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The Rajang River and its delta accumulate siliciclastic sed-
iments and dispersed organic matter within river and tidal
channels as rhythmically stratified sand, silt, and organic
drapes. These deposits were vibracored and subsampled,
resulting in a data set composed of 84 samples taken from
45 cores. Palynofacies preparations of this sediment facies
were examined from throughout the alluvial valley and del-
ta to determine if a single organic matter assemblage char-
acterized these deposits. An underlying assumption of pa-
lynofacies analyses in ancient transitional settings is that
each lithofacies or depositional environment is character-
ized by a specific organic matter (OM) assemblage. This
specific hypothesis is not supported by the present investi-
gation. However, the present investigation has demonstrated
that the resultant dispersed OM assemblages within a sin-
gle sediment facies is heavily influenced by the geochemistry
of the system.

Three distinct palynofacies assemblages in this data set
have been identified using nonparametric and multivariate
statistical analyses. One assemblage, characterized by high
amounts of Heterogenous and Homogenous (mainly dam-
mar) Unstructured OM, moderate amounts of Structured
OM and Finely Dispersed Unstructured OM, and low
amounts of Black Indeterminate OM, is restricted to depo-
sitional sites that are principally found in freshwater set-
tings. The second assemblage, characterized by the highest
quantities of Heterogenous Unstructured OM and Indeter-
minate Black and the least amount of Finely Dispersed Un-
structured OM, is found in channels of the lower delta
plain. The distribution of this palynofacies assemblage con-
forms to the limit of saline influence during the wet season.
The third group, characterized by the highest quantitative
amount of Finely Dispersed Unstructured OM, is found ei-
ther in barforms or in black-water tidal channels that are
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sediment starved. These results indicate that OM assem-
blages preserved in a single sediment facies characteristic
of transiiional zones vary in response to the abiotic process-
es operating within the system.

INTRODUCTION

The composition of dispersed organic matter assem-
blages, or palynofacies (sensu Combaz, 1964, ‘palynolitho-
facies’ sensu Traverse, 1994), in terrestrial and marine
strata has been used with varying success as an aid in
identifying ancient environments of deposition. This ap-
proach has been applied to Carboniferous (Van der Laar
and Fermont, 1990; Highton et al., 1991), Jurassic (Van
der Zwan, 1990; Gorin and Feist-Burkhardt, 1990), Cre-
taceous (Paisley and others, 1991; Habib and others,
1994), and Tertiary (Boulter and Riddick, 1986; Lenoir
and Hart, 1988; Poumot, 1989; Pasley and Hazel, 1990;
Oboh, 1992) strata. Few studies, though, have been con-
ducted in modern environments to determine either the
degree of validity of the ancient recognized patterns (Lor-
ente, 1990; Van Waveren, 1989a, 1989b; Van Wavern and
Vischer, 1994; Caratini, 1994; Hart, 1994) or assemblage
variability inherent in any particular depositional setting.
An underlying assumption to the applicability of the tech-
nique has been that each depositional environment, or
lithofacies representative of that regime, has one unique
organic matter assemblage that is distinct from other con-
temporaneous settings. The present investigation was de-
signed to test this hypothesis in a modern deltaic setting,
the Rajang River delta, Sarawak, East Malaysia.

The Rajang River delta is a peat-accumulating coastal-
deltaic system located in an embayment formed by the
folded Mesozoic and Cenozoic strata of the Central Borneo
Massif on the western coast of Borneo (Staub and Esterle,
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FIGURE 1—Locality map of southeast Asia depicting the position of the Rajang River in Sarawak, East Malaysia. Enlargment of the Rajang
River, the delta, and distributary channels. Locations of vibracores used in this investigation are plotted in addition to the distribution of
palynofacies groups as determined by multivariate analyses (see Figure 6). Scale is in km.

1993; Staub and Esterle, 1994). The delta covers an area of
6500 km? and is divided into an “abandoned” tidally
flushed delta plain, and an actively accreting rectilinear
delta/coastal plain (Staub and Esterle, 1993; Staub et al.,
submitted). The Rajang River cuts a relatively straight
path westward after emerging from the upland area, and
is flanked by an alluvial floodplain that covers approxi-
mately 400 km?2. The river begins to bifurcate in a 180° pat-
tern beginning at the approximate position of Sibu (Fig. 1),
resulting in five main distributary channels. The Rajang,
Belawai, and Paloh are found in the tidally flushed delta
plain, whereas the Igan and Lassa are located in the ac-
tively accreting delta plain.

The delta and alluvial valley are affected by semidirun-
al tides that range from meso- to macro-tidal amplitudes,
increasing in range from northeast to southwest. The ef-
fect of the tidal prism extends 120 km inland, to the ap-
proximate position of Kanowit. Winds and waves from the
northeast monsoon dominate from December to March
and from the southwest monsoon during the middle

months of the year. Other physiographic data are avail-
able in Staub and Esterle (1993) and Staub et al., (submit-
ted).

Tropical vegetation covers all available sites of coloni-
zation and provides biomass to accumulating sediments.
Riparian vegetation in the distal reaches is composed of
marine to brackish water-fed mangroves (Rhizophora, Av-
icennia, Sonneratia) and Nipa; the proximal parts of the
delta are fringed by dipterocarp forests and cultivated
lands (Scott, 1985). Peat swamp forests occur adjacent to
riparian vegetation and are dominated by dipterocarps
(Anderson and Miiller, 1975) in which several ecological
catenas have been identified (Anderson, 1961, 1983). Peat
deposits greater than 1 m thick cover about 50% of the del-
ta plain surface, 80% of the adjacent coastal plain, and
75% of the alluvial valley. The maximum peat thicknesses
are in excess of 20 m, with all peats having accumulated
within the past 7000 to 7500 years (Staub and Esterle,
1994).

