local livestock, this was an almost ideal site far removed from 

any noises which would hamper recording, yet with enough noise to main¬ 

tain a good average. The noise level was down about 18-24 db below Hoskins. 

This recording site is located about 25 miles northwest of Hoskins Mound. 

The triggering level was maintained at a ratio of 7:1, which appeared to 
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be the average ratio setting in the area. 

Well data near Nash were not available. However, in general, sedi¬ 

ment velocities decrease toward the shoreline in the region of this study. 

Thus, in the absence of any other information, we have simply assumed a 

velocity profile intermediate between those of the Hoskins Mound and 

Hockley areas, as shown in Figure 7. The corresponding depth versus At 

curve is shown in Figure 8. 

Garretts Ranch (GAR). This station was established far from any of the 

dome stations, about 4 miles north of Danbury, Texas, and 13.8 miles 

northwest of Hoskins Mound. The triggering level was set at 7.1, slightly 

higher than Novae or DLC ranches. Well data in the vicinity of Garretts’ 

ranch was not available. 

Results 

Hockley Area (HKT). The delay of surface arrivals with respect to those 

in the mine were obtained by visual comparison to ,10 sec in each case. 

The corrected arrival time differences range between .53 and .86 sec (see 

Table 2) with a mean of .69 sec. The scatter of the data is believed to 

result from local variations in the depth of the salt-sediment interface 

and from errors in reading the seismograms. The mean time difference, 

0.69 sec, is interpreted to be the difference in travel time from the 

salt-sediment boundary. 

Several examples illustrating the delay effect are shown in Figures 

9 and 10. These are identified from reports of NOAA-ERL as follows: 

Figure 9a. Aug. 1, 1554, 26.8°S, 71.0°W, 16 km, A = 61°, 

AZ = 154.6°, Chile 

9b. Aug. 7, 0351, 26.8°S, 71.4°W, 25 km, A = 61°, 

AZ = 154.5°, Chile 
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Figure 9c. Aug. 7, 0212, 7.2°S, 80.8°W, N, A = 39.6°, 

AZ = 156.2°, Peru 

Figure 10a. Aug. 3, 1540, 20.0°N, 73.1°W, 37 km, A = 22.8°, 

AZ = 110.5°, Haiti 

10b. Aug. 4, 0049, 9,8°N, 84.6°W,. N, A = 22.6°, 

AZ - 150°, Costa Rica 

From the At versus depth curve of Figure 6, it can be seen that .69 sec 

corresponds to two depths, 21,500 ft and 24,000 ft. 

A plot of the difference between the corrected At for each earth¬ 

quake and the mean At (At) with respect to azimuth is shown in Figure 11. 

It is clear that the travel time differences between the sediment and salt 

paths are smaller (minus signs) for arrivals from the south than for ar¬ 

rivals from the north. There is insufficient data to determine accurately 

where the crossover from positive to negative values occurs but between 

the azimuths of 146° to 156° the differences are very small, varying be¬ 

tween positive and negative values. The reason for the sign change is 

probably due to local changes in the depth of the salt-sediment interface, 

as illustrated in Figure 11. 

As mentioned earlier, there is a delay in the arrivals on the hori¬ 

zontal components comared to that on the vertical component. This delay 

is .92 sec. A few events illustrating this delay are shown in Figures 12- 

14. 

Using a Poisson's ratio of .25 for salt, a shear wave velocity of 

8554 ft/sec is obtained (P wave velocity = 14,800 ft/sec). 

Assuming that the initial motion detected by the horizontal component 

seismometers is a shear wave converted from P at the base of the salt, 

these velocities give a depth to the base of the salt of 20,100 ft. This 
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is 1,400 ft less than the depth to the salt-sediment interface given by 

the direct P-wave travel-time comparisons. Evidently the velocity of 

the S wave is higher in salt than that given by a Poisson's ratio of 0.25, 

or the P wave velocity is higher than assumed, or the average sediment 

velocity is lower than assumed. However, the agreement is quite good 

considering the uncertainty in these velocities. Despite all of the 

work that has been done with salt, there appears to be no information 

concerning S-wave velocities in salt. 

