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Abstract 

Four subenvironments (oxbow lake, back swamp/flood basin, crevasse splay, natural levee) from the 
Orinoco Upper Delta plain were sampled for quantitative analysis of organic matter. Each subenvironment 
has been characterized on the basis of two main criteria: organic matter composition and textural character­
istics. 

The Oxbow lake model has two main subdivisions related to the influence of the dry and rainy seasons on 
the organic assemblages. The rainy season assemblages are rich in light-coloured organic matter, with 
abundant fungal and insect remains, are usually coarse grained, and have a highly variable particle shape. 
The dry season assemblages are relatively poor, the organic matter is darker and the finest grain size is 
scarcely represented. 

The Montrichardia backswamp/flood basin model is also related to the flood - and the dry periods of the 
basin. Dry periods in the flood basin are characterized by very poor organic matter assemblages consisting of 
fine grains of woody and humic gels. The flood stages are characterized by a very high content of organic 
remains of variable composition. 

The crevasse splay model assemblage is characterized by a strong bimodal distribution of the grain size, 
and by fluctuations in the amount of organic matter preserved at different levels of the fan . 

The natural levee model assemblage is highly variable in the organic matter content and composition, and 
shows a wide range of particle grain sizes varying from medium sand to clay. 

Introduction 

This paper reports the results of a quantitative 
study of textural and compositional characteristics 
of the organic assemblages recovered from recent 
sedimentary environments of the Orinoco Upper 
Delta plain. The aim of this study was to improve 
the models for environmental interpretation cur­
rently used in palynology, by introducing quantita­
tive data generated through digital image analysis 
of the kerogen concentrates. 

The Orinoco Delta is an excellent example of a 
large fluvial/wave-dominated tropical delta; it is 
located in Eastern Venezuela (Fig. 1), and covers 
an area of 20642 km2 (Van Andel 1967). 

The sampling was carried out at the onset of the 
rainy season (1987), and was done in the Orinoco 
upper deltaic plain, close to the transition towards 
the lower deltaic plain, in a region that Muller 
(1959) called the 'middle delta plain' . All sampled 
subenvironments: oxbow lake, crevasse splay, 
Montrichardia back swamp/flood basin and natural 
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levee, were located in the Cano Macareo, a 213 km 
long and up to 1 km wide distributary channel, with 
a depth in excess of 35 m. 

Methods 

Samples were prepared using the standard paly­
nological method (HF, HCl, ZnBr2) and analysed 
for organic matter composition and quantitative 
textural characterization. The textural charac­
terization as used here is based on the measure­
ment and calculation of the particle size and shape. 

All measurements were done with the help of 
ADIE™, a digital image processing system. This 
system is based on an IBM PC AT microcomputer, 
with a frame grabber (PC VISION PLUS), a B/W 
TV camera directly installed on the microscope, 
and a laser printer. ADIE™ measures the area, the 
perimeter, the length and breadth, and automat­
ically calculates the relative elongation and relative 
irregularity of organic particles. 

Particle size is expressed by means of grain size 
histograms and cummulative curves. Grain size of 
organic particles is based on the determination of 
the 'phi diameter' currently used in sedimentolog­
ical granulometric analysis . Due to the bidimen­
sional nature of the digital image measurements, 
the calculations of the 'phi diameter' are based on 
the conversion of the particle into a circle (Lorente 
1986, 1989), using the measured particle area as the 
area of a perfectly circular particle that represents 
it. Subsequently the 'particle calculated diameter' 
is calculated: 
'Particle measured area'= 'Circular particle area' 
'Particle measured area' = rr r2 , hence 
r = \/'Particle measured area'/rr 
'Particle calculated diameter' = 2r 
'Phi diameter' = - log2 'Particle calculated dia­
meter' 

Using the phi diameter, two different types of 
grain size distribution histograms and cummulative 
curves are generated, one is based on the L: (number 
of particles) and the other one on the L: (particle 
areas). 

Particle shape is expressed by means of relative 
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elongation and relative irregularity histograms. 
Relative elongation is based on the relation length/ 
breadth, and represents the degree of elongation of 
the particle (see Table 1). The results are expressed 
in the form of histograms, with class values ranging 
from 1.00 (perfectly equidimensional) to > 10.00 
( filiform particles) . 

Relative irregularity is based on the relation be­
tween the measured perimeter of the particle and 
its minimal possible perimeter. The calculation of 
the minimal possible perimeter is based on the 
conversion of the particle into a circle as is done for 
the 'phi diameter' (Lorente 1986, 1989). Then the 
'particle minimal perimeter' will be the perimeter 
of the calculated circular (Pcaiculated) particle. So if 