River and tidal channels, and some rooted sediments
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FIGURE 2—Photograph of vibracore 73 iflustrating the rhythmically
stratified sand, silt and organic drapes. Scale is in centimeters.

underlying peat deposits, are characterized by a single
sediment facies comprised of interbedded sand (olive gray
5Y4/1 to dusky yellow 10YR2/2; Goddard et al., 1980), silt
{olive 5Y4/1 to light 5Y6/2 gray) and organic detritus
{black) that show rhythmic heterolithic stratification
(Staub et al., 1994, submitted; Fig. 2). Individual beds
range from a few millimeters to centimeters in thickness
and reflect the influence of tidal activity at a particular
site within the river system. Conformable or disconforma-
ble reactivation surfaces may be present in many of the
rhythmically bedded sediments, and bioturbation is often
encountered where there is marine influence. Bioturba-
tion may be found as complete homogenization of sedi-
ment or as isolated cylindrical, centimeter-scale back-
filled burrows that are horizontal to subvertical. The pres-
ence of this facies from as far inland as Kanowit to the dis-
tal parts of the delta provides an opportunity to assess
whether or not a single, distinct palynofacies assemblage
characterizes this rhythmic sediment and, hence, can be
used to interpret similar fluvio-deltaic channel settings in
the rock record.

METHODOLOGY

Eighty vibracores were recavered from across the Ra-
jang River delta and within river deposits of the alluvial
valley during two field seasons in 1992 and 1993. Vibra-
cores, ranging from less than 3 meters to greater than 7
meters in length, were recovered from all sedimentary en-
vironments, including a variety of barforms in fluvial- and
tidal-dominated river channels (including black-water
channels), ombrogenous peat swamps and their underly-

ing soils, distributary mouth bars and beaches. Represen-
tative sediment samples (1.5 cm wide, 1.2 cm thick, cover-
ing a 5-15 cm interval) were collected from all facies from
each vibracore for grain-size (conducted at Southern Iili-
nois University @ Carbondale; Staub et al., submitted)
and palynofacies (conducted at Auburn University) anal-
yses. Palynofacies preparations of the rhythmically strat-
ified sand, silt, and organic matter were made according to
standardized procedures (see: Lorente and Ran, 1991).
Eighty four (84) samples from forty five (45) cores distrib-
uted in the Rajang River and throughout the delta plain
were processed and examined. To minimize the bias be-
tween samples, a quantity of sediment equal to the dis-
placement in water of 1.5 ml was processed. Two glycerine
jelly strew mounts were made from each sample residue.
Slides and labelled residues, stored in methanol, are
housed at Auburn University.

Three hundred (300) phytoclasts per sample were point
counted nsing a Swift Automatic Point Count Stage (Mod-
el F 415C, set at a ¥; mm advance) mounted on a Zeiss Ax-
ioskop equipped with epifluorescence (propagating 420
pm wavelength). Phytoclasts were assessed using a 40X
Plan Neofluor objective. An individual phytoclast was
counted if it occurred directly beneath the center cross
hairs of the ocular. A Dolan-Jenner Fiber-Lite (Series 180)
was used. to assess opaque clasts. Phytoclast classification
followed that as adopted by the 3rd Amsterdam Palyno-
logical Crganic Matter Classification Workshop held in
Cocodrie, Louisiana, in November 1993 (see: Lorente and
Ran, 1991; Fig. 3). This is a multi-level classification
scheme that was developed to accommodate all approach-
es of palynological organic matter investigations, from the
most basic (transmitted white light only) to the advanced
(epifluorescence and reflected white light). Four principal
OM categories are recognized: (1) Structured OM includes
all non-palynomorph particles with structure, and/or
shape, that reflects tissue organization; (2) Palynomorph
OM constitutes the resistant phytoclasts that form the ba-
sis of traditional palynology (see Traverse, 1988); (3) Un-
structured OM includes all particles that have form but
lack cellular structure; and (4) Indeterminate OM that en-
compasses residual particles, that reflect nothing about
their origin in transmitted light, and can be described us-
ing a color scale.

To determine whether or not palynofacies assemblages
in core samples of the rhythmically bedded, heterolithic
sediment facies differed throughout the area, data were
analyzed based upon different physiographic and geomor-
phological categories (Fig. 4). Palynofacies assemblages
were compared between depositional sites within (1)
meso- and macrotidal influences (Fig. 4A) and (2) exclu-
sively frashwater, brackish-influenced (salinities ranging
from <1 ppt to 29 ppt; unpublished data from field notes
22 July-10 August 1992), river mouth (ranging from <1
ppt to 32 ppt), and beach (>27 ppt) settings (Fig. 4B). Pa-
lynofacies agsemblages were also compared between iden-
tified environments of deposition (Fig. 4C; Staub and Es-
terle, 1993) and barforms within these settings (Fig. 4D).

