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MICROFABRICSOF THE SIWALIK GROUP SANDSTONES,
CENTRAL NEPAL SUB-HIMALAYA: CLUESTO POST-
DEPOSITIONAL CHANGES

Naresh, K. T

ABSTRACT

Sandstonesfrom the Siwalik Group of Central Nepal Sub-Himalayawere studied for microfabrics. Interlocking microfabric,
packing microfabric, preferred orientation microfabric, authi genic microfabric and deformati on microf abric were assessed
in order to reconstruct post-depositional changes in sandstones and understanding nature of intergranular volume
reduction in sandstones. Sandstones from north belt (NB) are closely packed and are much consolidated, whereas
sandstones from south belt (SB) areloosely packed with weak grain contacts and strong cementing. Sandstonesfrom NB
were subjected to deep burial diagenesis, in which little initial cementation was followed by progressive compaction.
Sandstones from SB underwent mechanical compaction followed by extensive carbonate cementation. Devel opment of
microfabrics and pore-reduction are due largely to compaction in sandstones from NB, but those in the sandstones from
SB are due mainly to cementation and less to compaction.
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MICROFABRICASDE LASARENISCASDEL GRUPO SIWALIK, SUB-HIMALAYA DE NEPAL CENTRAL:
CLAVESPARA CAMBIOSPOST-DEPOSICIONALES

RESUMEN

Lasareniscasdel Grupo Siwalik del Sub-Himalayade Nepal Central han sido estudiadas paraestablecer susmicrofabricas:
Microfé&bricadeinterdigitizacién, microf oricade empaquetamiento, microfabricade orientacion preferancial, microfébrica
autigénica 'y microfébrica de deformacion fueron evaluadas con € fin de reconstruir cambios post-deposicionales en
areniscasy entender lanatural ezade lareduccion de volimen intergranular en areniscas. Lasareniscasdel cinturdn norte
(NB) son muy empaguetadasy mucho més consolidadas, mientras que lasareniscasdel cinturdn sur (SB) son pobremente
empaguetadas con contactos entre granos débiles y fuerte cementacién. Las areniscas del NB fueron sometidas a
diagénesis de enterremiento profundo, en las cual es poca cementacion inicia fue seguida por campactacion progresiva.
Lasareniscasdel SB experimentaron compactaci on mecani caseguidapor cementaci on extensivade carbonato. El desarrollo
demicrofébricasy lareduccién de poros son debidas principal mente alacompactacién en areniscas del NB, pero aquellas
enlasareniscas del SB son debidas principa mente ala cementacion y menos ala compactacion.
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Microfabrics of the Siwalik Group sandstones, Central Nepal sub-Himalaya: Clues to post-depositional changes

INTRODUCTION

The Siwaik Group isathick fluvial sequence of mainly
mudstone, sandstone and conglomerate of middle
Miocene to early Pleistocene epoch developed in the
foreland basin. Sedimentswere derived from uplifting
Himalayas in the north (Chaudhri, 1982; Critelli and
Ingersoll, 1994; DeCedlleset d., 1998; Tamrakar, 1998).
Continuous burial of sediments led to lithification of
sediments.

Primary microfabricsalter during diagenesis, butinsome
cases, they preserve as relicts. Compaction, physico-
chemical deformation and cementation usually modify
depositiona texture of sandstone and producediagenetic
microfabrics, which areuseful ininferring evolutionary
trend of post depositional changes in sandstones.
Moreover, degree of packing and cementation, which
diminish depositiona porosity, may influence stiffness of
sandstones. The present paper deals with microfabrics
of sandstones, their variability and their signaturesin
interpreting post-depositional changes.

