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Paleopedology of Ramapithecus.bearing sediments, North India 
By GAILY D. JOHNSON, Hanover *) 

With 12 figures and 2 tables 

Zusammenfassung 

Es wird untersucht, inwieweit es fiir die tlekonstruktion des frfiheren Bildungs- 
milieus sinnvoll ist, in Verbindung mit anderen sedimentologischen Erscheinungen 
fossile BSden mit heranzuziehen, und zwar nach einer Analyse der Merkmale pedo- 
genetischer Ver~inderungen in bestimmten Ablagerungen der Alluvialebenen in der Um- 
gebung yon Haritalyangar, Bilaspur, H.P., Indien, in denen die hominoiden Primaten 
Ramapithecus und Dryopithecus gefunden worden sind. Die untersuchten alluvialen 
PaleobSden zeigen, verglichen mit der urspriinglichen Ablagernngsstruktur, Abweichun- 
gen in ihren Eigenschaften, die dutch sekund/ire pedogenetische Prozesse bestimmt 
sind. 

Die PaleobSden der Nagri-Stufe yon Haritalyangar sind eisenreiche tropische B6den 
oder schw~ichere Oxib6den, die in den typischen Toposequenzen der Alluvialebenen 
entstanden sind und die aufgrund ihrer verschiedenen Entfernung zu alten FluB- 
l~iufen alle eine etwas unterschiedliche Vergangenheit widerspiegeln. 

Abstract 

The utility of using fossil soils in addition to other sedimentologic evidence in 
reconstructing past environments is considered with a preliminary analysis of the 

*) Author's address: Dr. G. D. JOHNSON, Department of Earth Sciences, Dartmouth 
College, Hanover, New Hampshire 08755, U.S.A. 
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character of pedogenie alteration of selected floodplain deposits which have yielded 
the hominoid primates Ramapithecus and Dryopithecus in the vicinity of Haritalyangar, 
District Bilaspur, H.P., India. The alluvial paleosols studied reflect variance of pro- 
perties which are related to original depositional fabric modified by secondary pedo- 
genic processes. The Nagri aged paleosols of Haritalyangar are ferruginous tropical 
soils or low-grade oxisols developed on typical floodplain toposequences, all reflecting 
somewhat varied histories as a function of proximity to ancient active stream courses. 

R6sum4 

On consid6re ici la possibilit6 d'utiliser des sols fossiles en plus d'autres 6vidences 
sedimentologiques pour reeonstruire les environnements du pass6. On pr6sente aussi 
une analyse pr61iminaire des caraet6ristiques de modifications p6dog6niques de eer- 
thins s6diments de plaines alluviales, qui ont livr6 les primates hominoides Raraapithe- 
cus et Dryopithecus, au voisinage de Haritalyangar, district de Bilaspur, H.P., Inde. 
Les pal6osols alluviaux 6tudi6s r6v61ent diverses propri6t6s earaet6ristiques de d6p6ts 
originaux, modifi6s par des proeessus p6dog6niques secondaires. Les vieux pal6osols 
de Nagri, aux environs de Haritalyangar, sent des oxisols peu 6volu6s, form6s sur des 
s6quence topographique typique de plaines alluviales. Tous refl6tent quelque peu des 
stages divers selon leur proximit6 d'aneiens eours fluviatiles aetifs. 

KpaTi{oe co~ep~i~aHHe 

IIpoBep~aH HacKo~KO ~BJIHeTC~I Heo6xo~HMV.IM /~JI~ peI~OHCTpyK~H~ npe~He'~ 
cpe~bi IIpHB/~eKaT~, Hapa~y C HH~MH ceD~IMeHTO~OrHqeCKHMH npOHBJXeHHHMH, 

BMeI~ammae oKaMaHeJ'IOCTH ~-peHI-IHe nOqBL~, H HMeHHO nocJIe  O~eHEH n e ~ o -  
reHeTHqeCKHX HSMeHeHI4~I B H3BeCTHI~IX OTJI0;K~eH_VIYIX aJIJItOBHHJEbHO~ paBI-IHH]~I, 
B KOTOp~IX y H a r i t a l y a n g a r ' a ,  B i l a s p u r ' a  H.P . ,  t IH~Za ,  05Hapy~I~HJ~H OCTaHEH 
FOMHHOH~HI~IX IIpHMeTOB paMaIIHTeKa H ~pHOHHTeI~a. I/IccJIe~OBaHHH ~peBHHX 
aJIJItOBHaJII~HI~IX naJIeonoqB noKa3aao, ~T0 H3MeHeHHH HX xapaKTepHCTHK riO 

OTHOIIIeHHI~0 I~ HepBHqHI~IM OT310~KeI-IHHM, Bt~I3BaHBI BT0pHqHBnVIH IIe~OPeHeTH- 
~eer~MH rrpo~eceaMm 

~]~peBHHe notIHl~ 2pyca HarpH B Haritalyangar HBJIHmTCH HJIH ~Ke 6oraT~,:e 
~eJIeSOM TpOIIHqeeKHe IIOqB7~I~ HJIH ~Ee eJIaSO OKHCJIeHHI~Ie H0~IBBI, BOSHHKIIIHe 
B THnHqHBIX CBHTaX aJIJItOBHaJII~HO~ paBHHHBI H, B p e 3 y ~ T a T e  Hx 5JIHSOCTH 
E %I-peBHHM p e q H ~ M  pyc~aM,  MOryT SO HeKOT0pO~I CTeIIeHH oTpa~KaTI~ HX p a 3 J ~ q -  
HOe n p o m 2 o e .  

Introduction 

Alluvial facies form a substantial part of the molasse deposits associated with 
the South Asian alpide system. In the northern part of the Himalayan exogeo- 
syncline upwards of 7000 meters of alternating sandstone/mudstone couplets 
record the progressive unroofing of the Himalayas during the Neogene and 
Quaternary. These sediments, the Siwalik Group of North India and Pakistan, 
known from various localities along the Himalayan foothills, additionally re- 
present one of the most continuous and complete records of mammalian faunal 
evolution recognized in the world. 