All samples from a single core were tested to determine
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FIGURE 3—Phytoclast classification as adopted by the 3rd Amsterdam Palynological Organic Matter Classification Workshop held in Cocodrie,
La. (November 1993). The classification scheme is designed for use by investigators that may have access to one (basic transmitted white
light) or more of the three light sources needed to conduct palynofacies analysis, as illustrated in the broken triangle.

if their origin from the same population was supported
statistically. It was believed that phytoclast categories
were normally distributed in the sample population and
statistically evaluated using the t-test and ANOVA (Feng,
1994). Subsequently, it was determined that these data do
not conform to a normalized distribution and have been
analyzed herein using the nonparametric Mann-Whitney
U-test (StatMost v. 2.50; P = 0.05). Where the number of
samples in any group was less than 8, the U-value was cal-
culated and used with the tables published by Siegel
(1956) to determine the probability of association. The pa-
Iymodebris categories used for these analyses included the
Total Structured OM (cuticle/epidermis, other plant parts,
fungal hyphae, and indeterminate), Total Palynological
(spores/pollen, fungal spores, and algae), Total Unstruc-
tured OM and its component categories (Heterogenous,
Homogenous, and Fine Dispersed), and Indeterminate.
Multivariate statistical analyses have been applied to
the data in order to identify groups of palynodebris types
and samples. In these analyses, the individual palynode-
bris categories identified in the analyses (cited above)
were used rather than the composite data (such as Total
SOM). Principal Component Analysis (PCA) was used as
an ordination technique to determine if a continuum of
one or more dimensions existed in the seemingly homoge-
nous data set. Data were log-transformed to reduce skew-
ness. Cluster Analysis (MVSP Plus v. 2.0; Kovach, 1990)
was used to divide the core data into discrete groups that
differ in some meaningful way. The Spearman rank-order
correlation coefficient, a non-parametric statistic, was
used to calculate the coefficient (similarity) matrix. Data
were entered randomly to avoid any potential bias in the
calculations and an agglomerative clustering technique

was employed (Kovach, 1988). In this technique all of the
data are originally separate. The algorithm scans the sim-
ilarity matrix for the most similar objects, combines these
into a group, and then recalculates the similarity between
the new group and all other groups or objects. Group sim-
ilarities calculated from the similary matrix utilized the
Unweighted Pair Group Average (UPGMA) parameter us-
ing the Average-Linkage method. Results of the cluster
analyses are presented as dendrograms.

RESULTS

Eighty four (84) samples from forty five (45) cores were
point counted. Identified palynodebris included Struc-
tured (woody, cuticle/epidermis, fungal hyphae, and other
plant parts), Palynomorph (pollen & spores, fungal spores,
algae, and foraminiferal test linings), Unstructured (ho-
mogenous, heterogenous, and fine-dispersed), and Inde-
terminate (black) organic matter (OM; Fig. 5).

Structured OM is the second most abundant phytoclast
category in the samples (X = 14.1% = 5.2% [5.9-33.2%)),
exhibiting a wide variety of colors and preservational
states. Structured OM clasts range in coloration from light
to yellowish tan to dark brown, and are generally fluores-
cent. Cell walls may be thick (in the case of endodermis) or
thin (epidermis) depending upon the histology of the orig-
inal particle, and the cell structure may range from par-
tially to well-preserved. Where degradation has proceed-
ed, cell walls often can be identified in seemingly unstruc-
tured clasts using fluorescence. Other plant parts are the
most commonly encountered SOM, whereas woody phyto-
clasts are rare in the preparations. Fungal hyphae are the
second most abundant type of SOM, characterized by an
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FIGURE 4—Subdivisions of the data set used in the Mann-Whitney nonparametri: tests to evaluate the effects of different parameters on
equivalence of recovered palynofacies assemblages. A—Division of samples influenced by mesotidal and macrotidal processes in the delta
(see Figure 1 for sample sites within these subdivisions). B—Division of depositional sites deposited under varying salinity influence at the
time of vibracore collection during the dry season. See text for salinity ranges associated with each subdivision. C—Division of the data set
according to identified environments of deposition. D—Localities of the various barforms vibracored, sampled, and compared.

elongate, tubular shape and deep brown color (non-fluo-
rescent due to the presence of chitin).

Palynomorphs represent a very small quantitative
share of palynofacies assemblages (x = 0.7% * .53% [0~
2.6%])). Pollen (angiosperm and the gymnosperm Dacry-
dium) and spores (club mosses and ferns) are well-pre-
served, light-brown in color, semi-transparent and fluo-
resce strongly. Well-preserved fungal spores, on the other
hand, are deep brown in color, display a wide diversity of
shape (see: Elsik, 1993), and do not fluoresce. Unicellular
or colonial algae and marine microfossils are very rare in
the palynofacies counts (the frequency of foraminifera re-
covered in preparations made exclusively for these micro-
fossils is similar to other coastal sites and ranges from
sparce to abundant depending on the salinity, S. Murphy,
pers. comm., 7/95). Algae appear to be of a freshwater ori-

gin (Pedicistrum), while the marine palynomorphs include
acritarchs and foraminiferal test linings.

Unstructured OM is the most abundant palynofacies
category in the samples (X = 83.3% * 6.4% [63.6-92.2%)).
All three components, Heterogenous, Homogenous, and
Finely Dispersed OM, are found in varying quantities.
Heterogenous OM is the most common type of unstruc-
tured clast in the preparations (z = 38.1% * 13.5% [5.6—
61.6%)]) and occurs in a variety of colors and textures.
These clasts are composed of different sizes and kinds of
particles and may or may not fluoresce. Textures vary
from granular (composed of small, equidimensional parti-
cles enclosed within a matrix), aggregate (comprised of a
mixture of structured OM, spores, homogenous unstruc-
tured and/or small unstructured OM), to fluffy (transpar-
ent to semi-transparent clasts that display the appearance
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FIGURE 5—Typical phytoclasts encountered in palynofacies preparations (1:10-20 indicates the number of the vibracore and sample interval
as measured from the bottom of the core upwards). (A) Structured OM—Other Plant Part (29:55-65; DIC); (B) Stuctured OM—Cuticle (29:55—
65; TL); (C) Structured OM—Fungal hyphae (29:55~65; TL); (D) Palynological OM—Monolete spore (29:55-65: DIC); (E) Palynological OM—
Pollen (29:55-65; DIC); (F) Unstructured OM—Heterogenous aggregate (29:55-65; DIC); (G) Unstructured OM—Homogenous vitreous (29:
55-65); (H) Indeterminate—Black {46:140-148; TL); (1) Indeterminate—Pyrite (46:140—148; RL).

of clouds). Homogenous clasts (x = 25.9% * 8.9% [4-
46.4%)]) generally are orange to reddish brown in color and
display a definitive outline and uniform composition. Most
particles are vitreous in texture (dammar droplets or filled
resin ducts, Gastaldo et al., 1993) and fluoresce. Finely
dispersed OM (19.34% *+ 15.8% [1.8-83.6%)]) are defined
as clasts that are less than 5um in diameter and not em-
bedded in an obvious matrix. These particles vary in col-
oration from dark brownigh to transparent.

