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Light Hydrocarbons in Recent Texas Continental 
Shelf and Slope Sediments 
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The distributions of the concentrations of methane, ethene, ethane, propene, and propane in twelve l-to 
2-m-long gravity cores for two transects from nearshore to midslope off the southwest Texas Gulf Coast 
are reported. Methane profiles exhibit maxima in the top 40 cm of sediment on the shelf, in contrast to 
downward increasing gradients in the slope region. Nearshore surface methane concentrations ranging 
from 50 to 400 t•l (normal temperature and pressure) per liter pore water are apparently due to microbial 
production ij• sulfate-free microenvironments such as fecal pellets in a near-seawater sulfate environment. 
A decrease in sediment methane levels to less than 5 t•l/l pore water in downslope sediments is attributed 
to reduced microbial activity due to lower organic contents and temperatures. Profiles of the saturated 
and unsaturated C: and Ca hydrocarbons suggest that these gases are also microbia!ly produced. 

INTRODUCTION 

Since the early report of gases in marine sediments by 
Emery and Hoggan [1958], several investigators have pub- 
lished concentrations of methane and other gases in near- 
surface marine sediments [Reeburgh, 1969, 1976; Reeburgh and 
Heggie, 1974; Whelan, 1974; Martens and Berner, 1974, 1977; 
Barnes and Goldberg, 1976]. These studies are all concerned 
with anoxic marine sediments such as are found in deltas, 
estuaries, marshes, and marine basins. Methane exists in these 
sediments as a result of microbial production from organic 
substrates and/or CO•. Since large quantities of methane (sev- 
eral milliliters per liter interstitial water) have only been ob- 
served in marine sediments below the depth of sulfate deple- 
tion and all known methanogenic bacteria are obligate 
anaerobes [Toeden and Hattingh, 1969], it has been accepted 
that methane is microbially produced only in the absence of 
dissolved sulfate below the anaerobic sulfate reduction zone 

[Claypool and Kaplan, 1974]. Martens and Berner [1974] sug- 
gested that methane could be produced above this zone within 
organic-rich microenvironments such as decaying organisms 
or shell fragments. Barnes and Goldberg [1976] reported meth- 
ane concentration profiles from anoxic Santa Barbara Basin 
sediments which indicated that methane was actively con- 
sumed by the bacterial population of the sulfate-reducing 
zone. They suggested that methane generation and sulfate 
reduction are not mutually exclusive processes but rather that 
low methane levels in sulfate-reducing sediments represent a 
balance between production by methanogenic bacteria and 
consumption by sulfate reducers. Martens and Berner [1977] 
recently concluded that methane is most likely produced only 
in the absence of bacterial sulfate reduction, and upon diffus- 
ing upward it is consumed by sulfate-reducing bacteria. Re- 
ported here are measurements of methane in lower Texas 
continental shelf and slope sediments of the Gulf of Mexico. 
The top few meters of the sediments studied are only mildly 
reducing, having interstitial sulfate concentrations similar to 
those of seawater. Dissolved gas profiles indicate that methane 
is microbially produced at the greatest rates in the top several 
centimeters of these shelf and slope sediments. 

ANALYTICAL METHODS 

Sediment samples were obtained by using standard gravity 
coring techniques. Upon retrieval the sediment, contained in a 
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plastic liner, was removed from the core barrel and sectioned 
at specific depths. Five-centimeter sections were immediately 
extruded into 0.5-1 containers holding 125 ml of sodium-azide- 
poisoned hydrocarbon-free seawater. The containers were 
capped, and the headspaces flushed with helium or nitrogen 
through septa in the lids. The hydrocarbon gases dissolved in 
the interstitial water were equilibrated with the gas phase by 
agitation for 5 min with a high-speed shaker. The shaker also 
dispersed the sodium azide throughout the sediment to inhibit 
microbial activity. The headspace gases were then analyzed, or 
the containers were inverted to form liquid seals around the 
lids and stored in darkness at near-freezing temperatures until 
analysis. 

The system for analysis of the light hydrocarbons is shown 
schematically in Figure 1. Trap A contains activated charcoal 
maintained at liquid nitrogen temperature for removal of hy- 
drocarbon impurities in the purge helium stream. The system 
is flushed by opening all valves and heating trap B to •90øC 
with a boiling water bath. Trap B contains Porapak Q as a 
substrate to collect the hydrocarbons. Liquid nitrogen is 
placed around the trap, and valve C is closed before the 
container is coupled to the system by inserting 20-gauge nee- 
dles into the septa (outflow line first). Helium enters the 
sample container through valve D, purges the headspace gases 
through an anhydrous magnesium perchlorate drying tube, 
and carries the light hydrocarbons into trap B, where they are 
quantitatively collected. 

