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COMPOSITION OF SEDIMENT HYDROCARBONS REFLECT
VARYING ENVIRONMENTS IN THE SEA-

By E. E. BRAY AND E. D. Evans?
* Socony Mobil Oil Company, Field Research Laboratory, Dallas, Texas

INTRODUCTION

Tag widespread occurrence of mixtures of hydrocarbons in living organisms and in
the organic debris of Recent sediments has been clearly demonstrated. Studies
by Trask and Wa (1930), Smith (1952), Swain and Prokopovitch (1954), Stevens,
Bray and Evans (1956), and Bray and Evans (1961), have shown trace quantities of
hydrocarbons in a wide variety of Recent sediments. Oakwood (1944) isolated
complex mixtures of hydrocarbons representing a wide molecular weight range from
kelp and fresh water algac. Orr and Emery (1956) demonstrated the occurrence
and discussed the distribution of hydrocarbons in basins off the shore of southern
California. In this paper, we present analyses of the heavy saturated hydrocarbons
extracted from Recent sediments of these California offshore basins. These data
are correlated with environmental factors which appear to control composition,

COLLECTION OF SAMPLES

Forty-two samples of Recent sediment were obtained from the California off-
shore basins, Sample sites in the Santa Catalina, San Nicolas, Tanner, West Cortes,
Santa Barbara, Santa Cruz and Santa Monica basins are shown in Fig. 1. Water
depths ranged from 2056 ft. in the Santa Barbara basin to 6405 ft. in the Santa Cruz
basin. The Recent sediments of these basins have been adequately described by
Emery and Rittenberg (1952).

The sediment samples were obtained by use of an open barrel gravity coring
tool which penetrated the sediments to depths of three meters in some cases. Jn
situ depths for the samples were assigned after correction for core shortening caused
by downbowing and thinning of the sediment layers just ahead of the tip of the core
barrel peneirating the sediment. Laboratory and fiekl experiments by Emery and
Dietz (1941) showed that all layers of sediment which are penetrated by open batrel
coring devices are represented in the core in thinned form. Total penetration was
estimated from the position of the mud line outside the core barrel. Core lengths
averaged 51% of the penetration. After recovery from the coring tool, the samples
were immediately sealed in clean cans and quickly frozen to insure against microbial
alteration of the organic material.

2 Socony Mobil Qil Company, Field Research Laboratory, Dallas, Texas.
... The writers are indebted to K. O. Emery of University of Southern California for helpful
criticism of the manuscript and for supplying a sample of plankton.
nks are also due to William H, Thomas, Jr. and his associates at Scripps Institute of
Qceanography for supplying a sample of plankton, :
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ANALYTICAL PROCEDURES AND DATA

Radiocarbon Dating ,

Radiocarbon ages of the sediment samples were extrapolated from ‘age vs.
depth *«curves for cores from the sample sites or from nearby sites. Radiocarbon
dates for these cores were listed by Bray and Burke (1960). These dates verify the
Recent age of the sediment samples. The method of dating has been deseribed by
Burke and Meinschein (1955).

Total Organic Carbon
Total organic carbon in the basin muds was determined by a modification of

the chromic acid reduction method as described by Purvis and Higson (1939). An =

organic factor of 1.7 was applied to the total organic carbon content to estimate the
quantities of total organic matter in the sediments for use in Table II,

Extraction of Hydrocarbons from Sediments

~ The procedures uSed for extraction of the sediments have been described pre-
viously by Stevens, et af (1956) and also by Meinschein and Kenny (1957), The
samples were thawed and then rapidly air dried at about 40°C. Extraction was
accomplished by ball-milling the dried sediment in the presence of a solvent mixture
of ten parts benzene and one part methanol. Duplicate samples which were vacuum
dried yielded similar amounts of hydrocarbons indicating that air drying at 40°C
did not appreciably oxidize the hydrocarbons. The extraction time was extended
until no additional hydrocarbons were recovered. This was considered to indicate
complete extraction of the hydrocarbons. After extraction, the solvent was removed
from the organic extract by forced evaporation to constant weight using a stream of
filtered air at 40°C. This step had the further effect of stabilizing the extract residues
by removing the more volatile constituents in a reproducible manner retaining the
saturate hydrocarbons having eighteen or more carbon atoms per molecule.