The Indeterminate OM category generally comprises a
small proportion of the preparations (x = 1.13% + 3.18 [0-
21.6%)), and only one type of clast has been recognized.
Black indeterminate clasts have been found to vary in pro-
portion throughout the delta. Under transmitted light,
these resistant clasts are opaque and provide no clues as
to their identity. Neither do the particles fluoresce. Under
reflected white light, though, it is apparent that the vast
majority of these particles are pyrite framboids.

Nonparametric Statistical Analyses

Samples from an individual core were analyzed to deter-
mine if each of the seven main variables described above
originated from the same population (Feng, 1994). Confi-
dence intervals at the 95% ad 90% intervals were calculat-
ed for all samples less one in a core and the omitted sample
was compared to these statistics. It was determined that
all samples recovered from a single core had originated
statistically from the same population with very few ex-

ceptions (CORE 1: total structured and unstructured de-
bris in sample C1/190-205, indeterminate in C1/235-250,
and heterogenous in C1/430-445; CORE 8: homogenous in
C8/27-21.5, total structured and unstructured in C8/28—
29, and heterogenous, finely dispersed, and indeterminate
in C8/32.1-33). Therefore, it was considered that all sam-
ples had originated from the same population within any
single core.

Results from the nonparametric Mann-Whitney U test
show that overall there is some variation in the palynofa-
cies assemblages from throughout the delta, and that cer-
tain variables from different physiographic or geomorpho-
logic settings are significantly different. When popula-
tions from meso-tidally influenced depositional sites are
compared to those from macro-tidally influenced sites
(Fig. 4A), there is no statistically significant difference in
any of the seven phytoclast categories (Table 1). The range
of tidal influence on a particular depositional site does not
influence the resultant buried palynofacies assemblage.

When palynodebris categories are compared with re-
spect to the waters in which they were deposited (Fig. 4B),
several statistically significant discrepancies are found
(Table 2). There is a statistically significant difference in
nearly all first-order categories between the freshwater
fluvial data set and the brackish and river mouth data sets.
Structured OM is ranked higher (more abundant) in the
freshwater sites than in the brackish fluvial or river
mouth sites, and this result is almost the same (P = 0.054)
for the comparison with beach samples. The same rela-
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TABLE 1—Mann-Whitney Rank test comparing vibracore samples recovered from mesotidally and macrotidally
influenced channels. Calculated z scores and probability that the data sets originate from the same population
are given. z score =1.96 is significant at 0.05. Cells that are cross-hatched indicate statistically significant differ-

ences in the populations.

STRUCTURED PALY HOMOGENOUS

HETEROGENOUS FINE TOTAL UN- BLACK
- DISPERSED STRUCTURED
515 (2) .60 (p) .98 - .38 47 - 63 74 - 45 S1-.61 .66 - .50 1.13 -
25

tionship holds for the Palynological component. Converse-
ly, Total Unstructured OM is ranked higher (more abun-
dant) in sites where beach, brackish fluvial, and river
mouth waters influenced déposition. A statistically signif-
icant difference in the Black Indeterminate category ex-
ists between samples deposited under freshwater fluvial,
brackish water fluvial and rivér mouth influences. Sam-
ples from river mouth settings are ranked higher (more
abundant) than those from either of these other settings.
When individual Unstructured OM categories are evalu-
ated, Heterogenous Unstructured OM is significantly dif-
ferent for the freshwater fluvial and river mouth compar-
sions and Fine Dispersed Unstructured OM is significant
for the brackish fluvial and river mouth comparisons.
Samples that represent deposition under the influence of
river mouth waters have higher ranked samples (more
abundant) than those of the freshwater fluvial data set for

the Heterogenous category, and lower ranked (less abun-
dant) samples than those of the brackish fluvial data set
for the Fine Dispersed category. ‘
Results from the comparison of depositional environ-
ments differ from those presented above due to the reor-
ganization of samples to conform to these subdivisions
(Fig. 4C). Fluvial sites include those that were deposited
within the active distributaries (Igan, Lassa, Paloh, and
Belawai), whereas tidal environments of deposition are
those within inactive (Rajang) or abandoned (interior Las-
sa) distributaries. The distinction between estuary mouth
and fine-grained estuary (within the Lassa) is based upon
the classification of Postma (1980; se¢: Staub et al., sub-
mitted), and beach deposits occur along the seaward mar-
gin of the delta. When comparisons are made of these data
sets, the overall palynofacies aspect of the delta appears to
be more homogenous (Tdble 3). There is no clear demar-

TABLE 2—Mann-Whitney Rank test comparing vibracore samples recovered from depositional sites with various
salinity influences that include freshwater fluvial, brackish water fluvial, river mouth, and beach settings. Calculated
z scores and probability that the data sets originate from the same population are given. z score =1.96 is signif-
icant at 0.05. Cells that are cross-hatched indicate statistically significant differences in the populations.