The Siwalik Group as exposed in the Potwar Plateau area of Pakistan and in 
the Siwalik Hills of the Himalayan foothill belt of India (Fig. 1), have long been 
considered both the stratatype for South Asia Land Mammal Ages, and an 
important fossil hominoid primate-yielding sedimentary interval. As a result, 
considerable interest in the vertebrate paleontology of this sequence has been 
maintained over the years with the result that several rather extensive faunal 
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Fig. 2. Relationship of South Asian Neogene/Quaternary mammalian biochronology 
to the Haritalyangar (India) local fauna and the lithostratigraphic sequence exposed 

near Haritalyangar. 

collections have been made and intensively studied (PILGRIM, 1910, 1913; 
MATTHEW, 1929; COLBERT, 1985; LEWIS, 1987; DEHM et al., 1958, 1968; HUSSAIN, 
1971; HEIssm, 1972). 

Unfortunately the same intensity of the study has not been afforded the litho- 
stratigraphy of the Siwalik Group. Aside from several studies of the gross sedi- 
mentological character of the sequence (CoTTES, 1983; KRYmNE, 1987; GmL, 
1951; MIS~A & VALDIY~t, 1961; SAHNI & MATHU~, 1964) only a few have attempted 
to characterize the specific mode of deposition of Siwalik rocks (JOHNSON & 
VOND~, 1972; HALSTEAD & NANDA, 1973). 

Recent interpretations of the paleoecology of Dryopithecus and Ramapithecus- 
bearing sediments from the middle part of the Siwalik Group (the Nagri Forma- 
tion and equivalent intervals) have been made based on the comparison of fossil 
mammalian assemblages with their modern extant counterparts (TATTERSALL, 
1969 a, 1969b; LEAKEY, 1969; PRASAD, 1971). These interpretations, based on 
the composition of Nagri fauna (Fig. 2) from localities in the southern Pot-war 
Plateau (Pakistan) and from the vicinity of Haritalyangar, District Bflaspur, 
H.P. (India), erect a paleosynecology suggestive of gallery forests developed 
along streams meandering through a rather closed mixed grassland-tree savanna 
(T~TTERSALL, 1969 a). The lack of an open grassland vegetative physiognomy in 
Nagri time is fairly well agreed upon by the above workers, including KRYNINE 
(1987), in his treatment of Siwalik sedimentological trends. Just when in the 
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sequence a typical open savanna physiognomy developed is not well documented, 
but the general consensus (K~Y~rI~, 1987; TATTEaSALL, 1969 b; PRAS~-D, 1971) 
places this within the Dhok Pathan. The Nagri therefore must record this transi- 
tion from presumably grassy woodlands to grassland savanna - -  a record of 
increased seasonality of rainfall distribution. 

Although the alluvial character of the Siwalik sequence is well established, 
little specific paleoenvironmental/paleoclimafic data exists to aid in the inter- 
pretation of the compositional changes which are observed in the faunal succes- 
sion. Many of the individual fluvial lithosomes of the Siwalik Group however 
contain evidence of postdepositional "overprinting" of original deposifionat fabric 
by soil forming processes such that the original depositional character of these sedi- 
ments is modified. It is with this in mind that data are presented concerning the 
fossil soils associated with Nagri aged alluvial sediments in hopes of providing a 
faunally independent interpretation of the paleoenvironment/paleoelimate of 
the time. 

Alluvial Morphology and Soil Development 

Soil development on an alluvial landscape stands apart from pedogenesis in 
"upland" environments in several ways. Insufficient residence time on the 
landscape for detectable horizonation, non-uniform parent material addition, 
variable lithologic boundaries, irregular distribution of alluvial lithotopes, and 
a depositional mechanism contemporary with soil formation all contribute to 
complicate the genetic interpretation of alluvial or cumulative soils (NrKIFOaOFF, 
1949; Sore StrRVEY STAFF, 1960, 1967). 

Cumulative soils develop on parent material which is not static, but which is 
undergoing a slow and steady process of upbuilding by increment additions of 
sediment (alluvial, colluvial, eolian). Additionally, the sequence of subsequent 
soil horizonation differs from the ABC horizonation of non-cumulative soil 
types. It is more than just C horizon material (alluvium in the sense of this 
discussion) being transformed to an A1 or B horizon directly; it involves the 
transformation of new surfieial parent material into a new A1 and transformation 
of the former A1 into a B horizon (FOLKS, 1954; PLYUSNIN, 1960; RrECKEN & 
POETSCH, 1960; DAN & YAALON, 1971). Such modification of prior sola (A and 
B horizons) into undifferentiated subhorizons may be just the reason why many 
paleopedological studies recognize only B or C horizons and consider the lack 
of an A horizon to be due to subsequent erosional loss from the profile (GraBS, 
1971). 