Isolation of Saturated Hydrocarbons

Saturated hydrocarbons were recovered from the stabilized residues of sedi-
ment extracts by use of elution chromatography, The methods and reagents used
have been described by Evans, ef al (1957). The residues of sediment extracts were
dissolved in n-heptane and placed on activated silica gel columns pre-wet with n-
heptane. Additional aliquots of n-heptane were then passed through the columns
followed by aliquots of carbon tetrachloride. The resulting saturated hydrocarbon
eluates were recovered from the n-heptane aliquots by blowing away the eluent with
filtered air at 40°C. Elemental, infra-red, ultraviolet and mass spectrometric analyses
of the n-heptane eluates from the silica gel columns confirmed the purity of the
saturated hydrocarbons. The carbon tetrachloride aliquots contained only small
quantities of saturated hydrocarbons, indicating that nearly all (95 %) of the saturate
hydrocarbon was recovered in the heptane,

Analyses of Saturated Hydrocarbons

The saturated hydrocarbon types were determined from mass spectra. These
data were obtained with a Consolidated Electrodynamics Corporation Model 21-103
mass spectrometer modified for use with high molecular weight compounds as des-
cribed by O’Neal and Wier (1951). The mass spectral data were used to obtain
hydrocarbon type analyses as described by Clerk, et al (1955). By use of these -
analyses, the percentages of alkanes, non-condensed cycloalkanes and condensed
cycloalkanes were computed. These hydrocarbon types are illustrated in Fig. 2.
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The analysés include a much larger variety of structures than shown for each of
the hydrocarbon types, In both our data and that presented by Clerk, et a/, analyses
of pure saturated hydrocarbon mixtures were consistently in error by indicating
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Fig. 2. Hydrocarbon Types from Mass Spectrometric Analysis.

38

small amounts of monoaromatics and naphthalenes. Since ultraviolet spectra con-
sistently showed the absence of aromatics and naphthalenes in the saturated hydro-
carbon fractions, type analyses of these fractions were normalized to 1009/ to ex-
clude monoaromatics and naphthalenes. Analyses of known mixtures -of saturated
hydrocarbon types have shown on the average an accuracy of 95 r the type
analyses used in this pagacr. This is consistent with the findings 8KClerc, et al.
Reproducibility of data determined by 98 repeated analyses of a single sample over
a period of 28 years shows deviations from the mean analysis of =t 1 percent for )
condensed cycloalkanes (CCA) and == 2 percent for both alkanes (Alk) and non-
. condensed cycloalkanes (NCCA).

The ty?e analyses of saturated hydrocarbons extracted from Recent sediments
of the California offshore basins are shown in Table L.
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DISCUSSION OF DATA

The data of Table I show that each basin has within limits its own characteris~
tic mixture of alkane and naphthene hydrocarbons. For example, Fig. 3 shows
graphically that root mean square deviations of percent alkanes for all examples
within the basins are only a fraction of the differences in average composition bet-
ween basins. These characteristic mixtures are further illustrate d by the triangular
plots of Fig. 4 which show the relative amounts of the three hydrocarbon types :
alkanes (Alk), non-condensed cycloalkanes (NCCA), and condensed cycloalkanes
(CCA). The saturated hydrocarbon composition is approximately uniform from
near the sediment surface down to depths of 3 meters and horizontally within the
confines of the individual basin, There is, however, considerable variation in hydro-
carbon composition when comparing the hydrocarbons in the sediments of one
basin to those of another. This is illustrated, for example, by the differences bet-
ween the Santa Catalina and Santa Barbara basins shown in Table I and Fig. 3.
The Santa Barbara saturated hydrocarbons are characterized by almost complete
absence of alkanes and a high percentage of condensed cyclics. In contrast, the
Santa Catalina basin saturated hydrocarbons contain up to 307 alkanes.

SANTA BARBARA| ih

BASIN 1
SANTA MONICA |
BASIN 1
SANTA CRUZ |
BASIN
SAN NICOLAS
BASIN : *
TANNER
BASIN 1 ‘J

WEST CORTES | i
BASIN |

SANTA CATALINA! ‘
BASIN ! _ ’ *
o 5 10 18 20 25
PERCENT ALKANE :

Fig. 3. Mean values of percent Alkane in Saturated Hydrocarbons for each of the Basins
(Heavy Horizontal Bar Designates the Root mean square deviation).