STRUCTURED | PALY | HOMOGENOUS | HETEROGENOUS FINE TOTAL UN- | BLACK
DISPERSED | STRUCTURED
FWFLUVIAL - | 1.92 (2) 054 (p) % 4] 53-.59 1.92 - .054 159- 11 V556% 7 0-10
BEACH / /
FWFLUVIAL - (/454667 1.56 - .11 60 - 54 1.34 - .18 115 -
BRACKISH /% % 25
FWFLUVIAL - 120 - 23 / % 112 - 26
ey . .
BEACH - 53-.59 146 - .14 112 - 25 146 - .14 172 - 08 66 - 50 06 - 95
BRACKISH
BEACH - RVR 14- .88 87-.38 117 - 24 2977 58 - 55 146 - .14 1.46 -
MOUTH 14
BRACKISH - 92 - 35 120 - 57-.56 171 - .09 %// 47- .63 %
RVR MOUTH 23
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TABLE 3—Mann-Whitney Rank test comparing vibracore samples recovered from identified environments of de-
position that include fluvial channels, tidal channels, fine-grained estuary (Muara), estuary mouth (Kuala), and
beaches. Calculated z scores and probability that the data sets originate from the same population are given. z
score =1.96 is significant at 0.05. Cells that are cross-hatched indicate statistically significant differences in the

populations.

STRUCTURED | PALY | HOMOGENOUS | HETEROGENOUS FINE TOTAL UN- | BLACK
‘ DISPERSED | STRUCTURED
BEACH-TIDAL | 29(-.77(®) | 161-.11 59 - .56 1.46 - .14 58 - 56 1.30 -
% 19
BEACH - 39 - .69 91 - .36 91 -.36 52- .60 78 - 43 156 - .12 130 -
ESTUARY 19
MOUTH
BEACH - 173 - 08 87- 39 173 - 08 46 - 64 1.15 - 24 173 - 08 86 - .39
ESTUARY
BEACH - 125 - 21 W% 69 - 48 1.66 - .10 157 - .11 " 166 - .10 0 - 1.00
FLUVIAL
TIDAL - 35-.73 1.94 - .05 81- .42 1.39 - .16 69 - 49 %/
ESTUARY 2
MOUTH /
TIDAL - 57- .57 69 - 49 80 - 42 148 - .14 57- .57 80 - 43 182 -
ESTUARY 07
TIDAL - 144 - 15 02 - 98 .16 - .87 193 - .05 173 - 08 1.83 - 07 120 -
FLUVIAL 22
ESTUARY 1.63-.10 20 - .84 112 - 26 10-.92 61 - .54 40 - 68
MOUTH -
ESTUARY
ESTUARY / %/ 1.12- 26 10- .92 2.75 - .01 61- .54 //
MOUTH -
FLUVIAL
ESTUARY - 115- 25 111- 27 1.85 - .06 77- 44 .19 - 85 1.15- .25 123 -
FLUVIAL 21

cation within the delta as when samples were compared
relative to salinity. The relationships between Structured
OM, Palynological and Black Indeterminate categories
within the fluvial and estuarine mouth environments is
again evident, but otherwise there appears to be no paral-
lel differences for the other comparisons.

In an attempt to determine if palynofacies assemblages
differed relative to the type of channel structure or bar-
form from which they were collected (Fig. 4D), the Mann-
Whitney test was conducted comparing channel margin,
point bar, midchannel bar, Muara (estuarine barforms),

Kuala (mouth bar), and beach sites (Table 4). Once again,
the assemblages appear to be statistically homogenous
with few exceptions. Midchannel bars differ from the Kua-
la in the ranking (abundance) of Structured OM and Fine
Dispersed Unstructured OM. The midchannel bars
ranked higher in SOM while the Kuala ranked higher in
Fine Dispersed UOM. Black Indeterminate is ranked sta-
tistically higher in the Kuala than in point bars. Channel
margin samples statistically differ from beach samples
with respect to their palynological component (more abun-
dant in channel margins). This sample set differs from the
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TABLE 4—Mann-Whitney Rank test comparing vibracore samples recovered from channel barforms from through-
out the delta and alluvial valley and include channel margins, estuary mouth (Kuala), fine-grained estuary (Muara),
point bars, and mid-channel bars. Calculated z scores and probability that the data sets originate from the same
population are given. z score =1.96 is significant at 0.05. Cells that are cross-hatched indicate statistically sig-
nificant differences in the populations.

STRUCTURED | PALY | HOMOGENOUS | HETEROGENOUS FINE TOTAL UN- | BLACK
DISPERSED | STRUCTURED
CHANNEL 155 @ -.12 (@) | 1.82- .07 1.64 - .10 & 183 - .07 91- 36 173 -
MARGIN - 08
KUALA
CHANNEL 51-.60 1.03 - 30 103 - 30 50- .63 53-.59 1.16 -
MARGIN - 25
MUARA
CHANNEL 66 - 51 % 17- 87 167 - 09 1.69 - .10 1.66 - .10 16 - .87
MARGIN -
BEACH
CHANNEL 56-.57 14 - 88 1.17 - 24 75 - 45 64 - 52 80 - .42 84 - .40
MARGIN - POINT
BAR
CHANNEL 57 - .56 1.64 - .10 165 - .10 140 - .16 13- .89 61-.54 33-.74
MARGIN - MID
CHANNEL BAR
KUALA - 134 - .17 14 - 88 134 - .18 45 - 65 74 - 46 44 - 65 5955
MUARA
KUALA - BEACH 58 - .56 T7- 43 116 - 24 0-1.00 74 - 46 1.16 - 25 1.55 -.12
KUALA - POINT 189 - .06 147 - .14 73 - 46 189 - 06 1.58 - .11 13- 46
BAR /
KUALA - MID 111- 27 41-.68 171- 09 56- 58 1.94 -
CHANNEL BAR 05
MUARA - 173 - .08 86- .39 173 - .08 0-1.00 115 - 25 1.73 - 08 86-.38
BEACH
MUARA - POINT 87-.39 T2 47 173 - .08 101 - 31 29-.77 115 - 25 115 -
BAR 25
MUARA MID 76 - 45 40 - 68 114 - 25 76 - 45 63 - 53 76 - 45 113 -
CHANNEL BAR 26
BEACH - POINT 146 - .14 173 - 08 46 - 65 1.83 - 7 146 - .14 146 - .14 0-1.00
BAR
BEACH - MID 1.58 - .11 158 - .11 95 - .34 143 - .15 1.90 - .06 142 - .15 0-1.00
CHANNEL BAR |
POINT BAR - 16 - 87 115- 24 67 - 50 61- .53 95 - 34 62- 54 29-.76
MID CHANNEL
BAR




