CHAPTER Il

GEOLOGY AND PETROGRAPHY

3.1 Physiography

Topographic map of the study area is shown in Figure 3.1. Half of the study area

is @ mountainous terrain, especially in th tern part which dominated with high steep

3.2 Geology

Geologic map o .2. The oldest rock unit in

the area is exposed as hi nd was mapped as Tak Fa

small hills in the central

Central part of the ;f:,m:mm-:—-mugmmv;
v e

part while the pyroclastic: ins in western part of the

area. The rhyolite porphyry f'grms as small hills in the south-eastern part. Four varieties of

intrusive rocks aﬁwﬁ %ﬂﬂ:&%fwﬁrﬁ ﬁrﬂnapped as gabbro,

diorite, quartz diogite and hornblende-biotite granodiorite. Diorite occurs as a large
o/

north-so il : i‘t anlln'tw ingyplane of Permian
Iimeston:%eﬁnlﬁ Qhﬁm;m{y a malleﬁu‘jtzaion e sill on the
south-east corner. Hornblende-biotite granodiorite forms as circular bodies exposed in
the middle and west-central parts whereas gabbro occurs as small stock on the western
part. Both hornblende-biotite granodiorite and gabbro intruded the older volcanic rocks.

However no crosscutting relationship between these two intrusive rocks has been found

in the field.
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The Tak Fa Formation in the area is composed mainly of thick-bedded limestone
partly interbedded with shale, slaty shale and sandstone. The limestone contains fossils
of corals, brachiopods bryozoa and fusulinids, Verbekina sp., Parafusulina sp. and

Neoschwagerina sp. which indicate the Artinskians-Kungurian age (Nakornsri,1981).

The basaltic rock covers about 25 km” in central part of the study area. It is very

fine-grained, black. It overlies on the Permian limestone and has also been found as

xenoliths in quartz diorite and basalti ndesife s Based on field relationship, it was cut
by a 2-3 m. thick diorite dike.. wi tructure’ A been found in the basalt which
might have been eroded away.Fhis & rcﬁposed as the oldest volcanic

50 fabot 5 \- | ' e western part, comprise
it ?\\ ‘ n limestone.

\ entral part of the étudy area.

It is fine-grained, grayish greén, geﬁ?;' Fitic: ontains phenocrysts of hornblende.

i 1 aalt therafora
The rock contains xenoliths of _g@% e o) e it

- ,\_‘
.rt' ern part and covers about

nger than basalt.

The rhyolite po ?:

5sqg. km. Cross-cutting

:h :::C rz:: Tﬂ rﬂﬁ auwwg’wnm‘ ﬁjiontains plagioclase
ARNASDIYUBANLINL, e

they will be described in detail in a separate topic below.

ationship of this rock with other roCk units has not been found

Main geological structures comprise fold, fault, bedding and flow structure of
volcanic rocks. Synclinal fold was reported outside the study area with the fold axis
oriented in the N-W direction (Jungyusuk et al.,1985). Faults occur in two directions,

NW-SE and NE-SW. Bedding in the Permian limestone has the strike in the N-S direction
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with 10 — 30° east dipping . Finally, flow structure was found two directions, NE-SW and
NW-SE (Junyusuk et al.,1985).

CInap-si

UEINENTNYINT

3.3 Intrusive roc T
based on qﬁ - relations %iﬁe ral 'co itio d ercentage of

quartz, alkaline feldspar and plagioclase in QAP diagram (see Fig. 3.34 at later section).

The four intrusive rocks from mafic to felsic compositions comprise gabbro, diorite,

quartz diorite and hornblende-biotite granodiorite.
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3.3.1 Gabbro

This rock occurs as a small stock covering an area of about 500 sq. m. on the
eastern side of Khao Mae Kae, west-central part of the study area (Figure 3.3). Based
on field observation, this rock crosscuts the pyroclastic rocks. Moreover, it was later cut
by a felsic dike (Figure 3.4).