A major part of the organic material in these basin muds may have been pro-
duced in the near-surface waters. Although some of this organic matter was prob-
abl} derived from terrestial organic material carried with the detrital sediments,
C*'3 isotopic abundances indicate that the predominate part is of marine origin.
Eckelmann, ef al, 1961, concluded that the total organic matter associated with
Recent margiilsediments has a C**/C!? ratio deviating from the carbonate standard
by approxinigsely — 21 %, whilethatof recently deposited deltaic sediments is approxi-
mately—28%,. Sackett and Thompson, 1961, reached similar conclusions using
a different group of samples. Emery, 1961, p. 290, reported C**/C'? ratios on
organic material from sediments in these California offshore basins which ranged
from—204%, to—23.3%,. These C*3/C'? ratios indicate that the source for the
organic material is predominantly marine ; or that if appreciable quantities of ter-
restial organic material are involved, these materials have been drastically re-worked
in the marine environments. - s
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- The marine organic material produced in near-surface water later falls to the
basin floors. Degradation and re-working of the organic material probably begins
near the surface and occurs throughout this journey. Because of a possible relation
to this near-surface environment, published characteristics of near-surface waters
were examined in relation to the composition of hydro-carbons in the sediments
on the basin floors. The percentages of CCA distinguish the Santa Barbara, Santa
Cruz and Santa Monica basins as a group from the other basins which have a rela-
tively uniform but lower CCA content (Fig. 4). Ocean water properties published
by Emery (1960, pp. 97-101) show that the Santa Barbara, Santa Cruz jand Santa

ALKANE
100%,

o YAVARANANANA G iV

CONDENSED
CYCLOALKANES

100%

Fig. 4. Relative amounts of three Saturated Hydrocarbon types in recent sediments
compared for seven occan Basins off Southern California. Polygons represent maximum spread
in percentage for each of the three Hydrocarbon Types.

00%

Monica basins lie in an area that has the coldest surface water. This water is con-
fined to an area extending roughly from Point Conception. lyin]isto the northwest
of Santa Barbara basin to Santa Cruz Island and to San Nicolas Island (Fig. 1).
Emery also shows that the near-surface water in this same area is characterized by
slightly higher salinities and much higher concentrations of nutrients which result .
in much greater production of organic material. The geographical variation of
surface water characteristics indicates the existence of currents and an upwelling
from depth to supply the nuirients. By use of published data, Emery (1960) has
shown that currents from this area flow southeastward parallel to the coast. This
causes near-surface waters from the Santa Barbara and Santa Cruz basins to move
" through the: Santa Monica basin, thereby providing the three basins with similar
near-surface water. The near uniform CCA content crosses basin boundaries and
seems to correspond to this aréa of surface water with properties controlled by ocean
currents, This correlation indicates that the hydrocarbon composition may be
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controlled in part by environmental factors in shallow water above basin sills in the
growth zone where the organic material is produced and degradation begins.

Environmental factors associated with the individual basins may also affect
the composition of hydrocarbons in the basin muds. This is suggested by variations
in percentage alkane from one basin to the next (Table I, Fig. 3, Fig. 4). Water
properties providing unique basin environments are likely to be found below the
basin sills because water above the sill is free to move from one basin to the next,
Organic matter produced in surface waters later falls through the water columa to
the basin floor. Throughout this journcy and even after burial this organic matter
is subject to biological attack which destroys the greater fraction. Emery (1960
pp. 177-179) states that about 7% of the produced organic matter reaches the
bottom in deep water, but only about 0.6 % is permanently lost to the sedimenis. -
Degradation of the organic matter during the first few meters of burial appears not
to have altered appreciably the composition of the saturate hydrocarbons since
composition is nearly uniform with depth (Table I}. There should be ample oppor-
tunity for environmental factors in the water below sill level to influence the severe
degradation of organic material as it falls through the water. Emery (1960, pp. 107-
108) also indicated that the water in each basin below. the sill has its own unique
properties of salinity, temperature, oxygen content, etc. which are controlled by
the depth of the sill. These basin water properties are controlled by the conditions
in the open sea at sill depth and can be uniform for long periods of time. This sug-
gests that the hydrocarbon composition in the basin sediments may be related in a
complex way to depth of basin sill. Although possibly fortuitous, an indication
of such a relationship is shown in Fig. 5§ where average percent alkane in the satu-
rated hydrocarbons for each basin is plotted against the maximum basin sill depths
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Fig. 5. Relationship of percent Alkane in Saturated Hydrocarbons to maximum-

sill depth.