The flush rate is adjusted by valve D to 1 l/min so that the 
hydrocarbons in the 0.2-1 headspace are quantitatively re- 
moved in 2 min. The trap is then isolated by closing valves F 
and G, and the container removed from the system. The trap is 
then heated and injected into the carrier stream by a pneu- 
matic slide valve, and the hydrocarbons are separated on a 3- 
m, 1.5-mm-ID Porapak Q column thermostated at 60øC. A 
flame ionization detector (HP 5710A gas chromatograph) is 
used in conjunction with an electronic integrator (HP 3380) 
for the analysis of hydrocarbon concentrations. A typical 
chromatogram showing separation of the gases is shown in 
Figure 2. 

Because of the solubility differences of the light hydro- 
carbons in seawater the partition coefficients between the wa- 
ter-sediment mixture and the headspace vary for each hydro- 
carbon. Partition coefficients for the individual hydrocarbons 
were determined by repeated equilibrations of samples after 
replacement of the headspace gas with helium. After purging, 
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Fig. 1. Schematic of the system used for analysis of sediment light hydrocarbons. 

the sample container was reagitated, and the analysis proce- 
dure repeated. The individual partition coefficients were calcu- 
lated by 

K,: 1 - (Xo./X• ), (1) 

where K is the partition coefficient for a particular hydro- 
carbon and (X:/X•)t is the ratio of the detector response gener- 
ated by component i from the first (X•) and second (X:) 
equilibrations. These partition coefficients represent the frac- 
tion of total gas in a sample container that is present in the gas 
phase after an equilibration. Since at least 80% of every light 
hydrocarbon gas is removed from the sediment by each equili- 
bration, simply summing the response from the first two equil- 
ibrations would represent at least 96% recovery of each gas 
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Fig. 2. Chromatogram of sediment light hydrocarbons. 

from the sediment samples. Since coefficients for a group of 
cores taken and analyzed under similar conditions are quite 
repetitive, it is faster and more accurate to establish standard 
partition coefficients of each gas in a group of core samples by 
performing second equilibrations only on selected samples. 
The total response of a gas in a sample (T t) can then be 
calculated by using 

T, = (X•/K), (2) 

After a volume of a standard gas mixture is trapped and 
injected into the gas chromatograph for calibration, concen- 
trations of each gas can be calculated by 

C, = (C,ta/X, ta), x (V, ta/Vm,.,a) x T• (3) 

where gas concentration Ct is in microliters per liter wet sedi- 
ment, Csta is the concentration of component i in a standard 
gas mixture in parts per million, Xsta represents the detector 
response generated by standard component i, V•ta is the vol- 
ume of standard gas in milliliters, and Vmua is the volume in 
milliliters of sediment placed in the sampling container. 

As an experimental verification of the analytical procedures 
a sediment sample was equilibrated and purged five times to 
remove all measurable light hydrocarbons. A 20-cm a sample of 
standard gas containing quantities of light hydrocarbons in the 
range of those typically measured in continental shelf sediment 
samples was injected into the container. The container was 
then agitated to equilibrate the hydrocarbons, and headspace 
gases were measured as was previously outlined. After pur- 
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TABLE 1. Gas Partitioning Experiment 

M ethane Ethene Ethane Propene Propane 

Nanoliters of gas injected 
Response, first equilibration (X•) 
Response, second equilibration (X:) 
Calculated partition coefficient (K) 
Calculated total units in sample (T) 
Response, calibration standard 

Percent deviation of T from 

380 16 17 15 18 
619.8 51.57 60.51 72.09 91.89 

37.25 7.425 4.039 9.313 3.966 
0.940 0.856 0.933 0.871 0.957 

659.4 60.2 64.9 82.8 96.0 
666.5 59.2 65.3 81.7 96.5 

-1.1 1.7 -0.6 1.3 -0.5 

Symbols are explained in text. 