The rock is dark gray, medi oarse-grained (Figure3.5), phaneritic,

holocrystalline, equigranular to bl Jhtly neguig! lar (Figure 3.6). Intergranular
poikilitic texture in which the Plagioelase &close pyroxene and opaque
ow the lamellar intergrowth

S

minerals are also found.

(Figure 3.7).
. e W\ VN
Gabbro is com 00-65 %), clinopyroxene (35-40 %),
hornblende (1-2 %), K-fel ! : I \\ biotite and quartz can be
found and its content seem ' Abce sory minerals include apatite,

Plagioclase is J&ne : ,'."7" and labradorite in
composition (An-conte Q{ Iysis of 12 grains (see

Appendix D-1). Its grain Res range from 0. mm. Al& and calsbad-albite twins

are common butiﬁ/zoning‘iﬁare. Most crystals tend to aliﬁ in the same direction.

TSNS
ARIRIAI BN ITN YA ssea o

EPMA resuﬂs of 20 grains falls in the field of augite and salite (see Figure 3.9 and

Plagioclase laths

Appendix D-2) after Deer et al. (1966). It commonly shows corroded anhedral to
subhedral grains of 0.5 to 4 mm in size (Figure 3.10). As mentioned above, some grains
show lamellar intergrowth of clinopyroxene and orthopyroxene (Figure 3.7). Similar to
plagioclase, pyroxene commonly contains inclusions of zircon, apatite and opaque

minerals. Sieve texture is occasionally found in the core of pyroxene (Figure 3.11)
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Small amount of hornblende occurs as anhedral crystals and some as partial
replacement of pyroxene. The content of anhedral hornblende seems to decrease
toward the contact of host volcanic rock. The EPMA analyses of two hornblende
crystals give edenite composition (see Figure 3.12 and Appendix D-3) based on the

hornblende nomenclature of Leak (1978).

Small amount of biotite occurs as anhedral crystals with the size smaller than

Quartz and K-feld fill inters itially. between plagioclase laths. Both

7/ A N o

minerals usually form as anhgélrz / With \\\\ than 1 mm. Their amounts
hat 16 ) - ‘

seem to increase eastwardly gimi@rto

Accessory mineralsiffound | i IS ' atite, zireon, ilmenite and magnetite.
Most of them always occur ag'ing ; : ) d plagioclase. Apatite shows
a long prismatic euhedral cry. T ircon occurs as both anhedral and
euhedral crystals in which some gF dark color due to its radioactive
decay. Skeletal ilmenite.-an .

S

mbnly found together.

i |
1
W

AULINENINYINT
PAIATUAMINYAE



Figure 3.4 Showing the Felsic dike cross-cutting the gabbro at Khao Mae Kae.
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Figure 3.6 Showing general texture of gabbro (x-nicols).
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v i

.

4 |

Figure 3.7 Lamelidr intergro o siween clinopyroxene and orthopyroxene
(x-nicols). : ‘3 '

Figure 3.8 Showing corrosion rim of pyroxene (x-nicols).
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Figure 3.10 Plagioclase laths enclose accessory minerals. (photo taken from

polished thin section, X-nicols)



Figure 3.11 Sieve'ext

SILICIC FERRO-EDENITE FERRO-EDENITE
020 FERRO-
0.100
0.000
0.000 0.500 1.000 1.500 2.000
Al(iv)

Figure 3.12 Hornblende nomenclature after Leak (1978).
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3.3.2 Diorite

The rock crops out in eastern part of the study area (Figures 3.2 and 3.13) and
intrudes as a large elongated sill parallel to limestone bedding in north-south direction
and dip to the east (Figure 3.14). Its size is approximate 1 to 1.5 km. wide and 6.5 km
long. General characteristics of diorite are fine-grained, greenish gray, phaneritic,

holocrsyatalline with porphyritic (Fig. 3.15), subophitic and glomeromorphic texture

(Figure 3.16). Micrographic textures in some parts of this rock (Figure 3.17).