obtained from Emery (1960, p. 108). The percentage of alkanes delineates the two
major groups of basins previously selected by percentages of CCA to correspond
with ocean currents in the near-surface waters. In addition to this, the paraffins
within the two groups of basins seem to be related to depth of basin sill. The only
exception to the suggested relationship is the Santa Catalina basin which contains
too much alkane, : o
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Tabie I
Saturated Hydrocarbons from Pacific Basin Samples

Percentages ogl;lydrmrbon !
Site and Depth Saturated Types in Satura
in Sediment Hydrocarbon Hydrocarbons Eﬁaﬁ:{m
(Meters) Hgm/gmg Carbon (vears BP) +
Alkanes l NOCA‘- CCA". |
Santa Barbara Basin i :
Site F 0.20-0.82 72 0.0 4.1 55.9 2700 + 150
Site F 0.82-1.25 77 0.0 44.0 56.0 3000 + 300
Site F 1.25-1.85 . 72 0.3 44.2 $5.5 3300 + 300
Site G .33-1-34 52 1.8 44.9 533 3100 + 300
Site G 1.34-2,01 70 0.0 44.7 55.3 4100 = 300
Site G 2.01-3.01 61 0.7 4.7 54.6 5200 + 300
Site H 0.24-0.97 71 0.8 45.8 534 2750 = 200
Site H 0.97-2,68 76 1.1 45.6 533 4175 = 200
Site T 0.0 ~1.22 85 0.2 45.2 54.6 2450 £ 200
Site T 1.22-2.44 52 0.5 48.0 51.5 3900 = 200
Average 69. Q.S 45.1 -54.3
RMS Deviation *.5 %11 14
Santa Monica Basin
Site L1 .00- .91 50 6.2 38.6 55.2 2800 + $00
Site L1 0.91-1.82 29 5.1 38.3 56.6 5800 = %500
Sita L2 0.0 -0.01 78 4.7 38.9 56.4
Site L2 0.91-1.82 64 5.1 38.3 56.6
Average 35 5.2 38.5 56.2

RMS Deviation +.5 %.2 & .6
Santa Cruz Basin )
Site 1 0.0 -1.11 15 11.7 414 46.8 4100 = 200
SiteI 1.11-2.74 16 102 41.5 48.3 9100 + 400
Site J2-0.30-1.52 10 9.0 39.2 518 3800 « 500
Site J2-1.52-2,74 11 7.9 39.1 §3.0 7800 = 300
Sites 1JK-0.30-1.52 2 9.3 39.5 51.0
Sites K-1.52-2.74 i4 8.6 39.2 52.2

Average 13 9.5 40.0 50.6
RMS Deviation 1.2 +1.0 +2.3
Sar Nicolas Basin
Site B1 0.00-0.61 14 17.0 47.0 36.0 4500 + 300
Site B1 0.61-1,22 16 16.8 44,6 38.6 9600 £ 500
Site B1 1.22-2.83 15 6.5 45,9 376 20000 = 1500
Site BS 0.00-0,91 17 17.2 41,7 41.1 §600 = 200
Sites CD 0.00-1.22 18 15.6 4.8 39.5

Average 16 16.5 4.2 39.1
RMS Deviation +.5 x1.7 %1.6

per gram of dry sediment, ~ P

* Micrograms
s+ Noncondensed cycloalkanes,
»¢+ Condersed cycloalkanes
+ Years before presant.