ging, the container was reequilibrated, and the new headspace 
gases were measured. The data generated by the experiment 
are presented in Table 1. For each hydrocarbon gas the table 
lists the number of nanoliters contained in 20 cm 8 of the 

standard mixture, the integrator units generated from the first 
and second equilibrations of the container, and the resulting 
partition coefficients. Also tabulated are the integrator units 
measured from direct analysis of the hydrocarbons in 20 cm 8 
of the standard gas (these represent the total units which were 
injected into the container) and the total units in the sample 
calculated by (2). Percentage deviations of the calculated and 
measured values show that there was less than a 2% error for 

every hydrocarbon by calculating concentrations from parti- 
tion coefficients. Therefore if consistent partition coefficients 
are established for a large group of samples, most of the 
samples analyzed need to be equilibrated only once. 

Average partition coefficients calculated from two large 
groups of sediment samples taken from the Texas continental 
shelf and slope are presented in Table 2. Both groups were 
stored in a refrigerator, but group A was warmed to room 
temperature (20øC) before analysis, whereas group B was 
heated to about 40øC in a hot-water bath. The gas solubilities 
in 20øC distilled water calculated from the data of McAuliffe 
[1966] are also tabulated for comparison. The solubilities of 
most of these gases in seawater are not accurately known but 
should follow the same trend as is followed in distilled water. 
Partition coefficients are a function of the solubilities of gases, 
which in turn depend on temperature. The coefficients listed in 
Table 2 reflect the relative gas solubilities, decreasing with 
increasing solubility, and so on. Group B partition coefficients 
were noticeably higher than those of group A, indicating the 
negative effect of higher temperature on gas solubilities. 
Higher partition coefficients decrease the chance of error in the 
calculation of total gas in the samples because relatively more 
gas is removed from the sample during the first equilibration, 
so warming the samples to 40øC is now the preferred proce- 
dure. 

For each section of sediment sampled for light hydro- 
carbons an adjacent sample of sediment was collected, 
weighed, freeze-dried, and reweighed for the determination of 
weight percent interstitial water. From this percentage, poros- 
ity can be calculated, and concentrations of light hydro- 

carbons are reported per liter interstitial water rather than wet 
sediment. 

For measuring methane concentrations in excess of satura- 
tion at 1-atm pressure, such as are typically found in sulfate- 
free, reducing sediments, our sampling method is inferior to 
the so-called in situ pore water samplers developed by other 
investigators, because of the possibility of outgassing during 
core retrieval. However, in situ samplers cannot presently 
sample sufficient pore water for precise determinations of light 
hydrocarbons other than methane. The sediment depth which 
can be reached .and the sampling intervals are also somewhat 
limited by the in situ technique. Concentrations of hydro- 
carbon gas existing in the top few meters of the Texas conti- 
nental shelf and slope sediments are far below saturation, so 
that the escape of gas during handling by our sampling method 
is driven only by the processes of molecular diffusion from the 
core material. The time period that the core material is ex- 
posed to conditions causing loss of gas due to outward diffu- 
sion after extrusion is generally less than 1 min. The depth 
within the core section to which significant gas loss occurs 
during this time can be estimated by using a diffusion coeffi- 
cient of 2 x l0 -8 cm•'/s [Martens and Berner, 1977] to be about 
0.1 mm. In effect then, in 1 min, diffusive processes skim the 
outer 0.1 mm from the surface of the exposed core section, 
introducing a maximum reduction of 1% in the total gas con- 
tent of a sample. 

LIGHT HYDROCARBON AND SULFATE DATA 

Light hydrocarbon concentrations measured in sediments 
taken at 12 stations on the Texas continental shelf and slope 
are listed in Table 3. The stations are located on two transects 

progressing seaward from the shoreline (Figure 3). Methane 
concentrations are reported as microliters (normal temper- 
ature and pressure (NTP)) per liter interstitial water, and the 
other gases as nanoliters (NTP) per liter interstitial water. 
Estimated errors for dissolved gas determinations are less than 
+3%. Sulfate was determined on interstitial water samples by 
barium sulfate gravimetry [Vogel, 1968] at selected depths in 
cores taken at stations 1-7. These samples were taken immedi- 
ately above core sections for light hydrocarbons, and millimo- 
lar sulfate concentrations are listed adjacent to corresponding 
light hydrocarbon sampling intervals in Table 3. 