GEOLOGICAL SETTING

Thestudy areaislocated inthe Siwaik Group (FIGURE
1), whichisdivisibleinto north belt (NB) and south belt
(SB) separated by the Central Churia Thrust. The strata
of the Siwalik Group extend roughly NW-SE and are
being folded by thrusting. The group rangesin agefrom
14 to <2 Ma (Gautam & Rdsler 1999) and constitutes
about 5500 mthicknesswhichisdivishbleintofiveunits;
the Rapti, Amlekhganj, ChuriaKholaand ChuriaMai
formations (Sah et al. 1994) in ascending order. The
Rapti Formation exposes mainly in NB, while the
uppermost part of the Rapti Formation, Amlekhgan;
Formation, Churia Khola Formation and Churia Mai
Formation crop out in SB only (Tamrakar et al. 2002).

TheRapti Formation comprisesfine- to medium-grained
sandstone and mudstone (FIGURE 2). In SB, the Rapti
Formation exhibits medium- to coarse-grained * salt-
and-pepper’ sandstone associated with few mudstone.
The Amlekhganj Formation comprises multistoreyed,
medium-to coarse-grained * salt-and-pepper’ sandstone
(FIGURE 2). The Churia Khola and the Churia Mai
formations compose mainly of conglomerate and
minorly of sandstones and mudstone. Sandstones
distribute extensively in the Rapti and Amlekhganj
formationsand crop out well along theriverbanksfrom
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where stratified-selective sampling was made
(FIGURE 3).

METHODS

Thin slices of forty-four sandstones were
petrographically analysed. Grain size was measured
following Harrel & Erikson (1979). Roundness and
sorting were assessed using comparison charts of
Power (1953) and Beard & Weyl (1973), respectively.
Thin sectionswere stained for k-feldspar, and carbonate
minerals using Chayes's (1952) and Dickson’s (1966)
methods, respectively. Each thin section was counted
for 800 points using Gazzi-Dickinson’s point-counting
method (Dickinson 1970; Ingersoll et al. 1984). The
cement and pore were also included in the counts.
Packing indices, grain orientation factor, deformation
fabrics and authigenic fabrics were assessed for the
thin slices using apolarizing microscope.

TEXTURE AND COMPOSITION

Sandstones are very fine- to coarse-grained with
subangular to subrounded and well to very poorly sorted
grains (TABLE 1). They are texturally immature to
submature. Quartz predominates other clasts and ranges
from 23 to 66%. Monocrystalline quartz exceeds
polycrygalline one. Feldspar (K-feldspar and plagioclase)
and lithic fragments vary from 3 to 16% and O to 24%,
respectively. K-feldsparsoften exceed plagioclase. Lithic
fragmentsof quartz-micatectonite, quartz-micaaggregete,
quartz-mica-fel dspar aggregate, argillite shale and some
carbonate grainsoccur. Micas congtitute muscovite, biotite
and chlorite, dtogether varying from 1to 19%. Sandstones
are subarkose followed by sublitharenite, lithic arenite,
arkosic arenite and feldspathic graywacke (FIGURE 4)
indiminishing abundance.

Matrix rangesfrom 0to 18%. It occursasgrain coating
and pore filling, in sandstones from NB, but often as
feldspar, quartz and micas associated with clasts in
those of SB. Total cement varies from 6 to 38%.
Ferroan calcitic cement often occurs as replacing and
pore-filling. They dsofill most of thefracturesingrains.
Siliceous cement occursasgrain boundary dissolution.
Ferruginous cement occurs as irregular pore-filling
patches, grain coats and bridge between grains.
Argillaceous cement occurs as authigenic devel opment
of clays and chlorites, which also bridge grains in
sandstones from NB. Argillaceous cement over total
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FIGURE 1. Location map of study area.

cement (Ca/Ct) ranges from 0 to 0.17 and is often
high in sandstones from NB, and low in those from
SB. Strong cement over total cement (SCTC = (Cfc
+Cs)/Ct) varies from 0.19 to 1.00 and is high in
sandstones from the Amlekhganj Formation.

Optical voids range from 1 to 12%. They are primary
(intergranular) and secondary. Grain fracture, rock
fracture, and grain dissolution result in secondary voids
in the studied sandstones.

MICROFABRICS

Primary and/or diagenetic features showing mutual and
spatial relationship among components are treated as
microfabrics. Authigenic fabricsare diagenetic fabrics,
which are formed by cementation, replacement and
overgrowth, and deformation.