Increment addition of new parent material to the soil profile, ff in relatively 
small quantifies and of fine-grained size, may in some distal positions on the 
floodplain not greatly affect the character of the soil sola other than to effeefively 
"overthieken" the A horizon (Sore SUnVEY STAFF, 1960, 1967). More than likely, 
however, increment addition will impose a new initial condition with the sub- 
sequent changes mentioned above affecting the profile. In the environment 
distal to the influence of the main fluvial channel, pedogenie processes are in 
pace with sedimentation; in the more proximal localities, sedimentation over- 
shadows pedogenesis, with the resultant horizonation being less well-developed 
(FOLKS, 1954; I~LYUSNIN, 1960). Soft development in the cumulative environment 
is an extremely variable factor; adjacent landforms on the alluvial plain may 
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Fig. 8. Clay and Na-dithionite-citrate extractable oxide variation within soil profiles 
developed on Missouri River floodplain toposequence, U.S.A. (Lat. 49. ~ N; Long. 
96 ~ 15' W). Brunizem and humic-gley soils are potential in the area. Sites for indivi- 
dual profiles positioned on diagram according to principal physiographic feature with 
which they are associated: L, levee; L-PFb, levee-proximal floodbasin; PFb, proximal 
floodbasin; DFb, distal floodbasin; aL, abandoned levee; C, colluvinm. Depth and 
parameter values for ordinate and abcissa of each profile are the same. See lower 
right for explanation. Arrow points in direction of decreasing influence by stream, 
R, on floodbasin. Soil names as follows: 8, 11, Kennebec zl; 5, Napier zl; 10, 598, Colo 
zcl; 15, McPaul zl; 141, Lutton zc; 149., Albaton zc; 148, Haynie zl; 158, Salix zcl; 
481, 499, Zook zel; 595, Ely zc]; 688, 689, 642, Coppock z]; 640, Chequest zcl; 641, 

Carlow zcl. Interpretation by G. D. J. Original profile data from ns LEON (1961). 

have grossly different histories in terms of their sedimentation record and the  
extent to which increment sediment addition has taken place. 

An example of this variability in coexisting soils from adjacent sites is illustrated 
in Fig. 8. In this example, modem, temperate elinlate, floodplain soils developed 
within a stream reach of well-developed meander  belt physiognomy show con- 
siderable compositional variation. Texture and Na-dithionite-eitrate-extraetable 
(di-Fe-2Os, di-MnO) oxide distribution within individual profiles and among 
adjaeent profiles are extremely variable. 

Clay distribution within alluvial soil profiles generally tends to reflect the  
depositional process, proximality and energy relationships of the depositing 
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medium and minor evidence of pedogenic processes. Pedogenic clay trans- 
location where identifiable is most evident in distal floodbasin environments. 
di-Fe~O a distribution generally mirrors clay content, depositional or pedogenic. 
Even with young sediments, the oxide distribution follows the clay curve. 

di-MnO distribution reflects a greater degree of leaching within most profiles. 
In the more poorly drained, topographically low-level sites, there is a direct 
response of Mn to pH of the soil water: i. e., increased mobility with lower pH. 

If preserved in the rock record, these soils - -  as paleosols - -  would be most 
difficult to interpret without knowledge as to their position on the ancient 
alluvial landscape. The properties illustrated in Fig. 8, however, can be observed 
in most ancient soil profiles. Indeed, the distribution of mobile oxides and 
various fabric traits in paleosols reflect the relict results of earlier pedogenesis. 

Stratigraphy of the Siwalik Succession at Haritalyangar 

The sequence of fossilferous pedogenieally modified fluvial sediments of the 
Siwalik Group exposed in the vicinity of Haritalyangar, District Bilaspur, H.P. 
(India) represents nearly 8000 meters of freshwater molasse, the product of the 
complex denudation of adjacent thrust masses in the Himalayan orogen during 
the Neogene (JOHNSON, 1971). In northern India the Siwalik Group is exposed 
in several thrust plates developed in the folded and faulted northern margin of 
the Himalayan exogeosyncline. One of these thrust plates carries the Haritalyan- 
gar sequence, which is one of the most fossiliferous and best exposed in the entire 
foothill belt. 

Prior stratigraphic studies in this region (LEwis, 1982; GILL, 1951; CHAUr)rmI 
& Gm'TA, 1969; JOHNSON & VOND~& 1972) aimed at elucidating the paleo- 
environment of these important hominoid primate yielding sediments have 
differentiated several distinct lithostratigraphic units which are locally mappable, 
but which are of questionable use in regional lithologic correlations due to the 
usual quirks of fluvial sedimentation. 

Useful lithostratigraphic units which are recognizable in the field have been 
proposed by GmL (1951) for the region of Plate C (Fig. 4) and have been ex- 
tended earlier to the Haritalyangar sequence (VoNDRX & JorINsoN, 1968). 

The principal fossiliferous horizons of the Haritalyangar area occur within the 
"Lower" and "Upper Alternations" (Figs. 5 and 6). Specific sites yielding the 
aforementioned dryopithecine and hominid fauna are restricted to the "Lower 
Alternations" 1). 

Paleopedology of Ramapithecus-and-Dryopitheeus-u Sites 

In an effort to systematically study the fluvial sediments of the Haritalyangar 
area, the known genetic relationships of fluvial sand bodies to immediately over- 

1) The recovery of one specimen of R. punjabicus (form. R. brevirostris) (YPM 18 799) 
which was initially reported (LEwxs, 1934) to have been found from a horizon near the 
top of the "Upper Alternations" (fluvial cycles 71--73) may be an exception. Sub- 
sequent study of this specimen (LEwis, 1937; SIMONS, 1968), however, has suggested 
that, it probably came from the fossiliferous "Lower Alternations", specifically, the 
euesta scarp which has yielded most of the prior primate collections, up-section from 
and to the east of Haritalyangar (fluvial cycles 87--88; 42---44) (Figs. 6, 7 and 8). 
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76  ~ ~ 0 '  

5. 0 IO 20 30 km. 

Fig. 4. Tectonic sketch map of the Haritalyangar (India) area. Individual thrust plates 
of the Himalayan paraautochthon are labeled. Undifferentiated thrust plates of the 

Himalayan allochthon are represented by 'hatchered" pattern. 

lying mudstone intervMs was utilized (see ALLEN, 1965). Any sedimentary unit 
can thus be discussed in terms of its position in a sandstone-mudstone couplet, 
that is, a fluvial cycle. In all about 80 fluvial cycles can be recognized in the 
Siwalik interval at Haritalyangar (JOHNSON & VONDRA, 1972). Those of the 
"Lower Alternations" (fluvial cycles 18--52) (Fig. 5) reflect the development of 
a well defined meander belt physiognomy with distinct proximal to distal facies 
variability within the vertical accretion floodplain (overbank) deposits. With 
few exceptions, the channel sand bodies of the "Lower Alternations" are not 
multistoried but reflect single phase erosion and lateral accretion (Fig. 7). This 
is not the ease with the floodplain mudstones; multistoried alluvium and splay 
sandstones often reach considerable thickness as in the hominoid-bearing verti- 
cal accretion deposits along Haft Mandar dhar (the cuesta scarp of some 
workers) (Figs. 5, 6 and 8). 