TABLE 2. Partition Coefficients of Two Groups of Samples 

Methane Ethene Ethane Propene Propane 

Group A (20øC) 0.944 
Group B (40øC) 0.955 
Solubility at 20øC, * mi/i 34 

0.840 0.897 0.835 0.950 
0.848 0.919 0.902 0.960 

105 45 107 32 

*Calculated from data of Mc,4uh.'[]b [1966]. 
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TABLE 3. Light Hydrocarbon and Sulfate Concentrations in Texas Shelf and Slope Sediments 

Depth, Methane, Ethene, Ethane, Properie, Propane, Sulfate, 
cm t•l/l nl/1 nl/l nl/1 nl/1 mM 

CoringStation 1 
5-10 393 154 87 77 51 26.9 

15-20 52.1 147 87 98 57 26.8 
25-30 26.0 139 89 102 55 
35-40 9.1 130 110 102 68 
45-50 14.7 211 117 140 79 25.5 
65-70 7.5 179 109 117 68 
85-90 6.8 177 134 129 81 25.5 

105-110 7.6 139 92 104 60 25.5 

Coring Station 2 
5-10 278 ll4 43 59 46 30.2 

15-20 76.0 87 56 70 43 
25-30 19.6 107 56 70 47 
35-40 15.5 126 72 82 46 28.3 
45-50 16.5 114 60 74 37 
65-70 18.2 94 60 68 37 27.0 
85-90 19.7 68 40 55 29 

105-110 22.8 126 66 85 37 
125-130 30.8 85 57 72 42 26.9 
145-150 19.3 176 95 122 57 
165-170 19.5 149 68 104 43 24.7 

Coring Station 3 
5-10 77.6 71 33 50 36 27.4 

15-20 28.5 82 48 60 30 
25-30 35.4 111 55 66 34 
35-40 19.4 137 58 84 29 27.6 
45-50 15.4 102 52 68 23 
65-70 17.6 94 46 76 27 
85-90 17.2 91 51 48 30 26.6 

105-110 15.8 93 55 67 28 
125-130 15.7 75 48 58 25 25.7 
145-150 15.7 84 55 67 25 
165-170 12.7 140 59 91 27 24.7 

Coring Station 4 
5-10 75.5 60 24 37 34 28.7 

15-20 37.7 61 32 42 35 
25-30 6.72 89 37 49 36 26.3 
35-40 3.23 80 36 47 37 
45-50 2.32 56 27 43 33 26.3 
65-70 2.57 80 37 52 36 
85-90 2.65 84 40 63 35 25.8 

105-110 3.13 61 35 52 35 
125-130 3.18 74 40 52 32 25.2 

CoringStation 5 
5-10 6.60 75 26 29 21 

15-20 2.39 55 24 26 16 
25-30 2.54 58 28 34 19 
35-40 2.79 59 28 32 18 25.3 
45-50 3.25 67 29 35 19 
65-70 3.67 96 35 43 23 
85-90 3.87 103 36 40 21 26.2 

105-110 3.74 30 23 33 17 
125-130 4.00 52 26 30 17 25.5 
145-150 4.34 54 30 35 22 
165-170 3.86 61 25 33 17 22.2 

Cor•g Station 6 
5-10 1.05 60 23 33 26 26.9 

15-20 1.23 64 22 34 33 
25-30 i.59 63 24 30 25 
35-40 1.79 90 25 39 26 26.5 
45-50 2.08 96 27 36 22 
65-70 2.40 81 29 34 29 
85-90 2.64 82 26 34 27 26.3 

105-110 2.96 78 29 31 26 
125-130 3.08 83 25 31 26 26.2 
145-150 3.40 55 23 29 25 26.1 
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TABLE 3. (Continued) 

Depth, Methane, Ethene, Ethane, Propene, Propane, Sulfate, 
cm #1/1 nl/l nl/l nl/l nl/l mM 

5-10 
15-20 
25-30 
35-40 

45-50 
65-70 
95-100 

125-130 
165-170 

Co•ngStation 7 
0.44 45 13 34 
0.89 64 15 32 
1.38 80 19 32 
1.78 177 20 32 
2.00 64 20 33 
2.47 51 17 28 
2.93 87 20 32 
3.43 49 19 25 
4.13 52 18 30 

CoHngStation 8 
5-10 104 107 39 23 

15-20 232 159 55 53 
25-30 258 102 37 52 
35-40 212 100 31 43 
45-50 194 94 31 43 
65-70 54.9 75 25 32 
85-90 25.7 129 40 60 

