CHAPTER li
PETROGRAPHY AND MICROFACIES ANALYSIS

Problems conceming the interpretation of the depositional environments of the
carbonate successions in study area can commonly be carried out by subdividing them

into constituent facies and combining observations, which ar= i.ade on their spatial

relations, and intema>l characteristi li and sedimentary structures), with
comparative information fro stratigraphic units and modern

sedimentary environments.

n a semi-detailed systematic

/ : \\‘\:Q and subsequent petrographic
‘ sis of microfacies and their

descriptions of them:

depositional environment
3:1 Measured secticns

Since, the regicaal iehtates in NNW direction, the
‘
measuring sections ,‘

oCated in 5 areas arranging

3.1).

soes o u.mm NINEL LT o e s

could be recogmzed Tre section E (Pafiorama view as.shown in Figure.8.2) is, 52.5 meters

ek o oGS oot okdn i o e o | by e sounges

successxon in the study area. The section C of 89.5 meters thick, and D of 171 meters thick,

alphabetically as sectlonm B, C, D anc respectuvely (Flﬂe

(Panorama view as shown in Figure 3.3), located in the eastern part of the hill (at Wat Khao
Lamphean) are probably the oldest sequences.

In addition, the section A of 65.5 meters thick, and B of 175 meters thick, (Panorama
view as shown in Figure 3.4) located in the southern part of the hill (at Ban Chon Muang)

appear to be in the intermediate positions among those previously described sections.
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Figure 3.1 A topographic map showing 5 measuring sections arranged alphabetically as Section A
(A-A’), Section B (B-B’), Section C (C-C’), Section D (D-D”) and Section E (E-E”)
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B') located in southern part of the study area.

A panorama view (looking NW.) showing the investigation lines of section A (A-A') and section B (B

Figure 3.3
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The stratified sampling method (Flugel, 1982) was applied in this investigation.
Samples were systematically collected either from a limestone bed or from a group of beds
that with characteristics. In the latter case, the sample vertical intervai is commonly 3
meters apart. This vertical distance may be sufficient, in preliminary study, to unravel the
main depositional variations (Carozzi, 1978).

The total thickness of the composite sequence, from 5 measured sections are 553.5

meters. Accordingly, 310 samples were collected for subscquent petrographic study and

fossil identification.

3.2 Petrographic Me
Studies of microfaci O commonly be carried out by

means of microscopic )markable correlation between the

interpretation of their pri ' .\ 2ir and sedimentary textures

and their depositional envi

om selective samples for the

petrographic investigation un " roscopes. In addition, some thin-

gl =l =5 1—’,-"'.{“1‘ il

sections were stained, usmg technWatew 8Veloped by Hutchison (1974).

Y |

“Based on “Carbonate Rock

Classifications™ proposed lassification places primary

emphasis on the twﬁvﬁoﬁ: ﬁ %‘ 51,1tu %allochems) the matrix
(orthochems) an iJ it Ej) W Er ﬁ

The grain constltuents or allochems were described in term&/of four categories,
romely oo} rdcbet bAd k4 I i okl ilmcocsia
calcite of two categories namely micrite (less than 4 pym) and microspar (5-30 pm in
diameter, Folk 1965). In addition, the diagenetic constituents such as sparry calcite cement
and replaced dolomites will be considered. The quantities of these constituents were
estimated by “comparison chart method" (Flugel,1982). There are four degrees for the
abundance of allochems, namely, none (not present), rare (present to less than 5% of the

bulk), common (5%-30% of the bulk), and abundant (more than 30% of the bulk).
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The grain-size was described using terms introduced by Grabau (1903) as
calcilutite (silt and clay size), calcareanite (sand size), and calcirudite (larger sand size).

However, the calcirudite used herein one millimeter as its lower limit (Folk, 1968).

Besides, some interesting samples were investigated in the greater detail by
scanning electron microscope (SEM) to define characters of the microcrystalline

components. Some samples were also analyzed by X-ray diffractrometry technique (XRD)

The details of pet etholo@ results will be represented in

to identify mineral compositions.

The term “microf firs " ge ted IR (1943) as “In the thin-section,
the rock is seen to be co r ) Gl _. herefore, the microfacies is commonly
referred to criteria of facies a 3 094N the.ol ation of thin- section under microscope.
Anderton (1985) described the re qu ; : g‘ ies classification as “to establish a set
of definitions that will ub e rock und hus, the microfacies must be
referred to the set of Vf L be set up to subdivide the

thin-section of the rock 1 ler microscope.

properties, notably ents (allochems, matrix
and cement); (2) textures or fabncsﬂ' and (3) minesal compositiosd In other words, a

m.cmfaca Wh’]na\iﬂ‘ieﬁu b o %EJ'] A Bl iamss

including such things as primary sediments, diagenetic features and pore spaces.