Interlocking microfabrics
Sutured (Su), concavo-convex (Cc), long (Lo),

tangential (Ta) and floating (Fl) contacts (after Taylor,
1950) were considered contact types (FIGURE 5). Su

and Cc contacts show considerable compaction of the
sediment while Ta and Fl contacts represent minor
compaction (Bell, 1978). Grain-to-grain contact (G-G),
grain-to-cement contact (G-C), grain-to-matrix contact
(G-M) and grain-to-void contact (G-V) were taken as
contact nature. I nterlocking microfabricsareimportant
inrevealing extent of packing and grain interlocking.

Consolidation factor (Pcc), which is expressed as
percentage of theoretical consolidation (Bell, 1978),
concavo-convex index (CCI) as an indicator of
compaction, and degree of strong over weak contact
(SOWC) were calculated using relations shown in
TABLE 2.

Sandstones from NB often contain Su contact
(FIGURE 64a), whereasthosefrom SB lack it (TABLE
3) and comprise FI contact commonly (FIGURE 6b).
Inthelatter, Taand Fl contactsincrease at the expense
of Su, Cc and Lo contacts. G-G, G-M and G-V
decreases up-section (TABLE 3). Instead, G-C
increases remarkably.
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TABLE 1. Textural and compositional data of the Siwalik sandstones from Central Nepal.