Nash Area. The delay at the two sites in this case could be read by 

visual comparison to ±.02 sec in each case. Only three events were re¬ 

corded at both the off dome-site and on the dome. One event is shown 

in Figure 15. 

The mean value for At between the Nash dome and Phillips (sediment) 

recording sites is .92 sec. This corresponds to a depth of 24,000 ft to 

the top of the Louann formation. 

Tables 3 and 5 list the At's between Hockley and Nash, and Phillips 

and Hockley. The mean At between Phillips and Hockley (Phil-HKT) is .74 

sec. If the travel times for the three events recorded at Phillips and 

Nash are compared with the travel time differences for the same events 

between Phillips and Hockley, there is a difference of .23 sec between 

the mean At's from (Phil-Nash) and (Phil-HKT). The At between (Phil-HKT) 

is less than the At between (Phil-Nash). This would indicate that the 

rays are arriving earlier in the vicinity of Phillips and Nash than rays 

which arrive at Hockley, the arrivals at Nash arriving earlier by .23 sec. 

These earlier arrivals at Nash are attributed to differences in deep struc¬ 

ture (basement, crust and mantle) beneath the two sites. In the case of 

the two salt domes (HKT-NASH) the effects of the deep structure and 
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azimuths are quite apparent. The time difference is negative (HKT early) 

for rays arriving from the south and positive for rays arriving from the 

north. 

Hoskins Area (HOS). As a result of the difficulties described earlier, 

only three events were recorded at both the dome and off-dome sites. De¬ 

lay times were measured within ±.02 sec. Table 4 gives the At's for all 

recorded events at HOS and other stations. The initial motion of the sig¬ 

nal had to be used at HOS because reverberation in the cap, along with 

multiple reflection between the salt and surface, cause severe distortion 

in the wave train. Figure 16 illustrates an event recorded on April 4 

At HOS and the other recording sites illustrating the effects of wave dis¬ 

tortion due to the caprock. 

The mean At between Novae and Hoskins is 1.41 sec. Both events oc¬ 

curred on a northerly azimuth. The At for DLC is .71 sec. This time is 

roughly half that which was obtained at Novae. The latter was used in ob¬ 

taining the depth to the salt-sediment interface. Figure 4 is the At ver¬ 

sus depth curves for the Hoskins area. These curves show depths to the 

salt bed ranging from 30,500 - 39,000 ft. Using the At curve extrapolated 

from bore hole velocity data, a depth of 33,000 ft is obtained, which is 

not unreasonable. Nettleton (1952) gives an extrapolated.depth of 35,000 

ft. 

In comparing Novae and HKT a mean At of .74 sec was obtained. The 

At between (NOV-HKT) is less than the At between (NOV-HOS). This is simi¬ 

lar to the results from the Nash-Hockley comparison, except that rays ar¬ 

rive earlier at Novacs by ,67. This effect is due to the changes in deep 

structure below the salt. The At's (HKT-HOS), are highly azimuth dependent 

they are negative for rays from the South, and positive for rays from the 
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North. The same results were found at Nash. 

Garretts Ranch. As stated earlier, this station is located between HKT 

and HOS. A depth to the salt-sediment interface could not be determined 

here due to the absence of a T-D wave for the vicinity of Garrett's Ranch. 

However, the At's between this site and the domes are given in Tables 3 

and 4. The At’s with respect to HKT, is somewhat scattered (Table 2), 

the mean At being .74 sec. A At with respect to HOS (Table 4) of .92 sec 

was obtained. The different At's are believed to be caused by changes in 

the deep structure between Hockley and Hoskins Mound. 

Discussion and Conclusion 

From the travel time differences between salt dome paths and sediment 

paths, estimates of the depth to the top of the Louann are obtained for 

Hockley, Nash, and Hoskins Mound salt domes. At Hockley the depth to the 

salt is approximately 21,500 ft, although a depth of 24,000 ft is possible. 

The shallower depth is chosen because it is in closer agreement with the 

refraction results of Dorman et al. (1972), Figure 17, and with the esti¬ 

mate from the converted phase data. Between Hockley and Nash, the salt 

slopes gently (less than 1°) to a depth of approximately 24,000 ft at 

Nash. Between Nash and Hoskins, the dip of the salt-sediment interface 

is greater(approximately 4°) reaching a depth of 33,000 ft in the Hoskins 

area. 