Field evidence from fluvial cycles No. 8 7 - ~ 8  and No. 42--~4 (Figs. 5 and 6) 
indicates that the most fossi]fferous localities of the Haritalyangar sequence lie 
in proximal position to adjacent channels, stratification indicating a definite 
floodbasin environment. Few lateral accretionary facies yielded bone. Apparent 
fossil softs exist within much of the "Lower Alternations" interval and were 
sampled frequently. 

From what limited catenary relationships which can be deduced (due to con- 
ditions of outcrop), paleosol profile No. 54 (selected from fluvial cycles No. 37 to 
38) lies in near toe-slope position lateral from an adjacent levee deposit. Inter- 
calated within the cycle are several thin (0.8--0.8m) splay sands. Paleosol 
profile No. 60 (selected from fluvial cycles No. 42--44) was developed in a more 

199 



o 

w
 

E
 

H
AR

I 
BA

G
YU

N
D

A 
TA

R
G

R
AL

E 
R

U
PA

R
I 

H
A

R
I 

M
AN

D
AR

 

{ 
po

'le
os

ol
 

~ 

.A
,*:

A,
V 

~H
A

O
- 

t 
"~

 
"
 

~
47

b 

--
 

~ 
~ 

C
u
e
s
l
a
 

S
c
a
r
p
 

o
f 

H
u

ri
ta

ly
a

n
g

o
r 

~
J

 

" 
3

4
 

0
 

5
 0
 

I
0
0
 

1
5
0
 

�9
 

P
 

-
-
-
 

', 
m

e
te

rs
 

F
ig

. 
5.

 S
ch

em
at

ic
 p

ro
fi

le
 o

f 
"J

~o
w

er
 A

lt
er

na
ti

on
s"

 o
ut

cr
op

 i
n 

th
e 

vi
ci

ni
ty

 o
f 

H
ar

ita
ly

an
ga

r 
(In

di
a)

. 

N
 

C
~ 



3 1 0 3 3  ' - -  

7 6 0 3 7  ' 76038 ' 

% 

/ 

(udswah 
\ 

~ ~ r ~ ~ ~ 

Bun|halah 

31~ 

l_ 
O" 

\ 

,ri Mandal 

76039 , 

31~ 

0 

EXPLANATION 

Con=our Interval 50 feet 

0 
L I I I I I  I q--[--I 

s . . . .  

Su~,eyed 1 9 6 8 - 1 9 6 9  by 
G,D. Johnson, C.F* Vondra, 

31~ T, Bown, A. Gaston 
Original at scale of I" = 500' 

76037 , 38' 

CYCLES 42-44 

CYCLES 3~-41 

CYCLES 3 7 - 3 8  

Fig. 6. Areal distribution of important 

o,,+ 
31031 ' 

76039 ' % 

[] Base C~mps (1968-1969) 

| Bench Mark Elevation (2559') 

Quarries (Vertebrate 
farm bearing) 

hominoid-bearing fluvial sediments in the 
vicinity of Haritalyangar (India). Channel lag, lateral accretion, and genetically related 
vertical accretion fades are recognized and are represented in the map units indicated. 
See Fig. 5 for cross-sectional representation of the interval from fluvial cycle No. 87 

to No. 44. 



Aufs/itze 
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Fig. 7. Schematic representation of a portion of the "Lower Alternations" sequence 
exposed near Haritalyangar (India). Fluvial cycles No. 84, No. 85, and No. 86 are 
illustrated. Channel lag and lateral accretion deposits represented by dominant bed 
form. Vertical accretion (overbank or flood basin) deposits and associated paleosols are 

in black. Length of vertical bar 16 meters. 

distal position on the floodplain and involved the increment addition of sediment 
to an abandoned levee deposit. With these two examples defined, subtantive soil 
genetic evaluation of the Nagri floodplain environment and its catenary limits 
is attempted. 

Determination of free (Na-dithionite-citrate-extractable) oxides (A1, Fe, Mn) 
was accomplished by atomic absorption spectroscopy (PERI(IN-ELMEn, 1968) from 
extracts prepared according to Holmgren's (HOLMG~En,1967) sodium dithionite- 
citrate method. In this context, free oxides are defined s e n s u  OLSON (1965) and 
BLOME & SCI~WERTMANN (1969) to include the anhydrous and hydrous oxides 
occurring as discrete particles, grain coatings and "cement" which are affected 
by pedogenie processes, notably translocation. The data obtained are not for 
t o t a l  element analysis; values indicate the Na-dithionite-citrate extractable 
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Fig. 8. The cuesta scarp (Haft Mandar Dhar) up section and to the east of Haritaly- 
angar (India). View is to south. Fluvial cycles No. 42 to No. 46 are exposed. Prominent 
sandstone in upper left represents the channel lag and lateral accretion (point bar) 

facies of fluvial cycle No. 45. 

oxides only. Soluble (Na-dithionite-eitrate extractable) silica was similarly de- 
termined from the above extracts. Total carbon was analyzed by thermal- 
conductivity of evolved CO2 from high-temperature sample combustion. Analysis 
was instrumented on a LECO (Laboratory Equipment Gorp., St. Joseph, Mich.) 
automatic 70-second carbon analyzer according to procedure outlined by 
(TABATABAI • BREMNEFi, 1970, and FOSCOLOS & BAREFOOT, 1970). Sample size 
was increased on an average of 25yo above that used by TABATABAI ~: BREMNER 
(0.2--0.8 g) due to the low values encountered. Samples larger than 0.5 g were 
judged too large due to incomplete combustion during heating (above 1650 ~ C). 