r = \/'Particle measured area'/rr = then 
Pca1cu1a1ed = 2 rr r and thus 

~~~~~~~~~~ 

Pcalculated = 2 rr \/'Particle measured area'/rr = 
Pcalculated = 2 \/'Particle measured area' · rr 

The results are expressed in the form of histo­
grams, with class values ranging as follows: 
1.00-1.50 Regular 
1.60-2.00 Irregular 
2.10-3.00 Very Irregular 

The organic matter composition was described 
according to the classification published by Lo­
rente (1986) as shown in Table 2. 

The Oxbow Lake subenvironement 

General remarks 

The Oxbow Lake is the part of a meander belt that 
marks the transition between the upper and lower 
delta plain. This particular lake was formed during 
the last 20 years (navigation beacons signs are still 
left) , maps of Van Andel (1967) showing the mean­
der as active. The sedimentation rate is about 
0.85 m/a. Hecht (in press) calculated this very high 
rate from the maximum reported water depth in 
the active channel (35 m) and the maximum mea­
sured water depth in the lake (18 m). The same 
author reports sedimentation rates close to 0.9 m/a 
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near the open end of the lake. The sedimentation in 
this environment is restricted to the low-water 
(dry) season. 

Vegetation on the lake banks is dominated by 
the natural levee inhabitant Inga spuria. Floating 
macroflora is represented by: herbs, Eichornia 
crassipes and Azolla sp. 

Samples were taken in the lake bed by means of a 
grab sampler and a hand coring device. Several 
localities were sampled as shown in the location 
map (Fig. 1). Samples OXB 1, OXB 5, OXB 6 and 
OXB 7 were taken on the lake bed and represent 
the onset of the rainy season sedimentation. Sam­
ples OXB 4, OXR 1 <incl OXR 2 were taken from a 
0. 70 m thick core of homogeneous grey clay drilled 
near the closed end of the lake (Fig. 1). This core 
probably represents the sedimentation during the 
last low-water season. 

Sample description 

Sample OXB I. This sample was taken close to the 
lake inner bank, at about 1 m water depth, it con­
sists of grey clay with plant remains. 

The organic matter in the coarse fraction is main­
ly epidermal/cuticular material, together with in­
sect and fungal remains. The fine fraction is domi­
nated by biodegraded terrestrial structural mate­
rial and small fragments of humic gels and 'char­
coal'. The organic fraction recovered was fairly 
scanty. 

The textural characteristics are: 
1. Particle size: more than 60% of the particles are 

in the medium to fine silt range, the coarser 
particles are in the medium to very fine sand 
range with a deficit of fine sand, the smaller ones 
in the very fine silt to clay-size ranges. 

2. Particle shape: the relative elongation varies 
from equidimensional to tabloid shaped small 
particles, and from elongate to strongly elon­
gate tabloid shaped coarser particles. The rela­
tive irregularity tends to be in the irregular 
values (1.4 to 2.4). 

Sample OXB 5: This sample was taken on the lake 

bed, at the maximum depth (about 18m). It con­
sists of grey clay with abundant plant remains. 

The organic matter assemblage is very similar to 
the assemblage in sample OXB 1, but it had a 
higher concentration of humic gels . 

The textural characteristics are: 
1. Particle size: more than 80% of the particles are 

in the medium to fine silt range, the coarser 
particles in the fine sand to coarse silt range with 
a deficit of the very fine sand. The smaller parti­
cles range from very fine silt to clay; 

2. Particle shape: the elongation varies from an 
equidimensional/tabloid shape of the small par­
ticles, to an elongate/strongly elongate tabloid 
shape of the coarser particles. The particle rela­
tive irregularity tends to be in the 'irregular' 
range 1.4 to 2.4, although the total range of 
values extends from 1.4 to 3.0. 

Sample OXB 6. This sample was taken at the point­
bar border of the former meander and consists of 
grey clay with few macroscopic remains of leaves. 

The organic matter assemblage is similar to the 
assemblage in sample OXB 5. The organic fraction 
recovered was fairly substantial. 

The textural characteristics are very similar to 
those of sample OXB 1; both samples were from 
the same lake bank. 

Table I. Relative elongation 

1. 00 I. 1.49 

1 . 50 • 1.99 

2. 00 • 2.99 

3 . 00 

5.99 

6.00 

10.00 

>10.00 

Equidimensional 

Quasiequidimen­
sional 

Tabloid 

Elongate 
tabloid 

Strongly 
elongate 
tab l oid 

Filiform 



Sample OXB 7. This sample was taken in the lake 
bed, near the former point bar border, at the 
middle point from the centre to the closed end of 
the lake, and consists of grey clay with abundant 
leaves and twigs. 

The organic matter in the coarse fraction is main­
ly epidermal/cuticular/woody and contains resin­
ous material together with insect and fungal re­
mains. The fine fraction is dominated by partially 
biodegraded epidermal/cuticular material, woody, 
fungal and humic gel remains. The organic fraction 
recovered was fairly large. 

Textural characteristics (Fig. 2b): 
1. Particle size: more than 70% of the particles are 

in the medium to fine silt range. This sample 
contains an unusual amount of coarser material 
in the medium sand size range. The smaller 
particles are in the very fine silt to clay size 
ranges. 

2. Particle shape: elongation varies from the equi­
dimensional/tabloid shape of small particles to 
the elongate/strongly elongate tabloid shaped 
coarser particles. Particle irregularity tends to 
be in the 'irregular' values (1.4 to 2.5), but very 
irregular particles are also present (up to 4.0), 