Formation; Sample, *M, Framework Grains (%) | M atrix Cement (%) Void %QFL
M ember (@) p/So | Q F L|M Mc/ | (% |Cfc/cfCscCa/Ct|(®) Q| F L ClanCa/Ct|SCTC
1H1 213 [ 28 /158 49 6 7 1| 1 12 1 07815 9 79110 |11 SL| 053 | 053
) g H1 211|232 135 52 5 4 2 1 3 7 10,6 3 26 7 85 9| 7  SA 012 o048
% é H2 280|350 215 48 14 5 4 1 17 0 1 3 3 7 4 7221 7 FG| 043 043
= — s| H3 [ 301 318 135 32 9 2 15 2 9 10 1 7 8 26 4 74 21| 5  SA 031 065
% H4 174|306 140 55 4 9 3 4 12 3.3 2 1 9 4 8l 6 |13  SL 011 056
g o . 1H2 1 297 (1202140 417 1 18] 1 11 0 015/ 520 1 84114 2 [[SA] 025  0.75
g g O 1H3 | 255 258198 66 5 3 3 1 5 9 1 3 3 16 1 89 6 5 SA 0.16 0.75
E’ 5 g 1H4 '+ 215 308 161 59 3 7 2 O 5 0 10 6 3 19 5 85 5 10 SL 016 @ 0.32
= = W5 312 216 140 32 8 2 15 1 13 0 2 4 1521 8 76 19| 5 | SA| 071  0.19
E H6 264 | 1 335 140 36 8 5 8 1 16 2.1 5 9 17 9 73 16 110 FG 053 041
JB_ H7 277|328 154 50 12 2 5 1 9 0 0 5 7 12 9 78 19| 3 | SA 058 042
= w/ H1S | 276 11226150 39 9 1 16| 1 18 0 2 2 2 6 10 79 19 1 FG 029  0.36
g E_-Q H16 | 254 293 133/53 6 4 3 1 10 0 4 6 8 18 5 84 9 7 |SA 043 035
x %é H8 244 11293 137 48 10, 2 3 O 8 0 14 5 4 23 6 80 17 3 SA 017 0.22
H17 258|237 139 37 13 4 3 0 6 2 8|5 /14 29 8 69 24| 7 | SA 048 024
H18 | 153 |/265 145 54 8 11 3 1 5 1 1/4/5 11 7 74 11 |15 SL| 045 045
H21 144 211 265 41 8 14 5 1 2 21 1,0 1 23 6 65 13 | 22 SL  0.04  0.90
H22 196 | 172 258 31 12 10 8 2 1 32 00 0 32 4 59 2220  SA| 0.00 0.99
g —_ H23 | 207 1248268 44 6 4 4 0 4 24 41 3 32 6 82 10 8 SA 010 0.79
BT S H24 172|189 346 34/ 8(20 5 |1 1 2811 0 3 1 55113 |32 LA 0.01 096
§ ﬁ % H25 @ 0.95 194 268 36 8 20 2 1 1 25 0,0 0 25 7 56 13 |31 LA 0.01 @ 0.97
2= 2 Hoe 274 268 177 23 3 0 19 0 10 134 3 3 1 41 4 87 13| 0 | SA| 0.02 090
= 8 E_ H27 | 078 1226|263 38 7 24 3 1 1 23 0,0 0 23 3 55 10 35 LA 0.02  1.00
08; = % H28 | 099 | 297 255 32 15 11 12 1 2 14,7 0 1 22 5 5526 |19 AA 0.04 063
H30 | 099 1 255/232 34 16 17 8 2 2 14 0/0 0 14 6 51 24 /25 LA 0.00  1.00
H32 108 257 241 27 9 15 11 1 3 21 2, 0 2 26 9 53 18 129 LA 0.09  0.82
H33 | 122 /277205 28 9 112 3 6 297 0/0] 029/ 12747247 3 SA] 000 | 1.00
H34 1.05 291 190 40 8 14 2 2 1 31 0,0 0 31 1 64 14 | 23 SL  0.00 @ 1.00
= H36  1.01 | 267 187 38 8 10 7 2 1 27,00 0 27 7 68 14 |18  SL 0.01 0.8
g H38 1.05 248 345 27 11 14 9 1 2 33 0,0 1 34 2 53 21 27 LA 0.02 097
= H40 099 |/ 238 220 35 7 16 4 1 1 32 0/0 1 33 3 61 12 |28 LA 0.02 098
=] H41 1.07 216 268 35 8 10 10 2 1 30 0, 0 1 31 3 66 15 19 SL  0.03 | 0.96
@ H42 094 1233 151 37 8 7 5 3 1 30 0 0 1 31 8 72 15113  SA 0.02  0.98
5 H43 | 1.05|/212 151 29 14 8 7 2 1 37,00 1 38 1 57 2716 AA 003 097
B H44 087 |/ 244 142 35 8 12 6 1 1 34,0/ 0 1 3 2 64 14 |22 SL 0.02 097
S H45 077|222 152 35 7 10 9 1 1 31 00 0 31 6 67 13 /20  SL 0.00 1.00
L? H46 @ 0.88 199 213 32 10 10 9 1 1 33 0,0 1 34 3 62 19 19 SL  0.03 | 0.97
g H47 | 077 | 197 345 30 15 8 8 2 1 34 1/0 0 3 1 57 28|15 'AA 0.01 098
g H48 1.16 196 170 38 12/ 9 6 4 1 29 0,0 0 29 2 65 20 15 ' SA 0.01 @ 0.98
=~ H49 | 084 | 243 216 33 12 13 5 3 1 31 00 1 32 1 57 21|22 SL 003 097
IS H50 @ 091 193 142 42 11, 4 3 9 1 27 0,0 1 28 2 74 20 6 SA 0.03 097
< H51 | 096 | 154 142 34 11 12 6 3 1 32 00 0 32 1 5920 |21  SL| 0.0 1.00
H52 = 0.99 1.74 1 255 35 10 6 3 3 33 0,0 0 33 1 65 17 19 SL  0.00 @ 1.00
H53 @ 0.86 194 1230 32 711 9 2 3 26 1,0 1 28 8 65 15 21 SL  0.02 ' 0.92

* corrected sSze: Harrel & Erikson (1979); Mz = Mean grain 9ze; S = Trask sorting coefficient

Q=Total quartz=Qm +Qp; F = Total feldspar =K +P; L =Total lithic fragments =Lm +Ls +volcanic lithic fragments

(not accounted); M =Mica; Mc =Miscellaneous; Cfc = Ferroan calcitic cement; Cf = Ferruginous cement; Cs = Siliceous cement;
Ca=Argillaceous cement; Ct = Total cement = Cfc +Cf +Cs +Ca; Q%QFL = (Q/QFL)100; F%QFL = (F/QFL)100; L%QFL = (L/QFL)100;

SCTC =(Cfc+Cs)/Ct; SL = Sublitharenite; SA = Subarkose; AA = Arkosic arenite; LA = Lithic arenite; FG = Feldspathic graywacke
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TABLE 2. Indices of interlocking microfabrics and definition.