2
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. Percentages ofsi{ydroc;rbon
Siteand Depth | Saturated “Types in Saturate Radiocarbon Age of
in Sediment Hydrocarbon Hydrocarbons [Total Organic Carbon
(Meters) Hegm/am : (ycars BP)
Alkanes | NCCA CCA &

Tanner Basin I : :
Site El 0.24-0.49 9 - 187 - 430 38.3 6200 % 200
Site E1 0.49-0.98 8 20.3 41.0 38.7 Y
Site Et 0.98-1.46 8 19.6 42.1 383 9000 + 400
Site E2 0.24-1.46 6 187 4.7 40.6 8600 = 300

Average 8 19.3 417 39.0
RMS Deviation &5 £9 9
West Cortes Basin
Site M 0.34-1.61 w23 21.3 39.1 39.6 " 9000 + 400
Site M 1.61-2.81 10 4.1 37.9 38.0 16000 « 600
Site N 0.00-1.34 15 18.9 43.4 377 195060 = 500
Site N 1.34-2.86 13 20.4 39.0 40.6 :

Average . 15 21.2 39.8 |. 390
RMS Deviation £1.8 £1.9 %1.1
Santa Catalina Basin
Site A 0.15-0.76 12 23.6 371 39.1 3500 = 300
Site A 0.76-1.52 . 11 23.6 37.0 39.4 6000 + 450
Site A 1,52-3.05 12 28.9 35.0 36.1 10000 = 3500
Site A4-0.15-0.6! 1 23.5 36.5 40.0 4100 = 300
Site A4-0.61-1.10 10 24.5 38.0 37.8 6800 £ 300
Site A4-1.10-1.52 15 23.1 37.2 39.7 9200 + 500
Site Ad-1.52-2.10 11 26.5 35.8 37.7 11100 + 600
Site A4-2.25-3.05 12 30.0 34.6 354 14000 = 700

Average 12 25.5 364 38.1
RMS Deviation +2.2 £ 1.1 £1.5

Some of the hydrocarbons in the basin muds may be derived from the detrital
sediments. Soils and older outcropping rocks which are sources for detrital sedi-
ments contain appreciable quantities of hydrocarbons dispersed in organic material
on the mineral surfaces (Hunt 1961, Stevens 1956), Emery (1960, pp. 238-240)
has considered sources and modes of transport for the detrital sediments in the off-
shore basins., Using estimated quantities of sediments from the various possible
sources and measured rates of deposition in the basins to effect a material balance,
he concluded that streams from the land contributed by far the greatest quantity of
normal detrital sediments. With the exceptions of the San Pedro and Santa Monica
basins, the shapes of basin floors led Emery to suggest that the most important mode
of transportation of these sediments through the ocean waters is ‘ a sort of diffusion
action ’. . In the San Pedro and Santa Monica basins he observed that-turbidity
currents had contributed strongly to sediment transport. Detrital sediments in

_the Santa Barbara, Santa Cruz and Santa Monica basins are likely from different
sources on the continent (Fig. 1) and are deposited by widely different modes of
transportation (turbidity current and diffusion). In spite of these differences the
hydrocarbon mixtures in these basins are mote similar to one another than to any
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of the other basins. This abservation plus the observed variations in hydrocarbon
composition among the farther offshore basins shows that hydrocarbon composition
is not controlled by source or mode of transporation of detrital sediments. The
other basins, being farther offshore, contain prominent fractions of detrital sedi-
ments from the continent which have passed across the near-shore Santa Barbara
and Santa Monica basins.,

The severe degradation and destruction of the organic material during its descent
in the water and later on the sea floor has suggested the possibility of selected sur-
vival to account for differences of composition in the different basins. This is fur-
ther suggested by a tendency for increased percentages of the chemically more stable
alkanes in the offshore basins. In these basins there is greater opportunity for
oxidation of hydrocarbons of all types due to lower rates of deposition and to longer
time of fall in deeper water having higher oxygen content (Table iI). However,
there is reason to doubt a straightforward relationship of this type. Although
alkanes are more stable chemically, it does not necessarily follow that they are more
resistant to biological attack than the other hydrocarbons. Davis (1956) and
Dostalek, et af (1956) have shown that alkane structures in petroleum are preferen-
tially attacked by micro-organisms under acrobic conditions. Although this may
not necessarily be true for anaerobic marine environments, the point is made that
chemical stability does not necessarily control the composition.

TaeLe TI . .

Alkane Hydrocarbons, rate of deposition and Oxygen content in California offshore basins

.’; s

; Percent Alkanes in ! Rate of Depos.(1) Oxygen(2
Basin ‘ Saturated Hydrocarbon ; cm/1000 years l¥l?7L .
Santa Barbara 0.5 114 0.1(3)
Santa Monica 52 92 2
Santa Cruz 9.5 39 8
Santa Catalina 25.5 29 4
San Nicolas 16.5 17 5
Tanner 19.3 31 .6
West Cortes 21.2 12 9

(1) From Emery and Bray, 1962,
(2) From Emery, 1960, p. 108,
¢3) Communication with K. 0. Emery, October, 1961.