PALYNOFACIES OF CHANNEL DEPOSITS, RAJANG RIVER DELTA, SARAWAK

275

Muara and Kuala with respect to its Homogenous and
Heterogenous Unstructured OM, with both of these cate-
gories more abundant in channel margins.

Multivariate Statistical Analyses

Results from PCA analyses were disappointing, as more
than 90% of the total variance in the data set was account-
ed for by the first PCA axis. The most abundant phytode-
bris categories clustered together, while the least abun-
dant categories clustered on the plots of the first three
PCA axes (Feng, 1994). The results were deemed unpro-
ductive, similar to that as found by Oboh (1992).

Results from the UPGMA cluster analyses are illustrat-
ed in Figure 6 as dendrograms. The lengths of the dendro-
gram branches depend on the average similarity of each
group as they are fused. Two separate cluster analyses
were conducted, one utilizing the palynodebris categories
and one for the core data. Two weakly linked clusters of
palynodebris have been identified. Four palynodebris cat-
egories occur in relatively high abundance throughout all
the cores and three of these, Heterogenous and Finely Dis-
persed OM and Indeterminate Black, are linked in the
first group. The remainder of the palynodebris categories
are linked into a second group. These clusters form the ba-
sis for distinguishing the dominant components of the
groups identified from the core data.

Three groups, or core clusters, are linked in the core
cluster analysis. Each group can be characterized by the
abundance of specific palynodebris categories. Group 1 is
characterized by high amounts of Heterogenous and Ho-
mogenous Unstructured OM, moderate amounts of Finely
Dispersed OM and Other Structured Plant Parts, and low
amounts of Black Indeterminate material. When com-
pared with the other groups, Group 1 has a higher quan-
titative share of Other Structured Plant Parts and Ho-
mogenous (resin) Unstructured OM. Group 2 is character-
ized by having the highest quantity of Heterogenous Un-
structured OM and Indeterminate Black (pyrite), and the
least quantitative share of Finely Dispersed Unstructured
OM. On average, this category has moderate to high
amounts of Other Structured Plant Parts and Homoge-
nous and Finely Dispersed Unstructured OM, and low
amounts of Cuticle and Fungal Hyphae. Group 3 is char-
acterized by the highest quantitative share of Finely Dis-
persed and moderate amounts of Heterogenous Unstruc-
tured OM. There are moderate amounts of Other Struc-
tured Plant Parts and relatively low quantities of Homog-
enous Unstructured OM and Black Indeterminate.

When these clusters are plotted according to the posi-
tion of the vibracore in the delta (Fig. 1), a distinctive pat-
tern emerges that parallels, in part, the results of the
Mann-Whitney tests when comparing site of deposition
and salinity of waters affecting that site. Group 1 is more
common to the interior of the delta where there is moder-
ate to no saline influence, whereas Group 2 is character-
istic of the distal parts of the delta where moderate to high
saline influence exists. The distribution of Group 3 is spo-
radic within the delta, being found in high energy areas
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FIGURE 6—Dendrogram of cluster analyses in which two weakly
linked palynodebris clusters can be identified and three clusters of
vibracores samples. The three groups of vibracores are plotted on
Figure 1 where it can be seen that Group 1, characterized by high
amounts of Heterogenous and Homogenous (mainly dammar) Un-
structured OM, moderate amounts of Structured OM and Finely Dis-
persed Unstructured OM, and low amounts of Black Indeterminate
OM, is restricted to depositional sites principally in exclusively fresh-
water settings. Group 2, characterized by the highest quantities of
Heterogenous Unstructured OM and Indeterminate Black and the
least amount of Finely Dispersed UOM, is found in channels of the
lower delta plain and the distribution conforms to the limit of saline
influence during the wet season. Group 3, characterized by the high-
est quantitative amount of Finely Dispersed UOM, is found either in
barforms or in black-water tidal channels that are sediment starved.

where physical degradation of the organic matter is com-
mon (front margin of channel bars and beaches) or where
sedimentation rates are low and biological degradation
rates are high (black water channels within the abandond-
ed Lassa). When these core clusters are evaluated on a
smaller scale, for example within a single barform, it can
be seen that the palynofacies assemblages characterize
particular depositional sites within the barform (Fig. 1).
Where the physical processes are least energetic (point
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bars, proximal ends of lateral channel bars and protected
sites [interior] of midchannel bars), the palynofacies as-
semblages are characteristic of Group 1. Where the physi-
cal processes are strongest (downstream end and exterior
side of midchannel bars), Group 3 palynofacies assem-
blages occur. '

DISCUSSION

The palynofacies of the Rajang River’s heterolithic
rhythmic sediment facies found throughout channels of
the delta and alluvial valley is principally composed of ter-
restrial-derived organic matter. Marine-derived OM is ex-
clusively encountered in estuarine settings and plays a
minor quantitative role in these sediments. The high pro-
portion of Unstructured OM in the preparations is an in-
dication of the high rate of organic matter degradation in
this tropical setting. Gastaldo and Staub (1994; submit-
ted) have demonstrated that the high proportion of Un-
structured OM found in these sediments is a reflection of
supply from the water column and not the result of early
OM diagenesis following burial.