although in very low concentrations. 

Core sampling description 

All lithological samples taken from the oxbow lake 
core (Fig. 1) consist of homogeneous, unconsoli­
dated grey clay. Sample OXB 4 was taken at the 
core top. Sample OXB 3 was taken 0.35 m below 
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the water/bottom interface. Sample OXB 2 was 
taken at 0. 70 m below the water/bottom interface. 
According to the calculated sedimentation rate 
OXB 3 and OXB 2 must have been deposited dur­
ing the last low-water season. 

Sample OXB 4. The organic matter assemblage is 
very similar to that in sample OXB 5, but contains a 
higher concentration of humic gels and 'charcoal' 
material in the fine fraction. The organic fraction 
recovered was fairly substantial. 

The textural characteristics are very similar to 
those in sample OXB 1. 

Sample OXB 3. The coarser fraction is depleted in 
organic matter, which is mainly represented by 
dark woody and 'charcoal' fragments; this fraction 
is probably more resistant to oxidation. The medi­
um and fine fractions are dominated by humic gels, 
woody, charcoal, epidermal, sporomorphic, resin­
ous and fungal remains. The very fine fraction is 
also depleted in organic substance. The organic 
fraction was recovered in fairly ample quantities. 

The textural characteristics are different from 
the samples taken at the water/bottom interface 
(Fig. 2a): 
1. Particle size: the histogram shows an almost nor­

mal distribution, with its maximum at the coarse 
to fine silt size-range; 

2. Particle shape: the elongation values are con­
centrated in the equidimensional/tabloid shape. 
The particle irregularity is concentrated in the 
'irregular' (1.5 to 2.9) range, with most values in 
the 1.9 to 2.2 range. 

Table 2. Organic matter classification (fluorescent palynomacerals italicised) 

Aquatic 

Structureless Structured 

Algal masses Colonial algae 

Bacterial masses Single cell algae 

Terrestrial 

Structureless 

'Humic' gels 
- pure 
- with inclusions 

Resins 
'Charcoal' 
Degraded plant material 

Structured 

Exinic 
- cuticular 
- sporomorphic 
- fungal remains 
- animal exoskeleton remains 

Epidermal 
Woody 
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Figs 2a, b. Grain size, relative elongation and relative irregularity histograms. Samples: OXB 3, OXB 7. 

N 

°' 00 

... 
.I 

' 
' , 

" '• 



c 

Cr&b Sin Distribution 

1111 
hhl no. h.rllclu: 'n 1111 

trd1 Slst tiltri~tion 

hhl 
II Ii 

HwUPr 
,,. .. 

or " 
.r u 

Puticlu Putielu 
Ii 41 

(1.) 
(X) 

21 II . 
-1-2-1!\ll1 jIl1 '11•1hi 

1vc1c i11,lrrnr1c 11,m1vr 
Crntl hn Slit ChJ 

-J-l-1111111 ' l 1 lll•Phi 
vcc."'r1m1c '"':{' " "'IHI hn Sil ChJ 

BS 8 

JthtiH [lon51tlen ltlalht lmftilll'ilt 

Ill 111 

II 

"""'" 
Ii 

"""" ,r II ,r u 
Puticlts 

41 
11J 

Pull cits 41 
(X) 

ll li 

1.5 I.I I.I I.I 11.i '1 ~. I.I I.I 

Ktl1lht [lonutlon Valu.t R:thtlu frrtf1llarit1 hlH 

d "°"11 Sin 11J!I!f!!~"ruticlu : 744 W-1h Un Jistrlj.ution 
1911 

[ 
Ill 

hhl 
Ii Ii 

"""'' "'" " u " " ~uticlu 48 1utlclu 41 IXl (X) 

ll II 

-J-l·1111111111 '"'Phi 
VCC KtrtUfC lltr! Vf Cl 

Crtvtl an Sit ll 

I '-1-1-1 l -lll•Phl 
1clc .. Jn lvrjc J,!){1 lvr) 

Craul 111 S Cl11 

BS 10 

ltltlhttlontition bhllu lrroul1rlt1 ml Ill 

Ii Ii 

"""' """' 
d " or " Putitlu 48 Putieln 41 (X) (X) 

II li 

1.1 l.I I.I I.I 11.i 11'.1 l.I I.I 
lthll"lln1atiHhl1t lthtitt ll'Ptplult1hl .. 

... , .. , .. , . -r,-.. . . tO . -# 
.,,;;,J.. "' :~ ' ~ .• ,,-,~ . 1"*-lt • . ' ~ .. . ~ 

-• 
.: (J 

.. 
. • • 't .. JI.. ,, ~ . 

-f. . ~ .· ... r' ., _-.,;_ ( • 
.#? . "'.· .ms.:;>·. -Ii ' jcl . f~itt'~ ; 

( " 'fftq~-~~' .. -~ '•·V .. , ' :-
~--,.,, ; .. 

.. .. . . 

' 
• 

IP ~ . . ~ . , %, ' . ~ ·~ - ·~ ' .,J:v·· ,,· 
~· . t I-,. . -. '1 • 
r f . , • • • ..lit' ' ,.. •• 

r. ~, . 4. (t· ~ ·.1 . {·l-~· .... ,_ .... '. -.~ 
. '. • . ' ' . .. 

. . , 
~I ••• '.. .. .. ... .. 

- •I , 

\ 

' .. 
l .... ... , ·• .... . 

1 

~! 

,. -
l t'' ~ _l_ ~~loo I':. 

~... ··~· ~-' . ,. • ' r• .. ,, 
' ' ' I , . ' .. 

' •• 
• 

• ' I • I . ... • 

. '., .. . ' ... .• ., 
• 

•• .. 
~ 

' ,.,. ' ) 

' 

•• 
., 

-., , '' 

• • '• • 

"' • 

.. 

'"'· .. 

r ' - ... ' et . • 
. , ... ~ ... -\ • • 
' 
, .. .,.. . • I 

t 

' • 

.. 
" 

• 
Figs 2c, d. Grain size, relative elongation and relative irregularity histograms. Samples: BS 8, BS 10. 

N 

°' '° 



e N 
--l 
0 

C:r1i1 Siu lhtrllM.ttlon "'•I• Siu llslrlktlon -lthl a1. Partlclt1:1t2J 
118 111 

llltl -· ti 
II II " lb<Mr .... • • ti " ti " 

.,,; 
Puithlts Parllchs ~ 

41 41 • (IC) (IC) 

II ll • ' 
-1-1-11jlJjlI11 '"''hi -1-1-1'11 I I I I 1 I 'lliPhl • _, • 

rec ::!fl trc ·filll" rmi~nvr!c ! .. mini 

' ' • Cra.tl S . It Clq CN.Hl S Sill Cht ,; I BS 108 , • RflltiHlltntdilft • • 
Ill ltlatlHlrrtJUl&rlt! • f ,.., 

Ill 
II .. I -· II 

' ti II 
llWor 

' \l'tlclH ti II . ,• 
II fll'lielH 

' • (IC) 41 

'~-II 
(IC) • •." II • . •• I.I I.I I.I I.I II.I I • 

lllath1tl1111all"hlu I.I I.I I.I 

•lalht lrrtphrlt1 hi• 

f 
CN.111 Sin lhlriktll•11 - ~ • 119 hlal nt, Putlclts :tnJ Crah1 Siu lhlrlklltw - • I' .. 

Ill 

~ 
II htal 

~t "'-'lfp II 

~ .... 
ti " •I II •• rartic:u \ 

II futhlts 
(X) 41 \ 

(X) 

II 
ll J .. , J •1-

-1-1-1 , ld l ! l I l J 'll•Phl _, -l -1 I I ! I ! l I l ! I 1",.1 

~~ ,. ',._ ~ 19CIC Ult rlltfjC ,Kf:fl:llr 
'1utll S Silt Clq c. 1mc :"m:111c :~:111vrj 

Ht! hn4 hll Cht " •l cs 11 t 
•latlwt lhnution 

llfhliH ll'l'tf\l(&ritt ' Ill Ill ... 1. ... 

II II llWor -· ... 41 ti " tr " f: Putlchs Partlchs "'*· 41 • (IC) II • (IC) • \: ZI II ' ., ~ l; 
I I .a I. I.I l.I I .I I.I II.I I.I I .I I.I 