Accordingly, 9 microfacies were recognized in the Khao Lamphean carbonate

rocks as shown in Table 3.1.
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Table 3.1 Summary the microfacies types identified in the study area.
Microfacies Lithological characteristic Deg
| Algal and a mixture of | Micrite matrix with rare to common microsparite; Algal is A
skeletal fragments, common to abundant occurring with a mixture of skeletal
packed biomicrite fragments of bryozoa, ostracods, crinoids and mollusk
shells; grain supported, packstone to grainstone textures;
grain -« I i galcarenite to fine calcirudite
[l Shell fragments Micii ag&_“ wihAare icrosparite; mollusk shells are R
biomicrudite - jant- and¥hssoe ostracods, mud or grain
su ’7’/ { coarse calcirudite
Il Encrenite {f’ h rare \ \ rite; crinoid stems are very R
g \ s eletal fragments; grain
\- s, grain sizes: fine to
IV Argillaceous sparse | Micrité m‘i ‘Jf -’-;»: micr sparite; a mixture of algae, R
biomicrite cri uy.i'-'a: er fa and ostracods; detrital quartz and
3l ented, matrix supported; grain
V Foraminiferal packe D : €, fusulinids and smaller A
biomicrudite 4 forams are abundant with rarity of other sketetal fragments;
j %{w i qu in interact; grain
ﬂu lsSiz :me al€i E[Pi ﬁa
C

VI Spaise bio cnte Mcnﬁﬂﬁﬁﬁ? 0 mi r((ﬁg ite; a mixture
andf ﬁo *(j LI ifoi mall ﬂiwj sﬂ:ods; mud

micrlte supported; grain sizes calcilutite to fine calcirudite

Deg=degree of abundance of the microfacies A=abundant C=common R=rare




Table 3.1 (cont.)

Summary the microfacies types identified in the study area.
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Microfacies

Lithological characteristic

VIl Biosparite

Sparry calcite cements with rare micrite; algal fragments
and forams are abundant; grain supported; grain sizes:

medium to coarse calcarenite

VIII Biopelsparite

IX Biopelmicrite

ith rare micrite, peloids are

Sparw ~ Site %f:}/‘

ind associate@with forams and algal fragments;

Deg=degree of abundance of the-microfac ¢ § C=common  R=rare

___,, ]
AU INENTNEINS
AANTAUIMINGIAY

X
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3.3.1  Microfacies | Algal and a mixture of skeletal fragments packed biomicrite

The Microfacies |, Algal and a mixture of skeletal fragments packed biomicrite, is
composed of bioclasts as major allochems with dominant micrite or microcrystalline calcite
matrix. The important character of this microfacies is its allochems consisting of algae and
a mixture of various skeletal fragments including smaller forams, fusulinids, bryozoa,

ostracods, crnin2ia. and mollusk shells as the bioclastic components.

mwlul@(bed thickness 20-30 centimeters)

2-3 mete ﬂ eolor varies from gray to dark gray

The microfacies | is

to very thickly bedded (

color. It usually does no bly q\\ entary structure.

This microfaci . Itis widely discovered in the

measuring section E an ﬁ ! \\\ es in the sections A, B, C and
" x -\ “I8
\ \

D. The distribution of the ' | Jﬁ

Under microscope, | ey s grain supported textures grading from

packstone to occasionally grainstene with abur iCri ic d matrix. The micrite usually

i larger cry§taline-mierespasie-toy-to-b0%-oithe B h
invert to the larger c v ; Orthoc ems).

The allochems aE almost bioclasts uding fra@ents of various faunas. Their

grain sizes range from miedium to coarsegealcarenite (normally 0.2-1 milimeters in

diameter) but in ﬂ"%@"gw‘w&% ‘ﬁ m@ q ﬂ @m sizes will increase to

fine calcirudite (n&mally 1-5 mm.). The clasts are &enerally not roepded and could be
identifi ec@;ﬁrﬁ‘aﬁxﬂvﬂ ﬁ@%ﬁ%ﬂkﬂeﬁ}a Elams are so well
rounded a8 spheroclast (Flugel, 1982) that they could not be identified. The grains are
commonly well sorted to moderately sorted, except in some horizons, where they contain

macre ‘2unas and large fusuline, their sc~~g hecome poor.

The eminent bioclasts, algal remains, are most common to abundant (usually more

than 10% up to 70% estimated by volumetric comparison chart). The algal remains
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appeared both as unidentified algal clasts and fragmented thallus of dasycladacean algae
which almost indicate allochthonous origins or can be compared to rudstone and floatstone
(Wilson, 1975 and James, 1983). But in the section D (D4, D38 and D45) and section E (E9,
E12 and E16) the algae show life positioned autochthonous origin as bafflestone which

appear to be the massive and branch coral colonies.

Fusulinids and smaller forams are the second-most abundant faunas found with the
algae fragments in common (5%-30%) xcept in the measuring section E where the

/ ozoa are usually rare (less than 5%),

foraminifera become rare (less th

they are occasionally found in €
—

Ostracods and malus ll ' it. 0i.(10%-20%) in some parts of the
measuring section E an ‘ part of * ~\ suring section D but they are
usually rare (less than : " i ections. Similarly, crinoid fragments are

commonly rare (usually i

where they are commonly f

A selective of exa e Microfacies howing some variation in their

bioclasts and textures are sh

Interpretation :* ﬂ dommatnon of embedded,

unbroken algal fragme atﬂhe low energy depositional
environment of subtidal an‘g subwavebase zone Grain-supported texture and some of

fragmented clasﬂ sm ﬂ%ﬂ ﬁﬁ WMﬁ‘EIose to wave-base or

irregularly effectedipy storm wave base

IRIAINTUNMINYINY

3.33 Microfacies Il Shell fragments biomicrudite.

This microfacies composed of bioclasts as major allochems and contain of micrite
or microcrystalline calcite matrix. The distinctive character of this microfacies is its major

bioclastic grains consisting mainly of fragments of mollusk or ostracod shells.