Indices of interlocking Definition
microfabrics
5Su+4Cc+3Lo+ 2Ta+ Fl
Consolidation factor Pcc= 100
500
Gc
Concavo-convex index CCl = 100%
G-G
Su + (G-G)
Strong over weak contact | gowe = 100
Ta+L +(G-V) + (G-M)

Pcc ranges from 23 to 65% and CCI from 0 to 47%.
Pcc and CCI exhibit diminishing up-section trends
(TABLE 3). These indicate that sandstones from NB
have undergone substantial compaction compared to
those from SB.

SOWC varies in awide range from 0.78 to 6.04 and
showsafluctuatingtrendinvertical level. Higher values
of Su contact and G-C respectively in sandstonesfrom
NB and SB givethistrend.

Packing proximity and packing density

Packing proximity (Pp) and packing density (Pd) of
Kahn (1956) areillustrated in FIGURE 7. Pp and Pd
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vary from 11 to 72% and 59 to 94%, respectively.
Usually, high Pp and Pd are obtained in sandstones
from NB thaninthosefrom SB (TABLE 2). It indicates
that grainsin older sandstones arein frequent contacts
and are closely packed (FIGURE 64d), compared to
those in the younger sandstones (FIGURE 6b).

Preferred orientation fabric

Elongate grains (micas and pelitic rock fragments),
which havetheir length/width ratio often exceeding 2,
were measured for acute angular differences, and then
grain orientation factor (GOF) was calculated based
on an angle factor proposed by Howarth & Rowland
(1986). GOF varies from 1.22 to 3.45, being low in
sandstones from NB, which is attributed to
rearrangement of grainsunder compaction. Somefifty
percent of sandstones from SB exhibit low GOF
suggesting that they are rather depositional or modified
during early phase of diagenesis.

Deformation fabric

Bended micas, squeezed micasor pditic rock fragments
and fractured grains all show mechanical deformation
fabrics (FIGURE 8a). Such deformational fabrics
preserveevidence of compaction during shallow to deep
burial diagenesis (Liu, 2002). Chemical deformation
involves pressure solution of grains. Deformational
fabrics are observed in sandstones from both NB and
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FIGURE 2. Columnar sections of the Rapti Formation and Amlekhganj Formation; (a) Rapti Lower Member at the left bank of the Pantale
Khola, (b) Rapti Middle Member at the right bank of the Rapti River, north of the Rapti Bridge in Hetauda, (c) Rapti Upper Member at the right
bank of the Dudhaura Khola and (d) Amlekhganj Formation at the at the right bank of the Chure Khola.
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FIGURE 3. Samplelocationsin the Siwalik Hills.
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FIGURE 4. Plots of the Siwalik sandstones in QFL-ternary diagram of Pettijohn et al. (1987).
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FIGURE 5. (a) Showing contact types, and (b) Grain-to-grain and
grain-to-other constituent contacts (TL = traverse line; ¢ = cement;
Vv =void; g = grain; m = matrix).

SB. In NB, sandstones exhibit notable compaction and
pressure solution, which suggest deep buria diagenesis.
Sandstones from the Amlekhganj Formation virtually
lack pressure solution. However, they contain few
concavo-convex contacts between grains, brittlegrain
fractures and ductile deformation (FIGURE 8a)
indicating that these sandstones have undergone
substantial compaction prior to pervasive cementation.