Staub et al. (1994; submitted) have shown that most sil-
iciclastic sediments within the delta are the result of tid-
ally influenced depositional processes that occur during
the dry season (April to November), and that distributary
mouth bar and coastal sediments are emplaced during the
wet season (December to March). The heterolithic rhyth-
mically stratified sediments examined in this study are
the result of dry season deposition. This fact alone should
support the contention that the palynofacies assemblages
recovered from these sediments would be homogenous
throughout the delta, and on a quick overview of the data
this hypothesis would appear to be supported allowing for
varying amounts of Structured and Unstructured OM.

The environment of deposition, as determined from ge-
omorphological and sedimentological criteria, does not in-
fluence the palynofacies assemblage as determined from
the Mann-Whitney U-tests. Palynofacies assemblages re-
covered from these settings are essentially identical,
showing little statistical variance.

The effects of tidal influences operating during the dry
season appear to have the most bearing on palynofacies
assemblage composition. Results from the Mann-Whitney
U-tests indicate that tidal amplitude has no significance
relative to the resultant palynofacies assemblages. Rath-
er, the presence of saline waters in the channels of the low-
er delta plain is the impetus for an alteration of palynofa-
cies character that allows for statistically significant sep-
aration of these assemblages from those further inland.
This assemblage modification is the result of an increased
amount of Unstructured OM and pyrite genesis (Black In-
determinate OM residue). These results do not support
the hypothesis that palynofacies assemblages are homog-
enous throughout the channel sediments of the delta and
alluvial plain.

Structured and Palynological OM are statistically more
abundant in sites where there is no saline influence. Their
higher abundance reflects settling of these denser phyto-

clasts frora the water column during floed slack, probably
most effective during the King tides when flood slack is of
the longest duration. In effect, more Structured and Paly-
nological OM is trapped within the freshwater channels
than is exported down river. Their presence within the
brackish-influenced channels and river mouths is proba-
bly, in part, a function of SOM and pollen/spores intro-
duced by riparian vegetation in the lower delta plain and,
in part, ebb slack processes that allow for the settling of
these clasts from the deeper parts of the freshwater water
column.

Total Unstructured OM, on the other hand, is more
abundant in sites influenced by marine waters than in the
freshwater settings. This may be due to their less dense
character and propensity to remain in the water column
for longer periods of time, if it is assumed that equal
amounts of all palynodebris categories are contributed
from riparian vegetation lining the waterways throughout
the course of the river channels. If more UOM originated
within the mangroves and fringing Nipa colonies of the
lower delta plain, then this contribution alone could ac-
count for its increased abundance in these sites. Prelimi-
nary examination of palynofacies assemblages from root-
ed silts taken throughout the delta indicates that there is
no statistical difference in OM category abundances (Pe-
dentchouk et al., 1995). Essentially, these rooted sedi-
ments exhibit a homogenous palynofacies character re-
gardless of the colonizing vegetation. Presently, we can
not consider the possibility of increased UOM contribution
from lower delta plain vegetation as being responsible for
the statistical difference between freshwater and brack-
ish-influenced settings. The longer residency time of the
Unstructured OM phytoclast category in the water col-
umn appears to be the most parsimoneous explanation to
account for its higher abundance in the lower delta plain.

The emplacement of Unstructured OM in the saline-in-
fluenced parts of the delta may occur either during flood
slack (with their origin from palynodebris that had been
transported to the delta front and then reintroduced to
this site as the result of tidal bore) or ebb slack (with the
palynodebris falling from the freshwater suspension load).
Because it is not possible at this point in time to distin-
guish UOM that has been resident in the marine realm
from that in the freshwater realm, it is not possible to pro-
vide an unequivocal answer to the processes responsible
for emplacement of these phytoclasts. It is apparent,
though, that some palynological clasts are of marine origin
(acritarchs, some foram test linings) and have been intro-
duced into the brackish-water sites by tidal processes,
while some other clasts (taxa) are indicative of brackish-
water habits.

When palynofacies assemblages recovered from channel
barforms are compared, a similar pattern can be seen. Mid
channel barforms, those developed in direct response to
the effects of tidal processes operating in the delta, statis-
tically have a higher abundance of Structured OM than do
barforms in the Kuala (mixed estuary). Barforms in the
Kuala have a statistically higher abundance of Fine Dis-
persed OM than mid channel bars, but both Homogenous
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and Heterogenous UOM are more abundant in channel
margins than in the saline-influenced Kuala and Muara.

The Black Indeterminate palynodebris which in many,
but not all, cases represents authigenic pyrite is charac-
teristic of those areas where there is the influence of ma-
rine waters. Results of the Mann-Whitney U-test indicate
that there is a statistical difference between freshwater,
brackish water and river mouth environments, with the
latter characterized by a higher abundance of these parti-
cles. The river mouth (Kuala) is also statistically different
from point bars with respect to this palynodebris category.
The strong influence of marine waters in these sites pro-
motes pyrite genesis. .