105-110 19.4 88 29 39 

CoHng Station 9 
5-10 171 56 14 

15-20 211 ll0 33 
25-30 70.7 99 37 
35-40 17.9 74 29 
45-50 17.0 86 31 
65-70 21.1 80 27 
85-90 20.0 107 32 

105-110 20.1 
125-130 16.9 88 19 

5-10 

15-20 
25-30 

35-40 
45-50 
65-70 
85-90 

105-110 

11 

36 
44 

36 
47 
39 
49 

24 

Cor•g Station 10 
10.1 96 25 31 
13.6 123 36 42 
13.1 99 36 49 
12.3 65 26 28 
13.1 71 25 35 
20.0 101 32 58 
14.8 123 30 53 
16.6 68 20 35 

Coring Station 11 
52 12 
77 22 
65 20 
71 25 

15 

28 

28 
37 

5-10 3.22 

15-20 2.65 
25-30 2.92 
35-40 2.95 

45-50 
65-70 4.15 
85-90 4.96 

105-110 6.01 
125-130 5.74 

2O 
26 
27 
30 
32 
25 
33 
29 

31 

32 
41 

42 

35 
42 
32 

62 

29 

II 

31 
37 

30 
37 
39 
38 

16 

25 
46 
41 
29 
33 

35 
35 
31 

32 
30 
24 

27 

70 19 36 34 
100 27 47 37 
80 26 41 27 
82 25 43 40 

15 II 
23 31 
26 20 
34 28 
24 25 
33 32 

28 25 
40 41 

Co•ng Station 12 
5-10 2.77 60 12 

15-20 1.58 46 14 
25-30 1.64 60 17 
35-40 2.05 68 18 
45-50 1.76 52 15 
65-70 1.96 64 20 
85-90 2.59 60 17 

105-110 2.85 65 20 

27.6 

27.1 

26.3 
25.9 
25.7 

METHANE PROFILES 

Interstitial methane concentrations in sediments along the 
two transects are plotted against sediment depth in Figures 4 
and 5. Stations I-7 (transect i) are shown in Figure 4, and 
Figure 5 contains stations 8-12 (transect II). Concentration 

profiles are positioned on the figures relative to the sea floor 
depth where the cores were taken (dashed lines represent sea 
floor contours). Water depths and distances from shore to the 
stations are written along the axes of the profiles. Concentra- 
tion and sediment depth scales are identical in all profiles. The 
profiles are plotted in this manner to illustrate the influence of 
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water depth on sediment methane concentrations. Methane 
levels are generally higher at nearshore stations and show a 
very discernable maximum within the top 30-40 cm of sedi- 
ment. These profiles indicate that methane is not diffusing 
upward from deeper sulfate-free zones, since there is not an 
increasing methane gradient with depth. Interstitial sulfate in 
the top few meters of these shelf sediments has not been 
significantly depleted (Table 3), and the depth of sulfate dis- 
appearance in this area of the South Texas shelf occurs at least 
several meters below the sediment surface, so methane should 
theoretically not be produced in the surface sulfate-rich sedi- 
ments. 

Water column methane concentrations have been measured 

monthly during the last 2 years in the South Texas shelf area 
[Sackett et al., 1977], and while methane maxima in near- 
bottom waters have been consistently observed in some areas, 
few concentrations above 0.4 ul/l have been observed. There- 
fore methane concentrations in surface sediments as high as 
several hundred microliters per liter cannot be a result of 
diffusion downward from the water column but result rather 

from in situ production. 
That microbial populations are most extensive and physio- 

logically versatile in the top layers of sediment has been known 
for some time [Certes, 1884; Russell, 1892; Drew, 1912; Lloyd, 
1931; Reuszer, 1933; Zobell and Anderson, 1936; Kaplan and 
Rittenburg, 1963]. Wherever vertical profiles of bacterial popu- 
lations have been examined in marine sediments, a progressive 
decrease in the bacterial populations with increasing sediment 
depth has been observed [Zobell, 1946]. The decrease is most 
rapid in the top few centimeters of sediment and generally 
slows, becoming sporadic with increasing depth [Zobell, 1942]. 
The vertical distribution of bacteria in sediments can be di- 

rectly correlated with available organic matter and nutrient 
material. Much of the organic matter of marine sediments 
consists of material which is fairly refractory to bacterial de- 
composition, so changes in total organic matter with sediment 
depth due to microbial activity are seldom observable. The 
surface sediment is subject to a constant rain of organic det- 
ritus, however, including the more labile material which is 
rapidly consumed by bacteria before burial. As available or- 
ganic matter and nutrients disappear with depth in the sedi- 
ment, bacterial populations decrease. 