Standard particle size determination of both coarse and fine fraction plus thin 
section analyses of selected horizons in each paleosol were made in order to 
characterize the fabric of the sediments. 

Finally, porosity characteristics (effective porosity, bulk density [bulk specific 
weight], rock specific weight, and pore size distribution) were determined on 
paleosols from fluvial cycles No. 87~88 and No. 42--44 using a Ftuska Mercury 
Capillary Apparatus (mercury porosimeter) with an operational pressuring 
capacity of 2000 psi. This provided an equivalent diameter minimum pore entry 
radii resolution of 0.60 # (600 A), a value including most capillarity in modern 
soils (DIAMOND, 1970). 

Profile data on less than 2 # clay seems to suggest little evidence of trans- 
location in each fluvial cycle illustrated (Figs. 9 a and 9 b). The occurrence of 
three possible argil]ic horizons in profile No. 54 and four in profile No. 60 can 
be verified on the basis of field observation. Profile No. 54 lies in a proximal 
position to an adjacent channel; stratification suggests a definite floodbasin en- 
vironment near the toe-slope of a natural levee. As a result, clay distribution 
in this profile appears to be more closely related to sedimentologie processes 
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than pedogenic. Although there is no great difference in bulk density (bulk 
specific weight averaging 2.57 throughout the profile), a mean effective porosity 
of 1.80~o seems to further corroborate the immature nature of the pedogenesis in 
this profile. 

Data on sequence No. 60 similarly reflect proximity to channel influence. The 
paleosol was developed on distal levee sediments. The four possible argillie 
horizons show little evidenee of being more than sedimentologieal layers. Bulk 
density (bulk specific weight) variation and porosity data supports this eonten- 
tion. Textural and fabric data from thin-sections indicate no transloeated clay 
which show clay skins and the oriented fabric, the diagnostic properties of 
argillic horizons in modem soils (Soil Survey Staff, 1960, 1967). This does not 
negate the possibility of in situ clay transformation in the profiles, but does 
further substantiate the inferred immaturity of the two soils mentioned. 

The problem of compaction and change in bulk specific weight due to dia- 
genesis was not studied. It was assumed, however, that for each profile, the 
variability of physical properties at different levels within the profile was mini- 
mal, the entire profile being affected essentially the same during compaction 
and lithification. 

Data on the Na-dithionite-citrate extractable oxides points up a disparity in 
the two profiles under consideration: profile No. 60 shows an irregular, poorly 
developed sesquioxide profile peaking at the 1-meter depth (0.99~o di-Al~O3; 
2.89~o di-F�89 decreasing downward towards the base of the vertical accretion 
deposits, and showing no general parallelism to the clay curve. There is, 
however, a general parallelism to the less than 2 # clay -t- medium and fine 
silt curve. 

Free di-MnO distribution generally reflects a maximum profile occurrence 
at a level below both the free aluminum and free oxide peaks (Figs. 9 a and 9 b). 
There is, however, no apparent relationship between di-MnO and day  content 
in these paleosols, an observation shared on other paleosols from the Eocene of 
the western U.S. (NEASHAM & VONDRA, 1972), and in modem soils of temperate 
floodplains (DE LEON 1961). Effective porosity values of the lithified floodplain 
deposits and percent di-MnO exhibit a positive correlation, which is a probable 
relict pedogenie property. Poorly drained (low porosity) soils exhibit high 
mobility of several pedogenic oxides with the result of greater depletion of 
these oxides with decreased drainage. 

Several interesting relationships observed in modem soils (DE LEON, 1961) are 
replicated in the two profiles in question. A ratio of m a x i m u m  percent 
di-MnO to m i n i m u m percent di-MnO (Max. ~o Mn/Min. ~o Mn) in some 
modem soils can define drainage class. In the ease of profile No. 54, this ratio 
is 4.8, poorly drained according to the same scheme. One restriction placed on 
this interpretation is that the soils must exhibit near neutral pH (undeterminable 
for fossil soils) and fairly high organic matter in the A1. Organic earbon was 
detectable (0.018--0.200Yo C) at several levels in profiles No. 54 and No. 60 
(Table 1) which correspond to inferred tipper solum positions in these two 
paleosols. Diagenesis has driven off most volatile hydroearbon compounds from 
these sediments, but the detectable earbon, p l u s  observable earbonaeeous 
stringers (plant rootlets) and root (see Fig. 11 D), lend support to this conclusion. 
Fairly high ratios (ranging from 47 to 81) of Fe to Mn (~o di-Fe.oO3/~o di-MnO) 
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Fig. 10. Plot of Na-dithionite-citrate-extractable AI20~ (di-Al~Os) vs. Na-dithionite- 
citrate-extractable Fe203 (di-F%Oz) relative to Munsell color hue. From the "Lower 

Alternations" and "Upper Alternations" near Haritalyangar (India). 

gives further evidence of differential mobility and depletion of Mr~ than Fe. 
Further, the lack of parallelism between Fe and clay distribution mentioned 
earlier, supports the concept of poorly drained soils. 

Variegated coloration of ancient floodplain sediments has been previously 
used as evidence of soil weathering. The relationship between the Na-dithionite- 
citrate-extractable sesquioxides and Munsell color hue is illustrated in Fig. 10. 
As noted, the redder hues (7.5 YR and 10 YR) exhibit greater sesquioxide values. 
These values are for non-mottled sediments. For field recognition of probable 
pedogenic horizons in the Middle Siwalik "Lower Alternations" and "Upper 
Alternations", these data appear to be useful. No analysis of these sediments 
was made to verify the possible increase in (OH)-Fe proportion of free iron 
oxide (goethite) with increasing yellow color, and an increase in anhydrous 
forms (hematite) in the strongly red hues. 