The general palynofacies assemblage pattern detected
using the Mann-Whitney U-tests is confirmed in the
UPGMA cluster analysis. Group 1, characterized by a
greater abundance of SOM and Homogenous Unstruc-
tured OM (dammar), is found to be restricted to the fresh-
water channels of the interior parts of the delta and allu-
vial valley. A discrepancy with the Mann-Whitney results
exists with respect to the assignment of the palynofacies
from the mid-channel barform near Daro (Figs. 1, 3B),
where these assemblages were considered to be part of the
brackish-influenced channels in the nonparametric anal-
ysis but cluster with the freshwater samples in the multi-
variate analysis. This latter assignment is more realistic
as the Lassa and Igan Rivers are the main distributaries
operating during the dry season (Staub and Esterle, 1993;
Staub et al., submitted).

Group 2, on the other hand, is restricted to the saline-in-
fluenced lower delta plain. This palynofacies cluster is
characterized by the highest quantities of Heterogenous
Unstructured OM and Indeterminate Black particles.
This group tracks, relatively well, the limits of salt incur-
sion not during the dry season, but during the wet season
(Staub et al., submitted). The continuous, year-long influ-
ence of saline waters in this zone is probably responsible
for the higher proportion of pyrite in these organic-rich
sediments. The presence of freshwater in the Lassa during
the wet season may alter the pore water chemistry enough
to retard the development of high quantities of pyrite in
these sediments. Black Indeterminate clasts are found in
the sediments recovered from the midchannel bar near
Daro and into the abandonded arm of the Lassa, but the
quantitative share of this category is low (Feng, 1994).

Group 3, characterized by the highest quantitative
share of Finely Dispersed OM (particles <5 um) is not re-
stricted to a particular geographical region within the del-
ta/alluvial plain, but appears to be site specific. Cores that
are characterized by this assemblage occur either within
the sediment-starved channels of the abandonded Lassa
distributary (Cores 8, 9, 10, and 20) or on the downstream
side of midchannel (Cores 39, 12, 13, and 48) or lateral
(Core 33 and 49) barforms. The high quantitative share of
Finely Dispersed OM may be either a function of biological
and/or physical degradation processes. Biological degra-
dation of OM occurs through catabolysis and microbial ac-
tivity whereby cellular contents depolymerize resulting in
coagulation of the residuum (Gastaldo, 1994). As the resi-

dency time of OM increases either on the soil-air or sedi-
ment-water interface before burial, the transformation of
once structured debris to unstructured debris continues.
This ultimately results in the liberation of the remaining
cellular contents and the disassociation of cell walls. This
process accounts for the high proportion of Finely Dis-
persed OM in the black-water tidal channels of the Lassa.
Physical degradation is invoked for those sites on the
downstream end of barforms where the greatest amount
of energy is expended during diurnal flood tides. Organic
matter deposited in these settings have the highest prob-
ability of being reentrained, reworked, and physically bro-
ken into smaller pieces. This process, in combination with
intracellular catabolic activity, accounts for the high pro-
portion of this palynodebris category in the barforms.

Both Groups 1 and 2 may also be characteristic assem-
blages of the barforms, depending upon the position in the
bar from which the sample was recovered. An examina-
tion of the midchannel barform examined between Sibu
and Kanowit demonstrates the extreme case (Fig. 1). Core
39, taken from the downstream end of the barform is char-
acterized by Group 3 (high proportion of Finely Dispersed
OM). The assemblage recovered from Core 40, taken on
the interior side of the barform, is assigned to Group 2,
that group that is the principal assemblage found in fresh-
water settings. Core 38, taken on the exterior (midchan-
nel) side of the barform is characterized by a palynofacies
assemblage high in Unstructured Heterogenous and
Black Indeterminate (non-pyritic). The other midchannel
barforms examined exhibited a disparity between down-
stream Group 3 assemblages and upstream or interior
side Group 2 assemblages (Fig. 1). The variability in the
proportions of OM components within a single barform
was not expected.

CONCLUSIONS

Palynofacies assemblages analyzed from a single sedi-
ment facies, characterized by rhythmically bedded sand
and silt, recovered from river and tidal channels in the Ra-
jang River and Rajang River delta are not homogenous
throughout the regime as hypothesized. Statistical analy-
ses reveal that two major assemblage patterns exist with-
in these sediments, with a third assemblage identified af-
ter applying multivariate statistical analyses. The two pa-
lynofacies assemblages coincide with the effects of saline-
water influence in the delta. The first assemblage,
characterized by high amounts of Heterogenous and Ho-
mogenous (mainly dammar) Unstructured OM, moderate
amounts of Structured OM and Finely Dispersed Unstruc-
tured OM, and low amounts of Black Indeterminate OM,
is restricted to depositional sites that are principally found
in freshwater settings. The exception to this is in the mid-
channel barform of the Lassa near Daro, but the assem-
blage composition can be explained by the active distribu-
tary status of this river. The second assemblage, charac-
terized by the highest quantities of Heterogenous Un-
structured OM and Indeterminate Black and the least
amount of Finely Dispersed UOM, is found in channels of
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the lower delta plain. The distribution of this palynofacies
assemblage conforms to the limit of saline influence dur-
ing the wet season. The third group, characterized by the
highest quantitative amount of Finely Dispersed UOM, is
found either in barforms or in black-water tidal channels
that are sediment starved.

A general assumption has prevailed in the use of paly-
nofacies assemblages to interpret ancient depositional en-
vironments. That assumption is that each lithofacies is
characterized by a single palynofacies assemblage, allow-
ing similar lithofacies to be distinguished (e.g., Hart et al.,
1994). The present investigation has shown that the ac-
cumulation of organic matter and the resultant dispersed
OM assemblages in a single sediment facies is heavily in-
fluenced by the geochemistry of the system. Caution must
be exercised when using palynofacies assemblages as ab-
solute proxies for interpreting the depositional setting of
the sediments in which they are preserved, until results
from more actualistic studies have been published.
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