Figure 3.5 Photomicrographs of the microfacies I, Algal and a mixture of skeletal
packed biomicrite

(All scale bar=0.25 millimeter)

(a) Polished slab [Sample No. 7-11-1AB] showing general petrography of the

microfacies |.

(b) Unstained thin-section [Sample -6-5L] showing general micrographic

(c) Unstained thin i ‘Noi 6-17-1F ose up of the major grain

components; fus | fragment [A ai e crinoid stem fragment [CS].

(d) Unstained thin sec ], \showing some of minor grain

(e)  Unstained thin-section [Samplé No. 6 ingrthe grain components; shell
fragments [SH T'g;v nd encrusted fo Y}
) Stained thin-section}Sample No. 6-15—1.} showing all grain components and matrix

are red sﬂe’«”ﬁéﬂnﬁﬁ%dﬁ Wrﬂ’} ﬂ ‘%cute character.
() Lmﬁ gnfjmﬁ ﬁ«ﬁ]lj\wm Erud ‘matrix with

(h) Unstained thin section [Sample No. 3-6-5F] in high resolution micrograph showing

almost microsparite [MS] matrix and some relics of micrite mud matrix [MI].
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This microfacies is quite rare. It could be discovered only in the horizons E2, B5/1,

B24/1, B29, A12/1, A15/1, C9/1, C14, D7, D15 and D36 (See figure 3.14).

The microfacies Il are usually medium to thickly bedded (bed thickness 20-50

centimeters). Its color is usually dark gray, darker than others.

Under microscuy., Its textures range from mud supported with abundant of micritic

., supported, namely, packed biomicrite.
& mon and locally replaced by fine
grained dolomite. | — —

The allochems are sts o In the horizon E2 and D15, the

shell fragments consist onl 2 ed fragments achiopods and bivalves. Their

mud matrix, namely, sparse biomicri

However, microsparite matrix

grain sizes range from coarse S-Mé m calcirudite (normally 0.5-2

centimeter). Most bioclasts a

However, in the horizan: A15/1, C9/1, C14, D7 and D36,

< . "\Jﬂ’
the abundant bioclasts ‘arel compdsea

é\ ?5»'  — \ "\"
giant Alatoconchid bivalves (Family

Alatoconchidae) with other, léss ‘aBundant, sk agments. Ostracods are varying from

rare to common (usually not more than-10%).- of fragments are coarse calcirudite

-

(normally ranging be “"" meters-in- ~ J

Some selective teEJres. 0 ariation in g@n constituents and textures of

the Microfacies Il are showrglrﬂgure 3.6. o/

AULINYNINYINTG

Y

e ] e, 5
deposition‘I iro r@wt ubwavebé: A1 | scan and other

infaunal biota point to soft substrate condition and restricted environments but the influence
of moderate circulation might cause fragmentation of bioclasts. Moreover, the majority of
grain-supported texture of fragmented clasts and spheroclasts may indicate either shallow

water close to wave-base or being irregularly affected by the storm wave base.
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Figure 3.6 Photomicrographs of the microfacies Il, Shell fragments biomicruite

(a)

(b)

(c)

(@)

(e)

)

(@

(h)

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 7-11-1AB] showing general petrography of the

microfacies |l.

Unstaned thin-section [Sample No. 3-6-5L] showing the general micrographic

petrography of microfacies i rain components are the shell fragments

[SH] in the micritic mud
Unstained thin-sec ~.s the grain components; shell
fragments [SH], al fre -_\ ents [A], and the fragments of

crinoid stems [C

Unstained thin secti .‘ 85 howing the grain components; shell

fragments [SH] anda yments [Al, and the logally occurred stylolitic texture.

Unstained thin-section [Samg NO-—= 1F] showing the grain components;
ostracods shell [@ ‘

\Z
Stained thin secticﬁ[Sa .

|
owing ﬂgrain components and matrix

are red stained by élpa&r: red-s solutiorH'Ddicate the calcite character.

AULINYNTINEINT

Stained thififsection [Sample No 8-1-1L] showmg some shel| fragment were

Wﬂmﬁmﬂﬁﬂﬂm Ay

Unstamed thin section [Sample No. 3-6-5F] in high resolution micrograph showing

almost microsparite [MS] matrix and some relics of micrite mud matrix [MI].
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3.3.3 Microfacies lll Encrenite

The Microfacies lll, Encrenite, is the specific name which is defined for the
limestone that contain crinoidal fragments more than 50% of the bulk (Bissell and Chilinger,

1967). It is equivalent to crinoidal packed biomicrite.

This microfacies is commonly re be only discovered in horizon B12 and

_\\\

C2 (see Figure 3.14). It is usuz average bed thickness is 1 meter,

and does not display interna

Under microscop d textures including obviously

grain interact with minor

Crinoids stems ar Al bioclastic\fragments (60-80% of bulk), and
wsually smaller forams, rare to
common (not more than 10% f Dk In. ag 2y are usually poor to moderately

sorted.