ltlatlH Jlt1Jdi11 hla •latlH lmp:llJ'ltt hi• 

Figs 2e, f. Grain size, relative elongation and relative irregularity histograms. Samples: BS lOB , CS 11. 



g 

18i 

Crili11 Siu Phtribution 
Joh.I no. hrticlu: He' 

Hul'ltl' 
18 

,, 
" 

Particln 
41 

(Y.) 

ll 

-3·2 · \, \fl 1 l' l' '11+Phi 
:vc1c :11t;ruvr1c :11,m:vrj 

Cravtll hni Silt Clq 

cs 12 

IB'l 

"'"'"' 
II 

ol " Plrlicln 

(X) 
41 

21 

I.I l.1 II.I 

lth.tivt Ehnu.ti1n h.lut 

h 
m 

trlin Sin Distribution 
lohl no. hrtlchs : UIU 

Hu.U.tr 
Ii 

ol " P<\rtitlu 
49 

IX) 

21 

-3 -2 -1 9 1 l 3 4 5 6 7 8 ! 11 •Phi 

!vc!c !llf in ivr!c !"' !11 !vrj' 
Crave!\ hn• I Silt c1., 

NL 19 

m 

Hu""'" 
Ii 

,, 
" h.rticlu 
II 

(Y.) 

29 

11.i 

Rtlalivt Ihnution h.lut 

hlal .... ,, 
hrtitln 

(X) 

tw.Mr 

ti 

hrtlelu 

(Y.) 

191 

Ii 

" 

ll 

Ii 

" 
41 

llli 

lohl 
Ii 

lrn ,, 
" Puticln 
41 

(X) 

29 

1'I 

81 
ttw.lrr ,, 61 

Putltlu 
41 

(xJ 

ll 

I 

Crih1 Siu Jislri~tivn 

Rflaliwt lrrtyulll'll1 hl1t 

i:raln Sin Dislril>uti•n 

•3 •2 -1, 1l11l1 l l 919 ' 
:uc:c 11".t :ri :vr :c :"t :ri :ur: 

tuvtll hnd I Sill I Ch9 

1.1 I.I 3.1 

Rtltlin lrl'ftuluit, hln 

. . " _,I . , . 
• 

Figs 2g, h. Grain size, relative elongation and relative irregularity histograms. Samples: CS 12 and NL 19. 

' ... .. 
•• .. 



272 

Sample OXB 2. This sample is almost identical to 
OXB 3 in its organic matter composition. The coar­
ser fraction is relatively more abundant than in 
OXB 3, and mainly represented by dark woody and 
'charcoal' fragments; some fragments of epidermal 
material are ~iso present. The medium and fine 
fractions are dominated by humic gels, woody, 
charcoal, epidermal, sporomorphic, resinous and 
fungal remains. The very fine fraction is depleted. 
The organic fraction recovered was fairly substan­
tial. 

Textural characteristics are very similar to those 
of sample OXB 3. 

The Montrichardia backswamp and flood basin 
subenvironments 

General remarks 

In the upper delta plain there are different types of 
backswamps/flood basins, depending on the type 
of vegetation cover present and on its topography. 
In caiio Macareo Montrichardia swamps are very 
common. Montrichardia is up to 5 m high and 
grows in dense stands. 

A core was taken in a Montrichardia swamp, 
very near to the crevasse splay and the natural 
levee that was also sampled for this study. The core 
was located in an area about 200 m from the river 
channel, near the end of a crevasse splay fan and six 
samples were taken from it (Fig. 1). 

Three different 'lithological' levels were found 
from base to top: a grey plastic clay (sample BS 
lOB); a very thin peat layer (sample BS lOA) and a 
grey clay with oxidation spots and plant remains, 
mainly roots (samples BS 10, BS 9 and BS 8). The 
position and description of samples can be sum­
marised as follows: 
BS 8: core top, grey clay with oxidation spots 

and macroscopic plant remains; 
BS 9: 0.8 m below the core top ; grey clay with 

oxidation spots and macroscopic plant 
remains; 

BS 10: 1.0 m below the core top, just on top of a 
thin peat layer, grey clay with oxidation 

spots and macroscopic plant remains; 
BS lOA: 1.05 m below the core top, very thin peat 

layer; 
BS lOB: l.40m below the core top, homogene­

ous, grey plastic clay. 

Sample description 

Sample BS 8. The organic matter in the coarse 
fraction consists mainly of woody and epidermal/ 
cuticular material, with some coaly ('charcoal') 
material present, probably originating from a re­
r.ently hmneci vee;etMion. The fine frnction is dom­
inated by humic gels, woody and degraded materi­
al. The organic fraction recovered was fairly sub­
stantial. 

Textural characteristics (Fig. 2c): 
1. Particle size: more than 75% of the particles are 

in the coarse to fine silt range. The coarser parti­
cles are in the fine sand to coarse silt range, with 
a slight depletion in the very fine sand values. 
The smaller particles are in the very fine silt to 
clay ranges. 

2. Particle shape: the particle elongation varies 
from equidimensional to filiform shapes. More 
than 80% of the particles are in the equidimen­
sional to tabloid range. The relative irregularity 
tends to be in the 'irregular' values (1.5 to 2.1). 

Sample BS 9. The organic matter in the coarse 
fraction contains mainly woody and epidermal/cut­
icular material. The fine fraction is dominated by 
humic gels, resins, woody and degraded material. 
Fungal remains are also abundant. The organic 
fraction recovered was fairly rich. 

Textural characteristics: 
1. Particle size: the coarser particles are in the size 

range of medium to fine sand, with a maximum 
in the very fine sand values. The smaller parti­
cles are in the very fine silt to clay range. The 
highest amount of particles (about 40% ) is in the 
very fine silt range. 

2. Particle shape: the relative elongation varies 
from equidimensional to strongly filiform 
values. More than 80% of the particles are in the 



equidimensional to tabloid range. The relative 
irregularity tends to be in the 'irregular' values 
(1.5 to 2.0), but the irregularity values are wide­
spread up to the range of 3.3 times the length of 
the equiareal circle, indicating the presence of 
very irregular particles. 

Sample BS 10. The organic matter in the coarsest 
fraction is represented by rare large fragments of 
epidermal/cuticular tissues; woody and coaly 
('charcoal') remains are relatively abundant but in 
a smaller size range. The fine fraction is dominated 
by degraded terrestrial material and fungal re­
mains. There is a change in the general organic 
matter composition in this sample, when compared 