Authigenic fabric

Fabricsof new mineralsand rel ated features generated
in situ are grouped into authigenic fabric. Overgrowth
fabric (FIGURE 8b) is seen in sandstones from NB.
Clay mineral authigenesisisobserved in samplesfrom
NB, where it occurs as patch and bridge between
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grains. Iron oxide cements are developed as coating
and patch. Pore filling calicitic (ferroan) cement
(FIGURE 83g) isvery well devel oped in sandstonesfrom
SB. Such cements show mosaics of sparry calcite.
Grain fractures (secondary pores) are often filled with
calcite cement (FIGURE 8c) in all samples. Some
sandstones from NB show heterogenous distribution
(as patches) of carbonate cements. Such distribution
of cement may indicate precipitation in secondary
pores. Replacement fabricis pronounced in sandstones
from SB in which poikilotopic and ghost fabrics are
also developed (FIGURE 8d). These authigenic
microfabrics suggest pervasive carbonate cementation
and replacement obliterating depositional signaturein
sandstones.

SEQUENCE OF MICROFABRICS
DEVELOPMENT

Paragenetic sequence of sandstones from NB and SB
differs in some aspects (FIGURE 9). The former
exhibits quartz overgrowth, pressure solution and
packed fabrics, which suggestsinitial silicacementation,
progressive burial to a greater depth and pressure
solution. Some of the preferred orientation devel oped
by authigenic micas probably formed during deep burial
diagenesis. Carbonate cement, which occurs as patch,
could be late and could have cemented sandstones in
which porefluid could move easily dueto development
of secondary pores during the late phase. Therefore,
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FIGURE 6. Photomicrographs of the Siwlaik sandstones showing contacts and packing microfabrics. () Sutured and concavo-convex
contacts in sandstone from NB and (b) Float contact and |oose packing of grainsin sandstones from SB showing low Pp, Pd and Pcc.

dgi+ gy +aptagtayg+aggtas _jog '-I

Troverse Hue 1

Pl =

-

Lr’ﬂl _.-"._\_ i]_'-.-.. H"_:l-l__.-" --l #h‘q“\'ﬂ_ﬂihlﬂ.::l

Traverse line i

Y ", Fa '___'_ §

I)> | x'w. T A a - I-':"-. I

. | VWA A TRt Tl

AR eeriy)
z

K/ L ':"a -’{4:|

14§

.'p-' o Pl T rﬁ NI
Toral me. af corieets (110

FIGURE 7. Schematic diagrams showing method of determining
packing density and packing proximity (after Kahn, 1956).

these sandstones underwent deep burial diagenesis, and
carbonate cements could be introduced at shallower
depth after the uplift of the strata.

Sandstones from SB exhibit extensive carbonate
cementation, replacement of siliceousgrainsand some
mechanical grain deformation, but lack pressure solution
and sutured contacts. Fl, Taand Lo contacts dominate
over Cc contact in these sandstones. Cements also fill

fractured grains. In these sandstones, the weaker grains
deformed initially inthe early phase of diagenesis. As
the brittle grain fracturing requires more stress than
ductile grain deformation (Stone & Lumsden, 1984),
the sediment could have buried under overburden stress,
and grains could have readjusted to become closer.
TheTaand Lo contacts, which formed initialy, perhaps
modified to Cc contacts during further compaction with
increased depth of burial. Mechanical deformation and
grain rearrangement could have occurred at the early
phase because fractures in grains, which were filled
by cement, were produced prior to cementation.
Carbonate cement subsequently filled integranular
pores preventing much closer packing of grains.
Because carbonate cement also has extensively
replaced siliceous grains in al the sandstones, strata
must be well connected to carbonate rich meteoric
water. On the other hand, lack of evidences of
authigenic micas, sutured contacts and pressure solution
indicate that the sandstones of SB were not as deeply
buried as the sandstones of NB.
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TABLE 3. Microfabrics of packing and orientation.