There are a mber of several horizons display-mi acies that almost resemble

1.! ‘

ommonly consist of crinoidal

the encrenite. For exam e:‘-'

fragments (20-30% of the ulk but the other associated gnas such as smaller forams,

::i:::e: :‘i':ﬂmgom gum ﬂ flﬁ they are put in the
WW !5 mwﬁﬂ WH Gr]:ﬂ EI fragments (20-

30% of the\"bulk) being embedded in mud supported and they could be referred to as
encrenitic limestone (Bissell and Chilinger, 1967). Accordingly, they will be more

appropriate to the microfacies VI, sparse biomicrite and fossiliferous micrite.

Some selective textures showing their variation in grain constituents and textures of

the Microfacies Ill are shown in Figure 3.7.



(a)

(b)

(c)

(d@)

(e)

U]

(@

(h)

Figure 3.7 Photomicrographs of the microfacies I, Encrenite

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 5-11-1L] showing general characteristics of the:

microfacies lII.

Unstained thin-section [Sample No. 5-11-1L] showing the general micrographic

Unstained thin seCtiondSaf -» = 11-1L] showing the grain components: crinoid

Unstained thin 5€ g.the grain component; crinoid

stems [CS] and e : A

Iy f [

Stained thin-section E ple No. 5-11-1k}all grain components and matrix are red

taned ﬂ‘lJEl’J ‘wamwmm
L O R

the mjicrite mud matrix [MI], and the microsparite [MS].
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Interpretation : The presence of abundant micrite indicate the low energy
depositional environment of subtidal and subwavebase zone. Grain-supported texture i.e.,
almost grainstone consisting of fragmented crinoid stems and some spheroclasts also
indicate either shallow water close to wave-base or irregularly being affected by storm

wave base.

3.3.4 Microfacies IV Argillac

.

The argillaceous sp ) rite’§s th

icrofacies founc in the study area.

ck, belong to this microfacies.

its. major allochems and micritic

Only one horizon E3 (see Fig

This microfacies i

mud supported texture. Thes Stricture ob y hows internal laminations.

In the field, the rogks bed, thickness 20-30 centimeters),

yellowish gray calcilutite. T are easily recognized on their

weathered surfaces.

;."-a of a mixture of bioclastic

57 mollusk shell fragments, algal

Under microscgpe, The rocks are commonty com

components (about 40 %.of

fragments, rare fragme 'Vof crinoids, bryozoa and osfracods being embedded in

¢
abundant micn'teﬂuqt; ﬂﬁrﬂﬁmmﬁ BTVH \jplaces, numerous thin
seams of clay a q]ir erdls'a equen ved indicating stylolitization in the
™ ARSI YNINYaY
Another di’slnave cﬂracten’stlcy lﬂ

s microfacies is the presence of detrital

qQuartz grains. The quartz grain, well rounded, fine sand to silt sizes, are found in common

(nearly 10% of the bulk).

Furthermore, in stained thin-section (using combination of potassium ferricyanide

and alizarin red-S solution), quartz grains show colorless but some components such as the
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microspar in cavities, and algal fragments turn mauve, which is the characteristic of ferroan

calcite (Hutchison, 1974).

Some selective textures showing their variation in grain constituents and textures

are shown in Figure 3.8.

Interprewa.on : The presence of abundant micrite indicates the low energy

depositional environment of subtidal an vebase zone. The terrigenous sediments

and mud-supported texture mic shore and restricted depositional
This microfacies i f ‘ bioclasts as dominant allochems and some
micrite matrix. The most distincti of th \ ofacies is the remarkable abundant

It is dominant ;""' ! "3t occurs in almost measuring

sections except the sectﬂ ed _mthe middle of the section A, B

and D and at the lower part ‘Qf the section C.

vis confhl b 8h S AT LI A Bk G 0 vry it

bedded (bed thlcmness 1-2 meters), ggray to dari&;ray and soney’me shows internal

e RRARIIU NN TINETIRE

Itis usually intercalated with the Microfacies | and Microfacies VI. The distribution of

the microfacies V is shown in figure 3.14.

Under microscope, it ciearly shows grain supported fabric with grain interaction,

and their intergranular spaces were filled by micrite or microspar calcite. In places,
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Figure 3.8 Photomicrographs of the microfacies IV, Argillaceous sparse biomicrite

(a)

(b)

(c)

(d)

(e)

V)

(@

(h)

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 8-3-1L] showing general characteristics of the

microfacies IV.

Unstained thin-section [Sample No. 8-3-1L] shows the general micrographic

characters of the microfacies |V

Unstained thin-sections{Sam; & the stylonodular texture; Detrital
T —

quartz grain [Q] a i atrix.in.wrink mination of stylolite [MI].

Stained thin sectio ' ” 34 10ws the grain components. Smaller
§ ; 'Jr 4

forams with different stai i d Stained of calcite and violet stained of

ferron calcite) [SF] and. detrirai:

Stained thin sectio e grain components. Detrital

quartz grain (rnot S ained) (Q], Algae (both red stained of calcite and violet stained

e E TN
m‘:@nﬁ”’ ST -

Iongutudmal section with half red stained and violet stained) [A].

Unstained thin-section [Sample No. 8-3-1L] in high resolution micrograph shows the
major grain components and the matrix. Algal fragments [A], detrital quartz grain
[Q], microsparite matrix [microcrystalline calcite in vhite color area] and the micrite

mud matrix [MI] (black color area)
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numerous thin seams of clay and iron minerals are frequently observed indicating

stylolitization.