with the upper section, showing a higher amount of 
relatively dark material. The organic fraction reco­
vered was fairly rich. 

The textural characteristics (Fig. 2d) are: 
1. Particle size: more than 70% of the particles are 

in the size range of coarse to fine silt. The coar­
ser particles are in the fine sand to coarse silt 
range but these particles are relatively rare in 
this sample. The smaller particles are in the very 
fine silt to clay size ranges. This sample is mod­
erately well sorted, better sorted than the sam­
ples from higher levels in the section. 

2. Particle shape: the elongation varies from equi­
dimensional to strongly elongate tabloids. More 
than 80% of the particles are in the equidimen­
sional to tabloid range. The particle irregularity 
tends to be in the 'irregular' ranges 1.4 to 2.1. 

Sample BS JOA. The organic assemblage is similar 
to that in sample BS 10, but is very rich in organic 
matter. This sample has a higher amount of rela­
tively dark material than sample BS 10. The orga­
nic fraction recovered was very large. 

The textural characteristics are very similar to 
those of sample BS 10. 

Sample BS JOB. The organic assemblage is mainly 
composed of woody and coaly ('charcoal') materi­
al. There is a change in the general composition of 
the organic assemblage, with a tendency towards 
higher amounts of dark material. Delicate tissues 
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are absent, and the sample is characterized by a 
high concentration of dense and thick micro­
scopical plant remains. The organic fraction re­
covered was fairly poor. 

Textural characteristics (Fig. 2e) are: 
1. Particle size: more than 80% of the particles are 

in the coarse to medium silt range. The coarser 
particles are in the very fine sand range, but they 
are relatively rare in the sample. Most particles 
are in the coarse to medium silt ranges. The 
smaller particles are in the very fine silt to clay 
ranges. This sample is well sorted. 

2. Particle shape: the relative elongation varies 
from equidimensional to strongly elongate tab­
loids. More than 80% of the particles are in the 
equidimensional to tabloid range, although the 
elongate tabloids are present in significant 
amounts. The relative irregularity tends to be in 
the 'irregular' range (1.4 to 2.1), with most val­
ues in the 1.8 to 2.1 range. 

The crevasse splay subenvironment 

General remarks 

In the upper delta there are many crevasse splay 
fans of different size. This study deals with two of 
these features (Fig. 1): one small fan with an area of 
about 10.000 m2 and a sediment thickness of 1.10 m 
in the central part and 0.70m near the end border, 
and one major crevasse feature with the main chan­
nel inundated throughout the rainy season. 

In the small crevasse splay two cores were taken 
(Fig. 1). In both cores, below the crevasse splay 
sediments, a sand layer of unknown thickness was 
found, probably belonging to the river sand bar 
deposits. 

The first core was drilled in the central area of 
the crevasse fan , the second core was drilled near 
the transition from the crevasse fan to the back­
swamp and this last one yielded only 0. 70 m of fine 
sediments on top of the underlying sand layer. The 
sample position is shown in Fig. 1. 

From the first core the following samples were 
recovered: 
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- Sample CS 11, from the core top, consists of 
0.54 m of grey-mottled, silty clay with Montri­
chardia sp. fibres; 

- Sample CS 12, from the top of a mottled sandy/ 
silty grey clay 0.56 m thick, with a higher organic 
content than sample CS 11; 

- Sample CS 13, from the base of the mottled 
sandy/silty grey clay. 

From the second core the following samples were 
recovered: 
- Sample CS 17, taken at the core top, consists of 

0.70m of grey-mottled, silty clay with Montri­
chardia sp. fibres; 

- Sample CS 15, taken at the base of the mottled 
sandy/silty grey clay, 0. 70 m below sample CS 
17. 

The major crevasse splay samples were taken on a 
cut-off in sandy sediments of the main crevasse 
channel. 

Sample NL 20 consists of a yellowish sand, and 
was taken at 50 cm below the crevasse fan top. 
Sample NL 21 also is a yellowish sand, situated 
about one meter below sample NL 20 and very near 
the water level. 

Sample description 

Sample CS 11. The organic matter is of a terrestrial 
type, cuticle/epidermal, woody and humic gel ma­
terial. Some fungal remains are present, but in low 
concentrations. The organic fraction recovered 
was fairly poor. 

The textural characteristics (Fig. 2f) are: 
1. Particle size: the grain size histogram based on 

the number of particles shows a platykurtic dis­
tribution, with grain sizes from medium sand to 
clay. The sum of the areas grain size histogram is 
characterized by a bimodal distribution. This 
distribution is determined by a strong deficit in 
fine and very fine sand, and might be related 
with the hydraulic characteristics of the water 
flow . 

2. Particle shape: the relative elongation varies 
from equidimensional to strongly elongate tab­
loids, but more than 80% of the particles are in 
the range of equidimensional to tabloid shapes. 

The relative elongation histogram is flat (platy­
kurtic distribution) . The relative irregularity va­
ries from 'irregular to very irregular' 1.4 to 3.1, 
most values laying in the range of 1.5 to 2.5. 

Sample CS 12. The organic matter is of a terrestrial 
type: cuticle/epidermal, woody and humic gel ma­
terial. Some fungal remains are present in low con­
centrations. The organic fraction recovered was 