Phenocrysts are composed of blende and plagioclase, having

the grain size of 1 to 5 m e are partially enclosed by

hornblende as subophiti ’ plagio homblende are commonly

\\\\ \ , respectively.

| \\1 blende (30 — 35 %), K-feldspar
“ach éﬂ als include sphene, apatite,

subjected to moderate a

The rock compri

(2-3) and quartz (5-10 %). (;

zircon and opaque minegals. e SN .., ‘ain pyroxene (augite) occupy

between plagioclase cryst ~small amount of secondary

minerals, chlorite, clay and cal

Microscopically, plé generally shc dié

0 euhedral crystals with
its composition, based '6‘( f, ppendix D-1), falling on
andesine to labradorite (m-conten ="40""68), except éor@crystals that are enclosed
in hornblende show a bytwénite, composition with An-content of 74 — 79. Its size varies

from 05 to 1 ﬂﬂ V&hd IFEH -3 VgL )R © 25 mm). some

plagioclase grains are altered into sericite.

ARIAINTUNNIINGIA Y

Horﬂblendes in this rock are ferropagasite hornblende, edenite and tschermakite
based on the EPMA analysis on 7 grains (Appendix D-3), after the nomenclature of
Leak (1978). It shows subhedral to euhedral crystal The grain size is about 0.5 to 5 mm.
Single twined, multiple twined and penetrated crystals are the main characteristics of

hornblende (Figure 3.19). It generally shows brown to reddish brown, green and
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greenish yellow color. Some grains show a distinctive lilac and purple-blue corona -
zoning and corroded rim (Figure 3.20).

K-feldspar and pyroxene in diorite present as minor phases. K-feldspar occurs
as anhedral crystals filled interstitially between plagioclase laths. Its size is about 0.5 — 1
mm. The K-feldspar grains are generally showed cioudy appearance. Moreover,
granophyric texture can be found in this rock.

Quartz occurs as anhedral crystals occupied interstitially between plagioclase

Accessory minera : ke Comprise sphene, apatite, zircon, ilmenite,

eufedral, fong and short column
\\}‘\\\‘\\. an anhedral, granular
)

etal'texture and pyrite crystals

magnetite and pyrite. Apatite
while sphene, magnetite a
behavior. In addition, somi€ ilpfe
show a cubic form. Finally g€higfitey c : o : secondary minerals in this

rock.

ﬂUEI’WlEJ‘VIiWEﬂﬂ‘i
QW’]Nﬂ‘imﬂmﬂﬂﬂ’]ﬂﬁl
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Figure 3.14 Field relationship of diorite and limestone.
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Figure 3.16 Showing subophitic texture

as

in

diorite (X-nicols).
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Figure 3.17 Showing microg

)

#

aph

W

ic b(tum in digrite (X-nicols).
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// 1“

i L
Figure 3.19 Showing general cr{sta‘%abits of homblende including euhedral,

subhedral an di'at ahd t\«ﬁnﬁg (X-mqols)

Figure 3.20 Hornblende in dlonte showmg Illac and purple-blue corona -zoning

and corroded rim (X-nicols).
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3.3.3 Quartz diorite

This intrusive rock, which crops out in the south-eastern corner of the study area
(Figures 3.2 and 3.21), covers an area about 3 km’. The rock contains a lot of xenoliths
of basalt, andesite and diorite. This intrusive rock has previous been mapped as diorite
by Jungyusuk et al., (1985) though it shows a distinctively different color from that of the

diorite, in addition, the crosscutting relationship in the field clearly reveals that they are

jorite post-dated the diorite.

aingdl, sigRUYApoRRhyritic (Figure 3.22) with the

phenocrysts of hornblend€, plagiotiase and “g inate K-feldspar (Figure 3.23). The

not a contemporaneous intrusion but
This leucocratic rock.

distinctively different aspe ; Ared to at this rock contains higher
dartz. The N s.characterized by subophitic,
€8 3.24 \

The main rock-forg aredcompesed of plagioclase (50 — 55 %),
hornblende (10 — 20 %), K-felds 5 ‘ A_ %) o\ 7z (15 — 20 %). Other accessory
minerals include sphene, apatité, zifcon, calcit opaque minerals.