Smple Packing Microfabric Petrographic Indices Grain
No. % Contact type % Contact nature, | PP~ PD | | Pcc | CCl | SOWC | |Orientation
QU Cc Lo Ta| H GG GC GM| GV % % % % Factor
1H1 15 26 18 3 38 62 19 9 10 62 94 55 | 42 @ 0.85 1.98
H1 36 22 7 2 33 67 25 4 | 4 67 | 91 65 33 | 3.59 181
H2 3020 8 2 40 60 10 28| 2 60 | 92 60 ' 33 | 1.00 3.10
H3 26 15 9 2 48 52 1 35 11| 2 52 | 85 54 1 29 @ 254 2.65
H4 36 15 4 | 7 38 62 13 21| 4 62 | 92 61 24 136 2.82
1H2 ' 24 12 5| 1 58 42 42 16 O 61 89 49 29 @ 3.00 2.46
1H3 34|13 7 | 2 44 56 37 7 0 56 @ 90 58 23 444 2.43
1H4 | 43 9 11| 1 36 64 129 3 | 4 64 94 64 14 | 3.79 2.45
H5 2125 7 1 46 54 128 11| 7 54 | 89 55 46 @ 1.88 2.23
H6 21 23 26 2 28 72 15 10| 3 72 94 61 32 0.88 1.46
H7 19 18 21 3 | 39 61 21 13| 5 61 | 93 55 1 30 @ 0.95 1.95
H15 | |24 22120 2 32 68 12 16 | 4 68 | 89 61 32  0.86 3.57
H16 | |20 1716 1 @46 54 126 14| 6 54 1 90 53 31 124 3.32
H8 17 12 11 4 56 44 1 39 | 13 4 44 | 91 46 | 27 @ 1.75 3.09
H17 1320 17 6 44 58 138 2| 2 58 | 92 50 | 34 | 1.89 3.03
H18 | |20 28|17 6 29 7114 7 | 8 71 | 95 61 39 @ 0.89 2.13
H21 0 16|17 1 66 34 64 0| 2 34 | 78 37 47 | 3.20 1.72
H22 0O 8|18 7 67 33 .65 0 2 33 72 33124 241 2.86
H23 0 10|14 22 54 46 49 2 | 3 46 | 83 36 | 22 | 1.20 1.88
H24 0 6|14 16 64 36 64 0|0 36 | 75 32 | 17 | 213 1.92
H25 0O 5|10 7 78 22 76 0| 2 22 | 72 28 | 23 | 4.00 2.58
H26 0 1 18|18 63 37 54 7 | 2 37 | 73 31 3 121 3.45
H27 0 6|10 15 69 31 66 0 | 3 31| 78 31 18 | 2.29 2.06
H28 0 92 7 58 42 |51 3 4 52 @ 83 37 21  1.28 2.98
H30 0 7|14 10 69 31 65 1| 3 31 83 32 | 24 | 236 221
H32 0 5|15 9 71 29 161 3| 7 29 | 70 31 19 181 1.22
H33 0 14|21 12 53 47 1 38 12 | 3 a7 77 39 30  0.78 1.42
H34 0 8|12 11 68 32 68 1 O 32 80 32 26 @ 2.80 2.24
H36 0 8|17 9 66 34 61 2| 3 34 79 33 23 194 1.73
H38 0 4|16 13 68 32 65 2|0 32 | 73 31 12 | 211 1.44
H40 0 3|15 16 66 34 65 1|0 34 | 78 31 9 2.03 1.58
H41 0 1|21 24 54 47 54 0 | O 47 80 34 3 1.18 2.55
H42 O 1|7 17 75 25172 0| 3 251 70 27 3 2.67 1.99
H43 0O 1|7 12 80 20 80 0| O 20 | 60 26 4 4.25 2.45
H44 0 0 3|11 86 14 86 O | O 14 @ 61 23 0 6.04 2.87
H45 0 1|8 8 83 17181 0 2 17 64 25 5 4.35 2.00
H46 0O 0| 6 16 78 22 76 1| 2 22 | 65 26 0 3.10 2.35
H47 0O 0|9 14 77 23,76 1| 0 23 | 68 27 0 3.15 231
H48 0 1|14 9 76 24 175 2| 0 24 | 60 28 4 3.11 1.59
H49 0 0|9 11 80 20 79 1|0 20 62 26 0 3.82 251
H50 0 19 9 81 19 /81 1 O 19 72 26 3 4.32 2.13
H51 0 0|8 9 83 17181 0 2 17 61 251 0 4.26 2.04
H52 0 0|5 12 83 17183 0 O 17 59 24 1 0 4.88 3.00
H53 0 1|14 19 66 34 62 3 1 34 | 73 30 4 1.66 1.64
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FIGURE 8. Photomicrographs showing deformational and authigenic fabrics. (a) Ductile and brittle deformation of grains; white
arrows indicate squeezing of micas and black arrows indicate fracturesin grains, (b) Syntaxia overgrowth of quartz (Q); white arrows
indicate silicacement while black arrowsindicate formal grain boundaries, (c) Fracturesin quartz grainsfilled up by calcitic cement and
some pore-filling cement between grains; black and white arrowsindicate fractureswith cement, and (d) Replacement fabric; poikilotopic
fabric exhibited by replacement of feldspar (F) by calcite (C) (Q = quartz, C = calcite, L= lithic fragments and M = micaand D =
tourmaline).
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FIGURE 9. Generalized paragenetic sequence of fabricsin the Siwalik sandstones. Question marks