fairly rich. 

Textural characteristics (Fig. 2g) are: 
1. Particle size: the grain size histogram, based on 

the number of particles, shows a platykurtic dis­
tribution, with grain-sizes ranging from medium 
sand to clay. The bimodal grain-size histogram, 
based on the sum of areas, is a common feature 
in all the grain size distribution graphs of the 
crevasse splay samples, with the exception of 
sample CS 17 located very near the backswamp 
limit. The bimodal shape results from a strong 
depletion in the values of fine and very fine 
sand. 

2. Particle shape: the relative elongation varies 
from equidimensional to strongly elongate tab­
loids, but more than 80% of the particles are in 
the equidimensional to tabloid range. The rela­
tive elongation histogram is relatively flat. The 
relative irregularity values vary from 1.3 to 3.3, 
with few particles in the 3.3 range, and most 
values in the 'irregular' range 1.5 to 2.5. 

Sample CS 13. The organic assemblage of this sam­
ple is identical to the assemblage in sample CS 12. 

Sample CS 17. The organic matter is of a terrestrial 
type: mainly cuticle/epidermal, woody and humic 
gel material with some fungal remains in low con­
centrations. The organic fraction recovered was 
fairly rich. 

The textural characteristics are: 
1. Particle size: the grain size histogram, based on 

the number of particles, is characterized by a 
relatively flat distribution, with a grain size 
range from fine sand to clay. The grain size 
histogram, based on the sum of areas, is uni­
modal. 



2. Particle shape: the relative elongation histogram 
is flat and shows a platykurtic distribution. The 
values are from equidimensional to strongly 
elongate tabloids, with more than 80% of the 
particles in the equidimensional to tabloid 
range. The relative irregularity values are from 
1.4 to 3.2, with most particles in the range of 1.4 
to 2.6. 

Sample NL 20. This sample was taken in the main 
crevasse splay channel and the organic assemblage 
is very similar to that in samples CS 11-CS 13. 

Sample NL 21. This sample was taken about one 
metre below sample NL 20, and almost at the water 
level. No organic matter was recovered. 

The natural levee subenvironment 

General remarks 

Natural levees are present only in the upper deltaic 
plain. The lack of natural levees, in combination 
with the presence or absence of the mangrove vege­
tation, marks the boundary between the upper and 
lower delta plain. 

The levees in the Orinoco Delta, according to 
Pfefferkorn et al. (in press) 'consist of silt to 
clay with grey to beige colour'. These levees are 
covered by dense vegetation, mainly of Inga spuria 
(Leguminosae tree). 

According to Hecht (in press) 'the height of na­
tural levees is 5 m at Boca Macareo at lower water 
stage, but levees are not present in the lower delta 
plain about 40 km before the distributary reaches 
the ocean'. In the upper delta plain 'the main sedi­
ment types are bank deposits, i.e. natural levees 
and crevasse splays deposited during high flood 
stages' ... 'various sections show interfingering of 
sand barback swamp- and flood basin sediments 
with levee deposits'. 

In the natural levee sampled for this study, a 
0.42 m long core was taken very near the described 
small crevasse splay. The recovered sediments con­
sist of very dirty mottled silty sands with root re­
mains. 
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Sample NL 18 was taken at the core top and 
sample NL 19 was taken 0.40 m below the top (Fig. 
1) , both samples consist of silty mottled sand. 

Sample description 

Sample NL 18. The organic matter is terrestrial, 
with a high proportion of dark material (woody, 
humic gels and coaly fragments), but there are also 
relatively numerous epidermal/cuticle remains, 
mainly in the coarser fractions. The organic matter 
recovery was fairly rich. 

The textural characteristics are: 
1. Particle size: particle grain sizes vary from very 

fine sand to clay, with most of the particles in the 
silt size range. The organic matter is moderately 
sorted. Very fine silt is clearly the dominant 
grain size. 

2. Particle shape: almost 70% of the particles have 
an equidimensional to quasidimensional shape, 
the relative elongation histogram shows a step­
like distribution. The relative irregularity varies 
from 1.4 to 2.8, but most particles are in the 
'irregular' 1.5 to 2.2 range. 

Sample NL 19. The organic assemblage is very 
similar to that of sample NL 18, but the organic 
fraction recovered was poorer. 

The textural characteristics (Fig. 2h) are: 
1. Particle size: the assemblage in general consists 

of coarser particles than NL 18, with grain sizes 
in the range of medium sand to clay. Although 
about 40% of the particles fall in the medium silt 
range, the sum of areas histogram is relatively 
flat in the medium sand to medium silt range. 

2. Particle shape: the histogram of relative elonga­
tion shows a step-like form similar to that of 
sample NL 18; about 70% of the particles are in 
the equidimensional to quasidimensional range 
and 90% of tabloid shapes are included. The 
relative irregularity values are concentrated in 
the 'irregular' range of 1.5 to 2.4, although 
values may rarely reach 3.1. 
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Discussion of subenvironment models 

The Oxbow Lake subenvironment characterization 

The characteristics of the organic matter assem­
blages present in this high rate sedimentation envi­
ronment, are directly related to the area of the lake 
and to the season (low and high water) during 