The plagioclagelis 7"0 position varying from
andesine to labradorite ’f. - ’ A analyses of 10 grains

(Appendix D-1). This var}mon was observed from normal ﬂ;ed plagioclase crystals in

which the core is_ysually iofe calcic than thé-fim. Calsgj(ﬁt%a twins are relatively
more common wvﬁj in size i

e
ARIAINITU U INYIA Y

Unliie diorite, hornblende in quartz diorite is subhedral rather than euhedral and

approximately 0.5 to

2 mm.

ranges in size from 0.5 to 2 mm. Some crystals show either broken or corroded grains
which enclose laths of plagioclase, the so-called subophitic texture. In addition, the litac
and purple-blue corona-zoning are not found in this rock. The composition of
hornblende as determined by EPMA on 12 grains is edenite (Appendix D-3). K-feldspar

occurs subhedral and euhedral crystals in phenocryst and groundmass. Its sizes
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range from 0.5 to 2 mm and it generally associates with quartz in the form of

micrographic and granophyric textures.

Most of the quartz grains form as anhedral crystal. As mentioned above, it is
usually formed an intergrowth with K-feldspar in the form of granophyric and

micrographic textures.

Similar to diorite, the accessoryyminegals in this rock comprise sphene, apatite,

zircon and opaque minerals More ay, el nd calcite are also present as

secondary minerals

AUEINENINYINS
RN TUUMING AT
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Figure 3.21 Quarry-expc;s of

Figure 3.22 Specimen of quartz diorite showing slightly porphyritic texture.



Figure 3.24 Showing typical ganophyric texture of in quartz diorite (x-nicols).

42
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3.3.4 Hornblende-biotite granodiorite

The hornblende-biotite granodiorite is the most felsic intrusive rock found in the
study area. It crops out as small stocks about 2 x 5 km” in the west and about 1X1 km”
in central parts of the study area (Figures 3.2 and 3.26). It is fine to medium-grained,
grayish white (Figure 3.27), phaneritic, holocrystalline, equigranular with subophitic and

interstitial textures. The amounts of hornblende and biotite this rock unit seem to

60 %), hornblende (10-1 o) \K-feldspar (35 %), quartz (10-15 %) and
pyroxene (1-2 %). A n, paque’ minerals are accessory
minerals. —

Plagioclase crystals sentric zoning (Figure 3.29) with
subhedral to euhedral shape vamying 1.5 to 2 mm. lts chemical
compositions are andesine and ‘=“ optent = 34 - 53), based on the EPMA
analyses of 13 grains ' rys Sieve texture. In addition

Hornblende dominafitimoccurs as subliedral to corroded anhedral crystals that

snow strong piedOr STt A Ve8I s arain size vries

from0.5-1.5 mm""here are the remnant of small clipgpyroxene (augitg) grains in some
hornblena Wq ﬁﬁanﬁum Mfiﬁm Ié&i%%ﬁldﬁlrﬂeﬁMA analyses
of 14 gralns‘.I (Appendix D-3), is edenite with subordinate actinolite. One of the distinctive
feature of hornblende in this rock is that it is always partially replaced by biotite
(Figure 3.32). Occationally, hornblende crystals partially enclose laths of plagioclase,
the so-called subophitic texture, and may contain inclusions of other accessory
minerals, especially zircon grains Single twinning and lamellae-multiple twinning are

also found in this rock.
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Biotite is always formed as replacing phase in hornblende grain (Figure 3.32) in
the form of small flakes. It is brown to reddish pleochroic. The amount of biotite seems to

decrease from east to west (close to pyroxene diorite).