Comparing the depths mentioned above with the basement depths from 

Dorman et al. (1972), we infer that the maximum thickness of the Louann 

formation in the’area of this study is several thousand ft, and pre-salt 

sediment deposition must have been quite small or non-existent. 

Interpreting the delayed first arrival on the horizontal component 
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seismometers at Hockley as a shear wave converted from P at the base of 

the salt, we find that the depth of this discontinuity is 20,000 ft. This 

depth is obtained by using a Poisson's ratio of 0.25 (S wave velocity of 

8546 ft/sec). This depth is in reasonably good agreement with the esti¬ 

mates of the depth of the top of the salt obtained from direct P-wave 

travel time differences. If we assume that salt directly overlies the 

basement at a depth of 23,000 ft as given by Dorman et al. (1972), a shear 

wave velocity of 9296 ft/sec will.give the observed time difference of .92 

sec. This corresponds to a Poisson's ratio of 0.18. 

The time differences between Hockley and the other two domes (Fig. 18) 

show that there is a direct relation between the sign (positive or nega¬ 

tive) of the time difference (HKT-HOS, NASH), and the azimuths. The time 

difference (At) is negative for rays arriving from the south; this means 

that the rays arrived earlier at HKT than the other domes. If At is posi¬ 

tive, the rays arrived later at HKT. 

Without exact ray path calculations, these results can only be ex¬ 

plained qualitatively, as shown by a simplified cross section for the Coast¬ 

al Plain, Figure 19. The lower crust is divided into two parts, 1 and 2, 

the basement is represented by layer 3 and the salt by layer 4. These have 

velocities V^, V2, V^, and V4, respectively. Let V^>V2>V^ where and V3 

are fairly constant and V2 having a velocity gradient with velocities de¬ 

creasing toward the south. For signals arriving from the south, rays ar¬ 

riving at dome B reach plane X-X' later than rays that emerge at dome A. 

If the event occurs in a northerly azimuth, rays arriving at dome B will 

traverse through higher velocity material in area 2, than the rays arriv¬ 

ing from the south. The rays emerging at dome B will arrive earlier at 

plane X-X' than rays emerging through dome A. From plane X-X1, both rays 
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travel with the same velocity, since both rays are in salt column. Thus, 

the changes in sign for At can be explained by changes in the basement 

coupled with velocities decreasing toward the south. 

We consider the possibility of a model involving sloping interfaces, 

between homogeneous layers (thickening and thinning along the section)• 

In essence all such models represent uniform gradients of properties 

along the section. No such model can account for the azimuth-dependent 

sign reversal in the HKT-HOS time difference. A change in the gradient 

of properties along the section can account for the observations, how¬ 

ever. This may involve vertical discontinuities, layer that pinch out 

between the A and B ends of the Section, or possibly other types of lat¬ 

eral changes. 

Therefore the model of Figure 19 is not unique. However, it finds 

support from the seismic refraction studies by authors mentioned above who 

have observed a horizontal velocity gradient, with velocities decreasing 

toward oceanic material (southwards) and a thinning of the basement as one 

moves southward. 

The estimated depths obtained for the Louann are believed to represent 

the maximum depths at which the formation exists. The values obtained are 

not without uncertainties. These uncertainties may be due to inaccuracies 

in the sedimentary velocities, a velocity gradient in the salt, a different 

salt velocity, or the departure from vertical ray paths. However, the er¬ 

ror caused by these uncertainties is not more than 1000 ft. 

Another source of possible error is the location of the off dome-station. 