There are obvious similarities between vertical bacterial dis- 

tributions and the vertical methane profiles of nearshore sta- 
tions illustrated in Figures 4 and 5. The two figures suggest 
that the methanogenic bacteria exist in large numbers near the 
sediment surface and are possibly active inside small micro- 
reducing environments in the sediment where reduction of 
ambient sulfate has occurred. These microniches could take 

the form of fecal pellets, decaying organic matter, shell frag- 
ments, or flocculent clay particules. Methane produced in the 
microenvironments apparently diffuses into the surrounding 
sediment, where it is oxidized by sulfate-reducing bacteria 
[Barnes and Goldberg, 1976; Martens and Berner, 1977], and 
upward into the overlying bottom water, where it is removed 
by advection. 

The shelf stations taken along transects I and II (Figures 4 
and 5) are at similar water depths and distances from shore, so 
if only these factors affect methane concentrations, corre- 
sponding profiles in the two figures should ideally be identical. 
This is not the case, since the profiles along transect I show 
methane increasing upward to the 5- to 10-cm interval, 
whereas the profiles of transect II indicate a methane maxi- 
mum at the 25- to 30-cm interval (concentrations in the 0- to 5- 
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Fig. 3. Locations of cores taken on the Texas continental shelf and 
slope. 

cm interval are unknown). The lack of uniformity in the 
distribution of bacteria among the various sediment types 
observed on the Texas shelf can explain these differences. 
Bacterial distributions are intimately associated with the phys- 
ical consistency and organic content of the sedimentary depos- 
its. In some areas, submarine topography has a greater influ- 
ence on the median particle size and organic content of 
sediments than the depth of water or distance from shore. 
Zobell [ 1946] states that bacterial populations are more closely 
related to the character of the sediments than to their distance 

from land, and, as a rule, sand contains fewer bacteria than 
sediments consisting of smaller particles. The greater abun- 
dance of bacteria found in finer sediments is attributed primar- 
ily to a higher organic content. Although several other inter- 
related factors are involved, the bacteria in the shelf sediments 
of transec{ I I may prefer the sediment type and organic con- 
tent of the deposits at 25-cm depth rather than the sediment 
surface. 

Figures 4 and 5 also illustrate the disappearance of the 
surface methane maximum in cores taken progressively further 
offshore. In Figure 4 the methane maximum decreases signifi- 
cantly at station 4, is barely visible at station 5, and disappears 
at stations 6 and 7. The decrease of the near-surface methane 

with increasing distance from shore can be explained by 
changes in microbial activity rather than changes in popu- 
lations. Bacterial numbers generally decrease outward on the 
Texas continental shelf (J. R. Schwarz, personal communica- 
tion, 1977), although millions of bacteria per gram of sediment 
are still found in sediments several thousands of meters deep, 
so the observed decrease of the methane maximum cannot be 

explained on the basis of bacterial numbers alone. In some 
areas, there are actually more bacteria in sediments from deep 
water, where the temperatures are 3ø-7øC, than in those from 
shallow water, where bottom temperatures are considerably 
higher [Zobell and Anderson, 1936]. The optimum temper- 
atures for the multiplication of marine bacteria range from 20 ø 
to 25øC, but while lower temperatures retard reproduction, 
survival of the bacteria is prolonged. 

Fig. 4. (Opposite) Vertical profiles of interstitial methane (micro- 
liters per liter pore water) along transect I, positioned on the sea floor 
contour. Inset shows the general temperature structure of the area in 
spring. 
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Fig. 5. Vertical profiles of interstitial methane (microliters per liter pore water) along transect II, positioned on the sea 
floor contour. 

General water temperature contours at the study area are 
shown in the inset in Figure 4. These temperatures are repre- 
sentative of late spring but do not change significantly below 
200 m throughout the year. Stations are marked on the inset, 
and surface methane concentrations correlate well with the 

temperature contours. Temperatures below ,-, 15øC beyond the 
shelf break must inhibit microbial activity and methane pro- 
duction to the extent that methane diffuses out of the sediment 
before it can accumulate as it does nearer shore. This con- 

clusion implies that surface methane production in Texas shelf 
sediments might be seasonally influenced. Low temperatures 
nearshore in winter (,-,12øC) could inhibit microbial activity 
and slow methane production. Warming of the sediments in 
the spring and summer, enhanced by increased detrital input 
from phytoplankton blooms and runoff, might accelerate 
methane production in the microenvironments, causing an- 
nual methane oscillations at the tops of nearshore sediments. 