Fig. 11 indicates a lateral sequence of fresh to bioturbated sediment occurring 
in the proximal floodplain sequence just below cycle No. 88 in the "Lower 
Alternations". The ruler�9 evidence may be interpreted as fabric 
disruption or homogenization of original sedimentary structures by biologic 
activity (organisms and plant rootlets). Original slack-water vertical accretion 
siltstones (Fig. 11 a) are homogenized (Figs. 11 b and 11 c) such that only some 
relict texture remains. Earthworm burrows and plant rootlets are evident in part 
of the homogenized unit (Figs. 11 c and 11 d). Many of the mudstones exhibit 
small carbonaceous tubules (plant rootlets) throughout their entire thickness. 
These are surrounded by a small tubular zone (0.25--1.00 cm dia.) of reduced 

206 



G. D. JOHNSON - -  Paleopedology of Ramapithecus-bearing sediments, Noah India 

coloration:(Munsell color 5 B 7/1). Large tubulars structures (up to 5 cm dia.) 
have been noted, although rare, and occur within variegated mudstones con- 
raining the potamonid crab Potamon emphysetum (ALcocK 1909) 2). 

Since detrital carbonate clasts constitute a minor component (--- 7Yo of the lithic 
fraction of "'Lower Alternations" sandstones (compositional average: Q = 60~; 
F = 5~o; RF (L) = 35Yo [JOHNSON &VONDnA, 1972]), most of the variation of CaCOs 
in the profiles, while not following a regular trend, probably reflects parent material 
variation. The major differences noted in the two catenary extremes (paleesols 
No. 54 and No. 60) (Table 1) are interpreted as reflecting textural variation on 
the paleo-landscape and its subsequent influence on drainage characteristics. 

Table 1. Co3-C and organic-C content of Nagri paleosols ("Lower Alternations", 
Siwalik Group). 

Physiographic Profile Depth COs-C Organie-C 
Unit Number (cm.) (pet) (pct) 

Floodbasin, 54 10 2.754 Tr 
proximal 

40 0.011 
70 0.020 

100 0.011 
180 0.029 
160 0.148 Tr 
190 Tr 
220 0.024 
250 0.019 Tr 
280 0.018 
810 0.140 
840 0.011 
870 0.012 
400 0.007 
480 0.006 
460 0.017 
47O 0.038 

Levee, 60 15 0.105 
abandoned 80 0.147 

distal 60 0.018 Tr 
90 0.141 

105 0.094 
110 0.044 
140 0.O25 
170 9.018 
200 0.012 
230 2.648 Tr 
260 2.155 Tr 
290 0.066 
310 0.402 Tr 
840 0.867 Tr 
870 0.537 Tr 
400 0.080 
420 0.031 

2) Specimens identified by Dr. 1~. BoTr, Natur-Museum und Forschungs-Institut 
Senckenberg, Frankfurt am Main, Germany. 
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Fig. 11. Bioturbation and associated fabric features in floodplain paleosols of the 
"Lower Alternations". (Negative prints of thin-sections.) Length of vertical bar 1 cm. 
A. Undisturbed slack-water siltstones occurring in proximal position on the floodplain. 
B. Bioturbated slack-water siltstones occurring five meters laterally from A. Note relict 
texture is still preserved in top center. C. Completely bioturbated siltstone sequence 
from same horizon, but in more distal position on floodplain. New increment addition 
of clay occurs at top. Lumbricus (?) burrows at bottom. D. Bioturbated tipple-drift 
sediment on levee deposit. Small, round white objects with black centers are root 
channels. E. Homogenized floodplain siltstones with little relict texture preserved. 

Bioturbation is complete. 

The occurrence of silica in the form of amorphous silica phytoliths (material 
formed in and around plant cells from soluble silica taken up by plants as silicic 
acid) is common in most plants, being a very abundant constituent in grasses 
(BAKES, 1959). Leaf litter and other plant debris accumulating on a land surface 
will therefore contribute abundant phytoliths to the sedimentary record (SMITH- 
SON, 1956). Increment addition of new parent material to the floodplain environ- 
ment will result in the concentration of these siliceous silt-sized particles ia 
horizons representing buried land surfaces. 

208 



G. D. JOHNSON - -  Paleopedology of Ramapithecus-bearing sediments, North India 

The grasses and fresh-water algae are not the only abundant plant form 
possessing secretory cells (lithocysts) producing fine-silt sized (0.006--0.008 mm 
[7 (~]) particles. Most plant taxa exhibit eystolith-containing cells which may 
produce detrital particles as large as 0.0625 (4 @) in diameter (EsAu, 1965). 
It would appear that any reasonable period of organic litter accumulation on a 
landscape could result in a considerable concentration of these organoclastie 
particles to the point where eyelieity of overbank flooding may be determined 
from these buried accumulations. 

The geochemical stability of plant silica under variable soil conditions has not 
been fully tested, but is quite soluble above pH 9.0 (PEASE, 1967). The effects 
of diagenesis also have not been evaluated, but there is at least some conversion 
to chalcedony. It is felt, however, that regardless of the degree to which dia- 
genesis and ehalcedonic conversion has taken place, the entire profile would be 
similarly affected with residual variations still apparent. 

With these possibilities in mind, analysis of soluble silica (Na-dithionite- 
citrate extractable) was made from samples from each paleosols sampled. The 
results of the analyses on profiles No. 54 and No. 60 are illustrated in Figs. 9 a 
and 9 b. Percent di-SiOe ranges from 0.020 to 0.255 in the samples tested. Only 
in a few instances do maximum silica deflections correspond to inferred near- 
surface positions of possible buried horizons. There is, however, a fair degree of 
parallelism between increased di-SiO.~ content and sediments with a hue of 
7.5 YR. This level of coloration corresponds closely to inferred upper profile 
position in these buried soils. The general increase in silica, although not limited 
to one specific layer, may reflect a response to the bioturbation or biologic re- 
working of the upper sola as mentioned above. 