If the path of a ray is through the syncline which surrounds the dome, then 

the depth obtained would be greater than the true depth to the Louann forma¬ 

tion 
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EPICENTER LOCATIONS 

DATE . To LAT. LONG. LOCATION DEPTH 
(KM) 

Wb 

8/1/73 013130.9 14.3S 167.3E New Hebrides 200 6.1 

8/1/73 154425.5 26.8S 71. OW Northern Chile 16 5.7 

8/3/73 152426.9 20.ON 73.1W Haiti 37 5.2 

8/3/73 172358.0 54.8N 162.4E Kamchatka 28 5.3 

8/3/73 215252.7 7.4N 81.9E Panama N 4.8 

8/4/73 004442.8 9.8N 84.6W Costa Rica N 5.3 

8/4/73 112228.3 27.9S 68.9W Chile/Argentina 95 5.4 

8/5/73 004958.3 22.8S 70.2W Chile 43 5.5 

8/7/73 034125.6 26.8S 70.9W Peru 25 5.6 

8/7/73 020515.6 7.2S 80.8W Chile N 5.1 

3/18/75 172123.4 4.2S 77.OW Chile 98 6.2 

3/25/75 064133.0 28. OS 66.7W Argentina 178 5.9 

3/28/75 023103.9 42. IN 112.2W Idaho 6 6.3 

3/31/75 103313.7 9.65S 79.64W Peru 49 4.9 

4/4/75 051616.2 38. IN 22. OE Greece 53 5.4 

4/16/75 044622.5 10.5N 85 ..8W Costa Rica 75 5.5 

4/20/75 114039.2 36.4S 98.8W South Pacific 33 6.0 

5/23/75 1029 13.5N 86.5W Nicaragua ~ — 

5/26/75 091149.7 35.8N 17.3W North Atlantic 33 8.0 

5/27/75 101835.2 0.8N 122.5E Celebes 65 6.2 

6/3/75 1420 37.09N 116.03W NTS N — 

6/3/75 1440 37.3N 116.52W NTS N — 

6/13/75 180812.8 43.6N 147.4E Kuril Island 33 6.6 

Table 1 



EPICENTER LOCATIONS 

DATE T A o LAT. LONG. LOCATION DEPTH 
(KM) 

Mb 

6/14/75 104020,5 32.6S 70.8W Chile 100 6.3 

6/19/75 1305 37.2N 116.3W NTS — — 

6/23/75 131738.0 50.5N 9.96E Germany 0 5.2 

6/26/75 1230 37.3N 116.4W NTS — 

Table 1 (Cont'd.) 
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Figure Captions 

Figure 1. Map of the Gulf Coastal Plain in the vicinity of Houston, Texas, 

showing the location of this study (Hockley-Hoskins Mound), 

and the locations of Cram, Dorman, and Hales profiles. Sev¬ 

eral off-dome sites were too close to the domes to plot on the 

scale of this map: DLC north of Hoskins Mound; Novae Ranch 

southwest of Hoskins; Phillips Ranch southeast of Nash Dome; 

and Site 1 southwest of Hockley. See text for description of 

locations. 

Figure 2. Block diagram of self-triggering unit 

Figure 3. Travel time curve for Hoskins Mound 

Figure 4. Depth versus At curve for Hoskins Mound [At = (tge(j - 
tsalt^l 

Figure 5. Travel time curve for Hockley 

Figure 6. Depth versus At curve for Hockley [At - (tsecj - 
tsalt^ 

Figure 7. Travel time curve for Nash 

Figure 8. Depth versus At curve for Nash [At = (tgecj - 1 

Figures 9-10. Illustrations of a few recorded events at Hockley and 

site 1. 

Figure 11. The effect of different paths through the salt sediment inter¬ 

face that could produce the reversals in the sign of (At - At). 

Here the salt-sediment interface appears to be undulated. 

Figures 12-14. Three events illustrating the delay between the vertical 

and Horizontal component(s). 

Figure 15. An event that was recorded at Nash, Phillips, and Hockley. 

Figure 16. Records of the April 4th event at Hoskins, DLC, Garrets, and 

Hockley 



Figure Captions (Cont'd.) 

Figure 17. 

Figure 18. 

Figure 19. 

Figures 20' 

Projected crustal section from Dorman et al. (1972), including 

Louann formation. 

Location of Hockley, Hoskins Mound, and Nash domes showing 

the effect of azimuth on the differences in arrival times 

between Hockley and the other two domes. 

Simplified crustal model through the Coastal Plain. 

23. Several recorded events tabulated but not mentioned ex¬ 

plicitly in the text. 
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