denote probable occurrence.

CEMENTATION VERSUS COMPACTION ON
MICROFABRICS DEVELOPMENT

Compaction and cementation are two important
diagenetic processesthat |ead to consolidation of rocks.
Whichever of these processes dominatesin sandstone
isthefunction of framework composition, texture, fluid
circulation, quantity of cement, gecthermal gradient,
tectonic history and depth of buria (Houseknecht, 1984;
Compton, 1991). Both compaction and cementation
tend to reduce depositional porosity of sediments
(Lundegard, 1992; Ehrenberg, 1995).

Void in sandstones tends to decrease as increase in
cement and decrease in matrix. Also void tends to
diminish with reduction in Pcc. This is the case in
sandstones from SB that have low Pcc but have
pervasive carbonate cement that exceedsall other types
of cement.

Therefore, the cementation played important role in
reducing intergranular volume in these sandstones.

Sandstonesfrom NB exhibit most of thefabricsresulted
by compaction, while cementation played little in
development of fabrics. In these sandstones, the total
amount of cement islittle and matrix ishigh compared
to that in sandstones from SB (younger sandstones).
Thetightly packed fabric, pressure solution and quartz
overgrowths are characteristic features, which are not
observed in the younger sandstones. High packing
indices, pressure solution and preferred orientation in
the older sandstones suggest intergranular volume
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reduction mainly by compaction. From early to late
phase of diagenesis of these sandstones, compaction
must have played major role and cementation
subordinateroleinreducing original voidsin sediments.
The overall clues (microfabrics, existing void and
cement, and paragenetic sequence) suggest that the
porosity reduction in the older sandstones was chiefly
by compaction while that in younger sandstones was
firstly by compaction and then by cementation.

CONCLUSIONS

(1) Sandstones from NB possess high Ca/Ct and high
matrix content but low SCTC, whilethereverse applies
for the sandstones from SB.

(2) G-G, Su, Cc, Lo, Pd, Pp, Pcc and CCI diminish up-
section but G-C, Taand Fl increase indicating that the
sandstones from NB are closely packed and are much
consolidated, whereas the sandstones from SB are
loosey packed, but with strong cement.

(3) SOWC is high in either strongly cemented
sandstones from SB or in sandstones from NB with
sutured contact. Similarly, GOF also varieswidely and
independently with stratigraphic level.

(4) Sandstonesfrom NB were subjected to deep burial
diagenesis, in which little initial cementation was
followed by progressive compaction. Sandstonesfrom
SB were subj ected to mechanical compaction followed
by extensive carbonate cementation.
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(5) Fabric developed and poresreduced due largely to
compaction in sandstones from NB, but that in the
sandstones from SB are due mainly to cementation
and less to compaction.
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