WEAVE~ et al. (1968), although not considering phytolithic silica, observed 
a relationship between soluble silica and the supply of Al, Fe, and Mg in the 
soil matrix solution. In the eases illustrated, silica is maintained in solution by 
acidity, reduction of free iron oxides and hydrolysis of marie minerals in soil 
materials occurring in positions of slow drainage. Accordingly, this leads to the 
crystallization of expansible layer silicate clays (montmorillonite) in these poorly 
drained sites (WEAvE~ et al., 1968). Although no quantitative evaluation of 
montmorillonite occurrence in the "Lower Alternations" profiles has been carried 
out, the abundance of montmorillonite and other mixed-layer clays may tend 
to support evidence for such clay transformation taking place, even in these 
immature soils. 

Discussion 

Certain properties, such as clay distribution and interrelationships between 
the mobile oxides can be used as criteria for the recognition of not only ancient 
alluvial softs, but also their drainage class. Position on the paleo-landseape is 
not difficult to differentiate from observational field data. Clay distribution 
within soft profiles reflects dominant depositional processes, proximity to, and 
energy relationships of the depositional medium, with little pedogenie alteration. 
Pedogenie clay translocation appears most evident in distal floodplain environ- 
ments on high-level sites. 

The influence that depositional Iandforms have on soils of the floodplain is 
considerable. Abandoned channelways (oxbow cutoffs), the low-level back- 
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swamp, and other low energy depressional landforms of the floodbasin are 
almost always filled by fine to very fine-grained overbank vertical accretion 
material (ALLEN, 1965). Because of their low-lying position, they invariably are 
poorly to very poorly-drained. Conversely, the higher constructional landforms 
(natural levee, crevasse splay, and fan) are almost always well-drained. This is 
a function of both relief relative to the water table of the region (river level), 
and the texture exhibited by these alluvial landforms. 

The loss of soluble components from the profile is a natural response to these 
conditions of drainage and depositional landform. Poorly-drained, low-level 
floodbasin areas are not highly leached; where partial leaching does occur, the 
upper sola are leached, and concretions are developed lower in the profile. In 
higher level areas where drainage is unrestricted, the soluble components are 
completely lost. As expected, there is a direct correlation between landscape 
position and clay translocation. Soils formed on summit positions have developed 
deeper A horizons than soils on low landseape positions for synchronous deposits. 
With proximity to the stream course and time since increment sediment addi- 
tion, most workers have observed stratigraphically higher minima and strati- 
graphically lower maxima in the clay curve. 

Data from numerous sources suggest that there is a direct relationship between 
iron and manganese oxides and natural drainage (as influenced by depositional 
morphology). Low-level soils of the floodbasin show lower free iron contents than 
adjacent higher-level floodplain features. Within these higher-level well-drained 
soils, the free iron distribution is commonly assoeiated with. the zone of maximum 
clay distribution. In poorly-drained soils, however, there may be no observed 
parallelism of clay and iron oxides. Using Fe-Mn ratio, Fe-clay ratio, Mn-clay 
ratio, it has been possible to differentiate drainage classes and relative mobflities 
of components in various floodplain environments. 

Data on the initial changes occurring in l:(ecent alluvium (Po>~s & ZONNrVELD, 
1965), when applied to the Siwalik sequence, strongly suggest that the fabric 
of most paleosols occurring in the more fossilfferous horizons in the "Lower 
Alternations" and "Upper Alternations" are juvenile, since many of the struc- 
tures preserved are the result of the earliest stages of "soil ripening" (for defini- 
tion of this, see Pons& ZONNEVELD, 1965). Accordingly, the first event in homo- 
genization or destruction of depositional fabrie is brought about by burrowing 
organisms notably freshwater crabs and Inmbricid worms. Although this occurs 
while some sediments are waterqogged following flood and/or are poorly-drained 
the effect is generally noted in that portion of the profile lying above the normal 
saturated zone (PoNs & ZONNEVELD, 1965). The zone of bioturbation, however, 
can be quite deep depending on the depth to the water table: during the dry 
season some modern Indian lumbricids migrate over 10 feet vertically in the soil 
profile (BAnNES, 1968). 

In general the immaturity of the Nagri aged soils is supported by the clay 
distribution data. Most temperate and tropical soils show a positive relationship 
of depth of the clay maxima to relative soil age. In profiles No. 54 and No. 60 the 
relatively flat clay curves preelude very old soils. The apparent occurrence of 
free Fe20~ minima in presumed A-horizon strata (e. g. from 0--90 em depth 
in profile No. 60) and maxima in presumed B-horizon strata (e. g. from 95 to 
260 em depth in profile No. 60) indicates illuviation of iron within the profile. 
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In this instance Fr behaves as a discrete particulate phase (probably in the 
silt-sized fraction) subject to translocation, a relationship not uncommon in extant 
red savanna soils (BLuME & SCHWE~TMANN, 1969; ASAMOA, 1978). 

The similarity of Nagri aged paleosols to extant ferruginous tropical soils 
developed under a savanna-woodland vegetative physiognomy is striking. Red 
alluvial soils of the mixed grassland/semi-deciduous forest zone of Ghana 
(AsAMOA, 1978), the cerradCto and campo cerrado Brazil, the humid savannas of 
the Columbian Llanos, and the mixed deciduous woodland of the Sudan all seem 
to typify this development. 

Relatively few botanical remains have been studied from the Siwalik Group of 
Northwestern India, most studies having been carried out to the southeast in 
Assam and the Northeast Frontier Agency in equivalent strata. Several recent 
investigations have shed some light on probable, vegetative associations in the 
Siwaliks, specifically the "Lower Alternations" floodplain mudstones and their 
equivalents in adjacent thrust plates (BANNERIE, 1968; LAKHANPAL, 1967, 1968). 