which the sedimentation took place. This is shown 
by the different characteristics of the organic as­
semblages recovered from the bottom surface and 
from the core, as discussed below. 

Oxbow Lake. rainy season 
There are relatively minor variations in composi­
tion and texture of the organic assemblages reco­
vered from the sediments that were simultaneously 
deposited at the bottom of the Oxbow Lake during 
the onset of the rainy season. These variations are 
related to the distance from the source vegetation 
or the relative position of the sample within the 
lake. 

Generally, the assemblages are very rich in orga­
nic remains, with epidermal, woody and humic gels 
in the coarser fraction, and humic gels, together 
with biodegraded materials, in the finer fraction. 
Insects and fungal remains are very abundant in all 
fractions. From the textural point of view the grain­
size values vary from those of medium sand to clay, 
although most particles are in the silt range. Parti­
cles are highly variable in relative elongation from 
equidimensional to filiform shapes, but the grains 
have relatively simple outlines. 

Samples located on the former point bar side, are 
very similar, OXB 1, OXB 4 and OXB 6 are almost 
identical in organic matter composition and tex­
ture. The nearest vegetation in the water surface 
(main source of organic matter) was represented in 
these cases by a floating flora (herbs such as Paspa­
lum sp., Cyperus sp., Azolla sp. and Eichornia 
crassipes). The differences observed with respect 
to sample OXB 7 are related to the influence of the 
nearby levee vegetation (Inga spuria trees), re­
flected in the higher amount of coarser material. 

The centre of the lake is represented by OXB 5. 
From the textural point of view this sample is quite 
similar to OXB 1 and OXB 6, but the coarsest 

fraction is depleted in the number of particles, 
probably as a result of transport selection of the 
material from both sides of the lake (one border 
with the levee tree Inga spuria and the other with 
floating flora), leaving a smaller amount of coarse 
material available. 

Oxbow Lake, dry season 
Samples from below the present bottom are very 
different in organic matter composition and texture 
when compared with samples from the water/bot­
tom interface (sample OXB 4 is considered as a 
water/bottom interface sample). 

These 'dry season' samples are characterized by 
the concentration of darker and thicker materials 
(woody, humic gel and 'charcoal' materials). In 
textural terms, the samples are depleted in fines 
and grain distribution graphs show almost normal 
distributions. Particles tend to show equidimen­
sional to tabloid shapes with regular grain borders. 

Probably climatic conditions, such as at­
mospheric humidity and temperature, together 
with the type and length of transport of the organic 
materials during the low water season might ex­
plain the differences between the characteristics of 
the organic matter assemblages observed in the 
Oxbow Lake. 

The back swamp subenvironment characterization 

The characteristics of the organic assemblage in 
this subenvironment are related to the variations in 
the nature of the swamp and the change of seasons. 

There is also a relationship between the changes 
in 'lithology' and the changes in organic matter. 
The three different 'lithological' levels found in the 
core (Fig. 1) are linked to the three main organic 
assemblages observed; from base to top: 
- Level A: grey clay with oxidation spots and 

plant remains, mainly roots, 1 m thick, repre­
sented by samples BS 10, BS 9 and BS 8; 

- Level B: peat, 0.05 mlayer, represented by sam­
ple BS lOA; 

- Level C: grey plastic clay, 0.35 m recovered, 
represented by sample BS lOB. 



Montrichardia Backswamp, Assemblage A 
This assemblage is present throughout Level A. 
This 1 m thick clay deposit, probably represents 
sedimentation conditions similar to those prevail­
ing today at the Montrichardia back swamp. 

Samples located in that layer are very similar in 
organic matter composition. The observed differ­
ences are probably artificially induced by human 
activities in the area, through the cutting and burn­
ing of part of the swamp vegetation, to allow the 
transit of domestic animals. This burning most 
probably contributes to the high amount of 'char­
coal' in the surface sample. 

The organic fraction recovered in both samples is 
fairly rich, with a coarse fraction represented by 
epidermal/cuticular and woody material. The fine 
fraction is dominated by humic gels, woody and 
degraded material. 

From the textural point of view there are some 
differences between the samples, specially in the 
grain size distributions. Sample BS 8 is better sort­
ed and has in general a smaller grain size. With 
respect to the shape of fragments, those are quite 
similar in all kind of shapes, from equidimensional 
to filiform, but contain relatively simple fragments 
with a low irregularity value. 

Flood basin deposits, Assemblage B 
(wet conditions) 
This assemblage is present in the base of Level A 
and in Level B (samples BS 10 and BS lOA). Sedi­
mentation probably took place when the back 
swamp was covered with a layer of water or was a 
small flood-basin lake. 

Organic matter in the coarsest fraction is repre­
sented by large epidermal/cuticular remains (fine 
sand size range). In the very fine sands and silts, the 
main components are woody and coaly 'charcoal' 
particles. In the finest fraction there are fungal 
remains and degraded material. Generally, the or­
ganic assemblage is dark in colour. Organic particle 