The allochems are almost tests of both smaller foraminifera and larger fusulines.
The former is commonly 0.2-1 millimeters in length consisting of various species, however
at least 5 species of them can be recognized. Contrarily, the latter is usually 1-5 millimeter
in length and consisting of Neoschwagerinids and Verbeekinids. Furthermore, some

fragments (0.2-1 millimeter. in length) of ostracods and other shells are occasionally seen.

Some seiective textures . ion in grain constituents are shown in

Figure 3.9.

Interpretation : The ana the domination of embedded
the foraminiferal tests indi nal environment of subtidal and
subwavebase zone. Gr. \ 1 ! some ented clasts and corroded

tests indicate either sh

storm wave base.

336 Microfacies VillSparse bioriicri forgus micrite

'V‘-— 3

This microfacies Erather common in the study are@ It occurs in every measured

f, s
rock-sections. Itg g}g %ﬂz’ nmuﬂw Td Microfacies V. The
distribution of theﬂc s Vlis's ng in Figure 3.14.
¢ o v/
TS T A - e
bedded (0560-2 metes thick), d

ark to dark gray, and does not show internal sedimentary

structures.

Under microscope, It shows various bioclasts scattered by embedded in abundant

micritic matrix. This distinctive feature, mud supported texture, can fall into two categories;
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Figure 3.9 Photomicrographs of the microfacies V, Foraminiferal packed biomicruite

(a)

(b)

(c)

(@

(e)

®

(@)

(h)

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 7-11-1AB] showing general characteristics of the

microfacies V.

Unstained thin-section [Sampie No. 3-6-5L] showing the general micrographic

Unstained thin-section [Sample No. 6-1 MQ the grain-supported texture

with interactions of t s (G "\\

wmg the grain components;

Unstained thin-sectio! 6.5 ving the micrite matrix [MI] and the

grain components; fus is{Flanden forams [A].

Unstained thin | S&c owWing the grain components;

bryozoa. LY, ' A

Iy , ]

Stained thin-section {Sample No. 11-1@-1F] showing all grain components and

e VTIN5
TR PO AT NIV B o

matrix are red stained.
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namely sparse biomicrite (10%-50% of the bioclasts) and the fossiliferous micrite (1%-10%

of the bioclasts).

The sparse biomicrite is widespread and composed of various combinations of
skeletal fragments such as fusulinids dominant (B42, D10, E6 and C18), algae dominant
(D16, B18, B20 and B43), crinoids dominant (B1 and C8), ostracods dominant (B31) and
shell fragments (C13 and D25).

The fossiliferous micrite are less It appears only in the top of the measured

rock-section B and the lower part k-section D. It obviously shows lower
)stracods are occasionally seen.

However some appearan iong we Scoveied (B2 and B9).

Regarding to its y equivalent to calcilutite, and

some bioclasts are usu about 0.2 millimeter in length),
except in some horizo 1 1arge fusulines, ‘their grain-size range from 1

millimeter up to 5 millimetegs | i ; \

Some selective te ing' theif ) n‘ ) In grain constituents, are shown in

Figure 3.10.

Interpretation y,' > presence of abui IJ indicates the low energy

depositional environment of subtide avebase ﬁwe. The faunas are rare and

found only fragmented bloc*ags which mdlcatﬁjllochthonous origin far from their sources.

The bloturbatlonﬂd%lﬁaq %QH %ﬁ %m;ﬂo'ﬁmon with conducting for

the soft substrate ffaunas. Majority of Spud-supported texture with some fragmented clasts

" RRARIN TS WATRE G 2

3.3.7 Microfacies VIl Biosparite

This microfacies is considerably rare. It is locally found only in the top of the
measured rock-section B namely the horizon B3, B4, B5, B7 and B17. The distribution of

the microfacies VIl is shown in Figure 3.14.
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Figure 3.10  Photomicrographs of the microfacies VI, Sparse biomicrite and
fossiliferous micrite

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 11-8-1L] showing general characteristics of the

microfacies VI.

Unstained thin-section [Samgle N '1,3

S —
ing the mud-supported texture.
N
N

\ g the micritic mud matrix and

Unstained thin-secti ample . No, /5-0 Nowing the grain components;

Unstained thin se

the grain compon

fusulinids [F], ostracodsflests {57, and algakfragments [A].

Unstained thin segtic . 5-1 3.the bioturbations.

— — 3

Stained thin-sectkﬂSamp NO. 1-8-11-F] all grain GO

ponents and matrix are red

AUYINENITNYINS

Unstained tﬂh section [Sample I\‘o 11-8-1L] in hngh resolution ras,rograph showing

"ARIG RS Fanse 4 ¢

stained.
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In the field, the rocks is medium bedded (bed thickness 20-30 cm) to very thickly
bedded (bed thickness 1-2 centimeters), gray to dark gray, and does not show internal

structures.

Under microscope, texturally, it is distinctly grain-supported with intergranular,

sparry calcite cements (20-50 microns in diameter). Furthermore, this microfacies could be

I 'ﬁd biosparite and unsorted biosparite.
ely umﬁzons B3. The micrite matrix

appearance in rare (Ies -\:\\ hems are abundant and consist
- ‘,f

subdivided into two categories, namel

The rounded bios

mostly of abundant algal fra Aabout 50° W|th minor amount of fusulinids

and bryozoa was found in cgfMmmé s thar

bulk). The fragments are medium

\

calcarenite (0.3-0.5 millimétegs inde »‘_,- \ ded to sub-round.