Quartz and alkali feldspar usually occur as anhedral crystal filled interstitially
between plagioclase and other mafic minerals Their amounts seem to decrease
westward whereas that of pyroxene increases westward.

¢ & }
. ':.; l‘;. o’

LB T

)
AULINENINYINT
RIAINTUNRINEIAY

s
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Figure 3.27 Specimen and staining slab of hornblende-biotite granodiorite.



Figure 3.28 Corroded pyr eng'in/ omb!enée biotite granodiorite (x-nicols).

.‘I'q
j!

Figure 3.29 Showing relationship among homblende, biotite, Zoned plagioclase and

interstitial quartz in hornblende-biotite granodiorite(x-nicols).

47



Figure 3.30 Poikiloblast

opaque minerals and parti

negd hom t;lg'nd"g',enclosing plagioclase, apatite, zircon and

ly eng o§e_élag}oc’l‘;se (X=picols).
Y [ Jil_
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(Figure 3.31 b)

A
-
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Figure 3.31 (a-b) Charactérisi omilende and general texture of hornblende-biotite
4 T

(= 4

granodiorite (X-nicols, plaifl palarized light)., \

P

Figure 3.32 Typical co-exist homblende and biotite showing partial replacement in

homblende-biotite granodiorite (x-nicols).
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3.4 Discussion on petrographic study

The summary of petrographic characteristic throughout the study area is shown
in Figure 3.33. The grain size variation may suggest variety of conditions of
crystallization in each rock. That is the coarser-grained gabbro and hornblende-biotite
granodiorite  might crystallize in more equilibrium condition than the two finer-grained

diorite and quartz diorite.

There are two dominant ) h rate of crystals, mass transfer
and heat transfer. The heat p e and it is faster than mass
transfer (Hibbard, 1995).( al gra ‘E‘Kd change of temperature,

i \} ium condition because rate of

mass transfer ciose to L ieg-in- thise conditions, Consequentiy, crystais have

magma may be cool do

iete formation. Gabbro and
hornblende-biotite granodi ' y stallize at this condition so both of
them have a coarse to medi ! o lar texture. On the other hand,
gradient resulting in a relatively
finer-grained, granophyric texture and; texture. These texture indicate in-
r%‘#

equilibrium condition or U nde

[ Y]

In addition, the fomation of phenocry n diorite a@quaﬂz diorite, as noted by
Hibbard (1995), may su egtae tamzatloﬂdnder an environment of low nucleation
density becausea:ﬁij yls ﬂltlmintll the temperature
decreased rapldly, resulting under—codmg conditiomsor steep thermial gradient. Then

rapid cwﬂ"ma @ﬁhﬂei@i um f]'g MH r]!ﬁ& surrounding

phenocrysts

Plagioclase zoning is very common in hornblende-biotite granodiorite, less
common in quartz diorite and diorite whereas it is lacking in gabbro. This characteristic

may suggest a different crystallizing condition between them. That is it was more
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equilibrium during the crystallization of gabbro while they were less equilibrium during

the crystallization of the other rock types.

Figure 3.33 S ughout the study area.

AUEINENINYINS
AMIAN TN INAE
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3.5 Modal analysis

Owing to their coarse-grained nature, modal percentage of plagioclase, K-feldspar
and quartz were point-counted from the stained slabs of gabbro (5 slabs) and
granodiorite (3 slabs). The results are plotted in QAP diagram after Streckeisen (1976)
in Figure 3.34. As shown in Figure 3.33, five points of gabbro slabs fall almost in the

grabbro field and all three point of granodiorite slabs fall in the granodiorite field.

(Streckeisen, 1976)

%
ﬁ,; Gabbro, diorite

ﬂ‘lJEI’WIEWIiWEﬂﬂ‘i
ammﬂmwnwmaﬂ

Figurél3.34 QAP diagram shows the results of plot of gabbro (5 samples) and

hornblende-biotite granodiorite (3 samples).
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