Comparison of the organic material in the basin muds with the compesition
of plankton, which is presumably the mother material, suggests a partial answer to
the selected survival question. The organic material dispersed in the basin muds
contains approximately the same fraction of saturated hydrocarbons as does the
plankton organic material (Table III). These data indicate that saturated hydro-
carbons may be as severely degraded and re-worked as the total organic material.
This alone does not eliminate the possibility of composition control by mere selec-
tive survival. - However, plankton are shown in Table IV to contain saturated hydro-
carbons with alkane percentages equal to or greater than the higher alkane values
found in the muds. If these plankton are assumed to be representative, a mere
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TasLe III
Percentage of Saturated Hydrocarbons in the Organic matter dispersed in the Basin muds and in
Plankton
J
S | Percent Heavy Saturated
Hydrocarbon in Total
Lab.x Sample Descriptions l Organic Material
936 Plankton 046
(From Biscayne Bay, 1955)
B42 ‘ Plankton 034
{From San Diego Trough Area, 1961)
196 i Plankton .048
! {From Pacific, 1956)
J163-G } Santa Barbara Basin Sediment 085
Ji63-1 Santa Cruz Basin Sediment [ 023
J163-B l $an Nicolas Basin Sediment | 021
|
. TABLE IV
Saturated Hydrocarbons from Plankton
Sample
. Percent Alkanes in the
Saturated Hydrocarbons
Lab.x Sample Descriptions
196 Plankton (from Scripps) ' 23
B42 Plankton from San Dicgo Trough 22
936 Plankton from Biscayne Bay 11I(1)

(1) n-parafiins {total alkane not determined).

selective survival of alkanes cannot account for the observed variations in the alkane
content of the hydrocarbons from the basin muds. If the samples of plankton
are not representative of that in basin surface waters, regional varation in produc-
tivity is implied. Regardless of whether the cause be regional variation in produc-
tivity, selective survival, degradation of organic material and production of new
hydrocarbons during deposition, or combinations of these, the composition of these
sediment hydrocarbons seem to be influenced by varying environments in the sea.

Environmental control of structural composition of the hydrocarbons in the
basin muds suggests that environment may also influence the structural composition
of the rest of the organic matter initially deposited with the sediments. Studies of
the bio-chemical and environmental control of this structural composition could
contribute to the understanding of petroleum origin. Initial structure may deter-
mine if diagenesis of organic material during burial and compaction is to form
petroleum later. :
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CONCLUSIONS

Saturated hydrocarbons in the ocean muds of the California offshore basins
vary abruptly in composition from one basin to the next, However, the composition
is relatively uniform to depths of three meters and laterally within the confines of
single basins. The nearly invariant composition of these hydrocarbons with depth
shows that the degradation or biological re-working of the organic material within
the first few thousand years after burial does not change the saturated hydrocarbon
compaosition. .

Both the environments in the near-surface water where the organic material is
produced and degradation begins and the below basin sill environments where addi-
tional alteration of the produced organic material occurs seem to influence in some
complex way the structural composition of hydrocarbons in the sediments. Near-
surface water characteristics appear to influence the percentage of condensed cycloal-
kanes. Sill depth, which controls the properties of basin water below the sill, pro-
duces an effect on the percentage of alkanes.

Considerable research effort is needed to understand the bio-chemistry and
environmental control of structural composition of organic matter initially deposited
with the sediments. This knowledge could be fundamental in understanding pet-
roleum origin. Initial structure may determine if diagenesis of organic material
during burial and compaction is to form petroleum later.

SUMMARY

Hydrocarbon type analyses yielding amounts of atkanes, non-condensed cycloal-
kanes, and condensed cycloalkanes have been obtained on extracts of Recent marine
sediments, Saturated hydrocarbons in the ocean muds of some California offshore
basins vary abruptly in composition fiom one basin to the next. However, within
a single basin the composition is relatively uniform laterally and to depths of three
meters in the sediment. Among the complex array of environmental factors which
may control the composition of the hydrocarbons in these basin muds, the near-
surface water characteristics and sifl depth, which controls the properties of basin
water below the sill, appear to be dominant.
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