The unsorted biospari e round biosparite. It is found in

horizon B4, B5, B7 and B17. The mi
Its bioclastic content is more dive
subordinate amount of algal ments: and sm rams. The clasts are sub-angular and

ommon (10%-30% of the matrix).

Iy consists of fusulinids (5-20%) with

D

poorly sorted. Their Jrafi-ses-—fange-itom-fne-caioarer :‘r- coarse calcarenite (0.1-1

millimeter) and up to fine Talcirud sid grain sizes.
Some se@“wrg m&ms wﬂ I]rf] jnstltuents are shown in
Figure 3.11.

QW?ﬂ\ﬂﬂ‘im UANINYNAY

Intelpretatlon : The presence of abundant sparry calcite as the intergranular
cements indicate the high energy depositional environment in subtidal and wave agitated
zone where almost muddy constituents were washed out. Grain-supported texture and the
domination of almost rounded fragments also indicate shallow water being regularly

affccted by normal wave agitation.
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Figure 3.11  Photomicrographs of the microfacies VII, Biosparite

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 5-4-1F] showing general characteristics of the

microfacies VII.

Unstained thin-section [Sampie

io. 5-7-2F] showing the general micrographic

characteristics of microfacie

Unstained thin-section"{Sample NG 51@9 the grain components; algal
fragments [A]. W ™

Unstained thin s

the grain compo

Unstained thin-sectig Sample. No. “showing the grain components;

fusulinids [F].

Unstained thin| s&

the grain com o"y:'

Stained thin-section{Sample No. 5-7-2EL.all grain components and cement are red

sares. AAUBINENINEINT
AT A4 HATY ARSIl oon v

the $parry calcite [SP).
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3.3.8 Microfacies VIl Biopelsparite

This microfacies is widespread. It occurs in the top of the measure section A
(horizon A2, A3, A4 and A16.), in the measured section B (horizon B8, B15 and B16) in the
measured section C (horizon C5) and also in the lower part of the measures section E (

horizon E15) as shown in Figure 3.14.

In the field, the rocks are us ' bedded (bed thickness 0.5-1 meter) to very

thickly bedded (bed thickne to dark gray, and does not show

internal structures.

calcite ~ement (20-50 micrQfs i :x-? sho a Figure 3.12h.

ovoid shaped, and structureless. The

ol
g

cause of their characteristic of

pellets are particularly abundant (J ihe Bulk) in the horizons A2, A3 and C5, lesser
: t common (20-30%) in the
horizons B8 and E16. L 7

J

. ¢ o L
The bioc Wﬂmﬂm (gwrﬂxﬁme horizons. The major
grains are algal nts (often in abundant) with some of fusulinids and smaller forams

(often in rﬁﬁlg qzj jgﬂ mj ﬁi iN-Si o only range from
medium ac renit co calcarenite (0. illi m!j:ﬁ ﬂ calcirudite (1-5

millimeters) especially with fusulinid grains.

The ratio of bioclasts by pellets to usually ranging from 1/3 (in the horizons which
very abundant pellet) to 1/1 (in the horizons of equal abundant), except the horizons B8 and
E16 where pellet and algal fragments are roughly equal, thus it is about 1/2.
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Some selective textures, showing their variation in grain constituents, are shown in

Figure 3.12.

Interpretation : The presence of abundant sparry calcite as the intergranular
cements indicate the high energy depositional environment of subtidal and wave agitated
zone where almost muddy constituents were washed out. Grain-supported texture and the

domination of almost rounded bioclasti

ins indicate shallow water regularly being
affected by normal wave agitatiop. HO\ sociation of micrite and presence of

faecal pellets indicate lessweffec 3 some protections but moderate

This microfacies is faund i fiost-m astired. roc -sections except the measured
rock-section E. namely in the § ?.'_'-;-_:‘:.-_E red section A (the horizon A8, A9, A10
and A15.), in the measured sectio l;-;:'::-;::'.‘--‘ 1813 and B19) , in the measured section

C (C3, C4, Cs, C7, C 1

L)

, D17, D26, D29, D30, D32
-
and D33) as shown in EigUire 312 X )

In the field, the rm(s is thickly bedded (bed thickna 0.3-1 meters) to very thickly

UYINTNIN
ARIBANIOLUBAT LY DL common

abundant 50-40% of the bulk) and some bioclasts embedded in micrites or, sometimes,

laminations.

bedded (bed thicFlfTess 1-2(:éhtimeters , gray fo/dark gﬁrﬁo%asionally shows internal
U

microsparite matrix. Texturally, mud supported is predominantly observed as shown in the

Figure 3.14.

The peloidal grains seem to be faecal peloids being indicated by their characteristic
of dark, ellipsoidal shape, fine-grained (50-100 microns) and structureless grains. The

pellets were usually found in common (5-30% of the bulk).
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Figure 3.12  Photomicrographs of the microfacies VIiI, Biopelsparite

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 1-2-1A] showing general characteristics of the

microfacies VIII.