sizes vary from fine sand to clay. The samples are 
moderately well sorted, but mostly better than in 
assemblage A. 

The particle shape lies mainly in the equidimen­
sional to tabloid range and shows low irregularity 
values. 
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Flood basin, Assemblage C (dry conditions) 
This assemblage is present in Level C (sample BS 
lOB). This is a very particular assemblage of orga­
nic matter, probably representing a period of slow 
sedimentation and highly oxidising conditions, a 
dry interval in the flood basin. 

The organic matter is mainly composed of woody 
and coaly material, no delicate tissues are present. 
The particle size is mainly in the coarse to medium 
silt range and the distribution is well sorted. 

The crevasse splay subenvironment 
characterization 

Samples from this high sedimentation rate subenvi­
ronment are very similar in compositional and tex­
tural characteristics. The only differences are in the 
amount of organic matter (sample CS 11 is poor, 
and sample NL 21 has no organic matter), while the 
coarser fraction is absent in sample CS 17 which is 
located very near the transition from the crevasse 
splay to the backswamp. This probably indicates 
that here characteristics of the two subenviron­
ments are shared. 

Generally, the organic matter is of the terrestrial 
type, cuticle/epidermal, woody and humic gel ma­
terials, with fungal remains present but in low con­
centrations. There are very few medium sand parti­
cles and most of the particles range from the medi­
um to very fine silt size. 

The organic fraction is fairly rich. Grain-size his­
tograms, based on the number of particles, have a 
characteristic, relatively flat distribution, with par­
ticles in the medium/fine sand to clay range. In 
most grain size histograms (based on the sum of 
areas) the bimodal distribution is very distinctive of 
this subenvironment; it is caused by a strong deple­
tion in the fine or very fine sand sizes. The shape 
distribution is also very similar. Particle-relative­
elongation histograms show a relatively flat distri­
bution, with values from equidimensional to 
strongly elongate tabloids, but with more than 80% 
of the particles in the range of equidimensional to 
tabloid shapes. The relative irregularity varies 
from 1.4 to 3.2, with most values in the 1.4 to 2.5 
range. 
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The natural levee subenvironment characterization 

The organic assemblages recovered from this sub­
environment are compositionally characterized by 
organic matter of a terrestrial type with high con­
centrations of dark material (woody, humic gels 
and coaly), and strong variations in the organic 
compound. The particle size varies from medium 
sand to clay, with most particles in the silt size 
range. The particle edges tend to be very simple 
and grains are mainly equidimensional to tabloid in 
shape. 

Conclusions 

- Every subenvironment in the Orinoco Upper 
Delta plain has its own organic assemblages and 
textural parameter distributions. 

The Oxbow Lake rainy season assemblages are 
rich in light-coloured organic matter, with abun­
dant fungal and insect remains; they are usually 
coarse-grained, and exhibit a highly variable parti­
cle shape. The dry season organic assemblages are 
poorer and the organic matter is darker, material 
representing the finest particle size is scarce. 

The Montrichardia backswamp/flood basin as­
semblages are also related to the flood and dry 
periods of the basin. Dry periods in the flood basin 
are characterized by very poor organic matter as­
semblages consisting of woody and humic gel mate­
rial, well-sorted with most particles in the coarse to 
medium silt size-range. The flood stages are char­
acterized by a very high content of organic remains 
of variable composition and a wide range of parti­
cle sizes and shapes. 

The crevasse splay assemblage is characterized 
by a strong bimodal particle size distribution, and 
by fluctuations in the amount of organic matter 
preserved at different levels of the fan . The compo­
sition of the organic remains is constantly repre­
sented by cuticle, epidermal, woody and humic gel 
material. 

The natural levee organic assemblage is highly 

variable in the abundance of organic matter, but in 
general has a high concentration of dark terrestrial 
material. Poorly sorted distributions show a wide 
range of grain sizes varying from medium sand to 
clay. 

The observed differences indicate that in a given 
major environmental framework (e.g. the Orinoco 
Upper Delta), the quantitative study of organic 
assemblages allows detailed subenvironmental in­
terpretation. 
- Changes in the sediments are reflected in the 
composition and/or texture of organic matter as­
semblages, as shown in the variations described in 
the Montrichardia backswamp core, where differ­
ent lithological levels are related to changes in the 
textural and compositional characteristics of the 
organic assemblages recovered. 
- Changes in the characteristics of organic matter 
assemblages are not always reflected in the sedi­
ment texture or colour, because organic matter 
assemblages are very sensitive to any change in the 
physico-chemical conditions of the sedimentary en­
vironment or to changes in the energy of the trans­
porting current. This can be clearly shown in the 
Oxbow Lake, where two different organic assem­
blages were recovered from a continuous homoge­
neous grey clay core. These changes are apparently 
related to changes from the dry to the rainy season 
sedimentation. 
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