Sediment methane concentrations below the surface max- 
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Fig. 6. Interstitial concentrations (nanoliters per liter pore water) 
of the C2 and Cs hydrocarbons with depth at station 6. 

ima also vary with distance from shore. On the upper conti- 
nental shelf, methane levels in this layer generally ranged from 
15 to 20 •tl/1 pore water and showed no trends with depth in 
the upper 1.5 m of sediment. In the slope region, concentra- 
tions decreased progressively in an offshore direction to less 
than 5 •tl methane per liter pore water, and downward increas- 
ing gradients were observed in the sediment. Higher methane 
concentrations in the shelf region are attributed to greater 
microbial activity in the sediments as a result of higher temper- 
atures and greater amounts of available organic material in 
those sediments than in sediments deposited further offshore. 
The downward increasing methane gradients observed on the 
slope are apparently the result of an equilibrium between 
diminished methane production within microreducing envi- 
ronments, methane oxidation by sulfate-reducing bacteria, 
and diffusion of methane from the top layer of sediment into 
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the overlying water. These observations and conclusions are 
discussed in detail in another report [Bernard, 1978]. 

OTHER LIGHT HYDROCARBON PROFILES 

Interstitial concentrations of ethene, ethane, propene, and 
propane at station 6 are plotted against sediment depth in 
Figure 6. These profiles are representative of the concentra- 
tions measured at the 12 stations and illustrate the behavior of 

the light hydrocarbons in the top 1.5 m of shelf sediment. 
Ethene concentrations fluctuate with depth in the cores, 

whereas ethane, propene, and propane concentrations are rela- 
tively constant. Ethene levels are typically twice as high as 
those of the other gases, but no trends with sediment depth are 
observed. Figure 7 shows average concentrations of the four 
hydrocarbons at transect I stations. The average concentra- 
tions of each of the hydrocarbons are highest nearshore and 
decrease seaward until fairly uniform values are observed in 
the continental slope region (stations 5, 6, and 7). The average 
concentrations along transect II follow the same trend, al- 
though no samples were taken in the slope region for com- 
parison. 

The trends of the C: and Ca hydrocarbons with distance 
from shore (Figure 7) are similar to the behavior of methane 
discussed previously. These patterns suggest that the concen- 
trations of the C: and Ca hydrocarbons in the top few meters of 
shelf and slope sediments are also supported by microbial 
activities. Microbial production of these gases was first dem- 
onstrated by Davis and Squires [1954]. As is true for methane, 
steady state concentrations of the C: and Ca hydrocarbons 
must be controlled by biological oxidation and diffusion into 
the overlying water. 

SUMMARY AND CONCLUSIONS 

Concentrations of light hydrocarbons in the top few meters 
of Texas continental shelf and slope sediments are highest near 
shore and decrease regularly in an offshore direction. Vertical 
methane profiles exhibit maxima in the top 40 cm of sediment 
on the shelf, in contrast to downward increasing gradients in 
the slope region. Ethene concentrations fluctuate with depth in 
sediment cores but show no vertical trends. Ethane, propene, 
and propane concentrations are relatively constant with sedi- 
ment depth throughout the cores, and average concentrations 
of the C:-C3 hydrocarbons decrease seaward to uniform levels 
in the slope region. 

Methane is apparently microbially produced in micro- 
reducing environments and removed by biological oxidation 
and diffusion into the overlying water. Production rates are 
related to microbial activity, organic content, and temperature 
of the sediments. Profiles of C: and C3 hydrocarbons imply 
that background concentrations of these gases are also con- 
trolled by microbial processes. 

Further work needs to be done to substantiate the activity of 
methanogenic and other light-hydrocarbon-producing bac- 
teria in sulfate-rich sediments. Interesting considerations in- 
clude whether populations of methanogenic bacteria follow 
the general vertical microbial distributions and to what extent 
methane and other hydrocarbon gas would be produced in 
deep-sea sediments incubated at shallow water temperatures. 
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