1-1-2F] showing the general micrographic

Z

ik} _showing the grain components;

Unstained thin-section [Sample Na

characteristics of microfacies VII.

Unstained thin-sectio

smaller forams [SM]

Unstained thin sectiogh ving the sparry calcite cement and
'b.q

the grain components

Unstained thin-section'{S ‘ ing character of peloids in different

size.

Unstained thin section {Sample No. 1-1-2F] the feac ial D

Vi
J

Stained thin-section

onents and cement are red

ﬂ‘IJEJ’J‘VIEI'Vl‘ﬁWEJ’]ﬂ‘E

Unstained thm section [Sample NO. 1-1-2F] in high resolutich migrograph showmg

AR I AN TINETRE

Sample No. 1-2-1A] all grain cof

stained.
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Some bioclasts are common to abundant (5-50% of the bulk) consisting of various
of types. Algal fragments and forams are mostly found. Ostracods fragments and other
shell-fragments are sonietimes found in places. The clasts are commonly poorly sorted,
and their grain-sizes range from fine calcarenite to coarse calcarenite (0.1-1 millimeter),

and occasionally up to fine calcirudite (1-5 millimeters) with the fusulinid grains.

The proportions of the bioclasts to pellets usually range from 1/2 to 1/3 in the

horizons which grain supported, and s imes it becomes 1/1 in the mud supported

7

Some selective textu ' eir@b grain constituents, are shown in
.H

Figure 3.13. /

Interpretation : The

the domination of embedded,

unbroken algal fragm e low energy depositional

environment of subtidal a ud-supported texture with the

presence of faecal pellet e due to some protections but

moderate circulation.

3.3.10 Distributigh 7

ﬁﬁﬂﬁ%ﬁﬁ%wawni

in this sectlon the microfaciesd, V, VIl andgX are dlstmctlymbsewed The lower

ot o WA PERATE HARIH EIARE) i covm

encounter aeloidal microfacies such as the microfacies VIIl and IX.

The distribution of the microfacies in the section A is shown in the Figure 3.14a.
The distribution in the Section B

In this section, the microfacies |, V, VI, VII, VIIl and IX are distinctly observed. The

lower part of the section i an alternation of microfacies | and V. Its middle part peloidal



(a)

Ib)

(c)

(@)

(e)

®

(o),

(h)

Figure 3.13  Photomicrographs of the microfacies IX, Biopelmicrite

(All scale bar=0.25 millimeter)

Polished slab [Sample No. 1-6-3L] showing general characteristics of the

microfacies IX.

Unstained thin-section [Sample No. 1-5-2F] showing the general micrographic

mg the micritic mud matrix and

the grain compon o

tem [CS] and peloids [P] .
Unstained thin se€tiogd'S; / ) - € micritic mud matrix and the

grain components
Unstained thin-sectio owing the micritic mud matrix and the
grain components; s ragments [A] and peloids [P]

Unstained thin sectiofi [Sample N 1 llets.

—

Stained thin-section [Sa b , grain J; mponents and cement are red

AULANYNINYINS

Unstainedfhin section [Sample No. 1-12-1F] in h|gh resolution mccrograph showing

W’Tﬁ"ﬁ‘ﬂ‘?m TTFIN Y

stained.
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microfacies such as the microfacies VIl and IX accompany with other microfacies such as
the microfacies |, V, VI and VII. The upper part of the section is obviously a distribution of

the microfacies VII.

The distribution of the microfacies in the section B is shown in the Figure 3.14b.

The distribution in the Section C

In this section, the microfacies

Il and IX were studded out. The lower part
The middle part obviously encounter

eloidal microfacies such as the. .' faci ﬁ‘is well correlated with the section
2 | ——

A.
The distribution o shown in the Figure 3.14c.
The distributiof’in
In this section, thedmi ,, “were studded out. The lower part of
the section is an alternatiog” of fimicrofacies &f V, VI and'IX. The middle part the muddy
microfacies VI is distinctly obsered:The up art of the section also accompany the

microfacies |, V, VI and IX \ike its loweppart: / +
_'_ﬁ’ =t ¢ !: '

The distribution-ef the microfacies in the si - is'shown in the Figure 3.14d.

¥
The distribzﬁm in the Section”

e ) H N RIIAT TR A G i o

the microfacies Vllwn the lower part, and the microfacies Il, IV and VI in the upper part.
g p

AR IR G b e

3.4 Fossils identification

A particular attempt has been made to identify some distinguishing fossils which
may provide important stratigraphic or paleoenvironmental information in the carbonate

rocks found in the study area.
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Figure 3.14(a)

The petrographic characteristics of the scction A at Ran Chon Muang in the southern part of the study area.
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The petrographic characteristics of the section C in the castern part of the study area.
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Figure 3.14(d) The petrographic characteristics of the section D at Wat Khao Lamphean in the northern part of the study area.
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Figure 3.14(e) The petrographic characteristics of the section E at Ban Phu Noi in the western part of the study area.
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Corals and fusulinids are, among other fossils, the most important index faunas for
studying the Permian stratigraphy. They have been studied by many paleontologists in
many countries for a long time not only because of their widespread distribution around the
world, but also they developed many phylogenetic lineages with rapid evolution.