Although collections are small and from limited, scattered areas, all have been 
collected from (drab, yellowish-hued, 2.5 Y) floodplain mudstones. Carbonaceous 
plant impressions are not abundant in the red sediments. Most are found in the 
more distal, yet pedogenically immature sediments of the floodplain. In these 
environments, bioturbation macerates most larger foliage, but much remains 
identifiable. 

The data summarized in Table 2 suggests that upland taxa, mah~ly the Coni- 
ferae and Dipterocarpaceae with subordinate Rhamnaeeae, may be good in- 
dieators of the regional vegetative structure. Taxa associated with more hydro- 
morphie soils (Moraeeae, etc.) reflect more local edaphie variation. The overall 
structure of this somewhat ill defined plant community does show definite simi- 
larity to the above mentioned mixed semi-deciduous forest/savarma complexes 
of Africa and South America. Certainly the persistence of such forms as 
Ficus cunia, Zyzyphus incurva and Berchemia floribunda in the moist sub-Hima- 
layas of Nepal to Burma and of the large Dipterocarpus and Anisoptera gallery 
forest eomponents in Assam and Burma complement these interpretations 

Summary 

For the Siwalik Nagri Zone paleosols, sedimentologic and pedogenie evidence 
suggest low-lying, sub-tropical to tropical alluvial plain environments. The multi- 
vertical overbank alluvial deposits contain eomposited or superimposed evidence 
of fairly intense weathering associated with each increment parent material 
addition. Similarity to modern soils of like environments suggests a ferrugenous 
tropical or low grade oxisol soil type developed under alternating wet and dry 
seasons. Prolonged residence time of some paleosols on the Nagri paleolandscape 
contributed to an increased intensity of development. This interpretation can 
be summarized in Fig. 12. 

Although the increasing influence of the Himalayan orogen to the north of the 
Siwalik molasse basin is a factor to be reckoned with in any paleoenvironmental- 
paleoclimatie reconstruction of the South Asian Neogene, Nagri time is early in 
its eventual development as an orographic barrier to the seasonal monsoon. A 
prograding alluvial-deltaic system in the Indus and the Bramaputra/Ganga allu- 
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Table "2. List of fossil flora found in Nagri-aged sediments of the northern Punjab and 
Himaehal Pradesh, India. Inferred habitat for each fossil form is based on known 

distribution of extant counterparts. 

Floral List Edaphic Habit 

Upland Lowland 

We!l Poorly Well Poorly 
Drained Drained Drained Drained 

Site Site Site Site Ripparian 

Coniferae 
cf Dacrydium sp. 5) X X 
Pinus sp. 5) (Pine) X X 

Gramineae (Poaceae) 5) (grasses) 
el. Poa sp. ~) *) X X X X X X X X 

Palmae 
el. Cocos sp. 5) (Pineapple) X X X X 
Palmoxylon sps. ~) (Palm) X X X X X X X X 

Compositae 5) (herbs) X X X X X X X X 

Moraeeae 
Ficus sp. 6) (Fig) X X X X X X 

Rhamnaeeae 
PhyUogeiton (Berchemia) 

sp. 4) X X  X X  
Zyzyphus sp. 4) X X X X 

Dipteroearpaeeae 1) (large 
resinous trees) 
cf. Dipterocarpus sp. 2) X X X X 
el. Anisoptera sp. 2) X X X X X X 

Polypodiaceae ~) (Pterido- 
phytes) X X X X X X X X X X 

1) GHos~ & G~osH, 1958; Floral list, Middle Siwaliks, Jawalamukhi, H. P. 
2) R~WAT, 1964; Floral list, Middle Siwaliks, Kmnaon Himalaya, U. P. 
~) SaHNI, 1964; Floral list, Middle Siwaliks, H. P. 
4) LAKHANPAL, 1967; Floral list, Middle Siwaliks, Jawalamukhi, H. P. 
5) BANERJE~, 1968; Floral list, Middle Siwaliks, Bhakra-Nangal, Punjab. 
6) LAKHANPML, 1968; Floral list, Middle Siwaliks, Jawalamukhi, H. P. 
*) The grasses identified here as cf. Pea (i. e., Poacites, sensu SAHNI, 1964) are not 

presently a common tropical taxa, but rather an abundant temperate Asian form. 

vial systems, may have contributed to the replacement  of a predominantly low 
coastal savanna physiognomy in pre-Nagri  times with the more continental 
alluvial plain mixed savanna of Nagri  times. Coincident with this. decreased 
moisture availability and an increased seasonality to the moisture distribution 
affected the total vegetative physiognomy creating a mixed deciduous woodland/  
grassland savanna. As the dominant vegetat ive structure of the open floodplain, 
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Fig. 12. Schematic summary of oxisol profile development induced by an alternating 
wet and dry season elimatie regime during Nagri time, a model of Siwalik paleoped- 
logy. "'B'" horizonation as follows: hydrated iron oxide additions (stippled); coneretion- 
ary iron oxide additions (horizontally ruled); permeable hardpan-"ironstone" (cross 
ruled); impermeable hardpan (black). Presumed behavior of transferred soil components 
as follows: dry season mobility [pH > 7] (dashed line pathway); wet season mobility 
[pH < 7] (solid line pathway); immobility at beginning of dry season (terminated 

arrow, ---> i). 

the grassland savanna would give way laterally, via a vegetat ive eatena, to a 
typical  forested r iparian fringe or gallery forest in proximity to stream courses. 

The Ramapithecus-bearing sediments of Hari ta lyangar  eolleetively provide 
evidence via stratigraphic and pedologie means to support  this contention. The 
actual taphonomie relationships of Nagri  faunal associations may lend additional 
eredence to this interpretation provided those specimens having no stratigraphie 
documentation can be culled. This necessary documentation cannot be provided 
for most of the early collections, however. 
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