In Thailand, since, many paleontological works have conducted for the identification
of the corals and fusulinids as well as their distribution in the Permian stratigraphy of

Thailand, their well correlated biostratigraphic zonations have been remarkably established.

3.4.1  Fusulinids
Fusulinids are t tests or shells are commonly
fusiform or subcylindric lled axis of coiling, and are
ranging from 1 mm. to 1 ng to phylum Protozoa, Class
Sarcodina, Order Foraminif 1“The fusulit ‘ cre commonly referred to as a

superfamily of suborder Fusulinina which contal ' lany hundreds species.

The fusulinids.a use in-man _—___3 formations in Thailand and
- d
other countries. They are,an. C g QU of fossils beginning in late

Mississippian Period and éxtinct at the end of Permian Peride (Thompson, 1964).

- Q/
The stud%uh&lﬁgsmﬂln zm ﬂ;';l.g‘:jar (in Heim and Hirschi,
1939) rﬁfﬁ Pf ccir}_rfe of rﬁddle Permiafisf sulinids’_]((l:lg hwagerinids and
somoo Dl NN e S Yk dFLEN AN e

central-north Thailand.

Subsequently, fusulinids have been focused on by many researchers, which
important studies particularly in the Central Thailand, namely, Toriyama and Suki (1959),
Borax and Stewart (1963), Pitakpaivan (1966), Toriyama and Kanmera (1968), Toriyama et
al. (1969), Ozawa (1970), Toriyama and Pitakpaivan (1973), Toriyama et al. (1974, 1975),
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Titirananda (1976), Toriyama (1976), Toriyama and Kanmera (1977), Toriyama (1978),
Toriyama and Kanmera (1979), Wielchosky and Young (1985), Altermann (1989),
Chonglakmani and Fontaine (1992), Dawson and Racey (1993), Fontaine et al. (2000),
Jaiboon (2001), and Fontaine et al. (2002).

From the investigation, the distinct Middle Permian fusuline belong to Family

Necsci.wayerinidae, Verbeekinidae and Schubertellidae were discovered in the study area.

Accordingly, five s

— ~ -
described in this work. The/ ide tiﬁ‘m

five genera in four families are

Genus Colania Lee, 19
o Colani‘ - pl.1, figs.1-6.

Subfamily Sumatmnae Silvestri, 1933.

T ERTIMANEINT. e
ramiy shaenb ot b oo 3 VI EVEV E)

Subfamily Chusenellininae F.Kahler and G. Kahler, 1966.

Genus Chusenella Hsu, 1042

@ (CHUSCHEHA SD i cvvws awvmmemamssunsibusmhi s v m s S TS iR S EREs S UETE Y pl.2, figs.5-7.

Family Verbeekinidae Staff and Wedekind, 1910.



Subfamily Verbeekininae, 1909.
Genus Verbeekina Staff, 1909.

C " T E o (PO — pl.3, figs.1-3.

Family Schubertellidae Skiner, 1931.

Subfamily Boultoninae Skiner and Wilde, 1953.

Genus Codonofusiella Dunbar a

® (Codonofusiellasp. LS F o @ ... ... pl.3, figs.4-7.

Therefore, the fu " = which is characterized by
and Verbeekina sp. This

fusulinids coteries are widely distri in, C¢ ‘ ‘ 3 >h as in Khoa I-mot (Ozawa,

The age of Colania $p. | itanian{(@zawa, 1970), while Sumatrina cf. longissima

Deprat is lower to upper Capii@ni | (O2awW: 70"and Jaiboon, 2001) and Verbeekina sp.

ields long occurrence in Guadalupi e
e | p'

Thus, the age of the ate rocks in ea will be assigned in the Lower

to Upper Capitanian ac&ait iihd cf. longissima.

3
T AUYANYNTNYINS

According % the charactenstls.s of their mld -body cavmes coral have been

c|assmeoq Wﬁ ﬁ@tﬂﬁwwq %ﬁﬁ}aﬁ E]uch have been

found from Rrecambrian to present day.

The most abunc'zn* 2nthozoan in the Paleozoic were assigined to subclass Rugosa
(rugose corais) and subclass Tabulata (tabulate corals). They construct their calcium
carbonate exoskeletons, which called corallite, for supporting their bodies and are usually
preserved as fossils. The rugose and tabulate corals are widely discovered in the Permian

and Carboniferous rock formations in Thailand.
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In Thailand, the coral fossils have been less interested than fusulinids. Minato
(1944) reported the first discovery of coral fossils, namely, Wentzellella subtimorica in the

Northern Thailand.

Sugiyama (1982) studied corals collected from Khao Khao, Changwat Saraburi,
Central Thailand. They comprise Chihsiaphullum kanmerai Sugiyama, Psuedohuangia aff.

Aberrans Fontaine, Ipciphyllum saraburiense Sugiyama, Paraipciphyllum aff. hudsoni

Minato and Kato, and Tetraporinus afi. f

After that, almost studi€

.J___
wnd particularly in the Permian
k 1 r Henri Fontaine with his co-

Saraburi Group in Central
worker including the seni the Department of Geology
Chulalongkorn university.

Chonglakmani a acsils and paleoenvironments of
Carboniferous to Permian etchabun area. They concluded

that the depositional environfen{siwere s arine and warm sea water and yield

proliferation of coral and algalireet Px, . e. The coral are most favored in

Murghabian  (/pciphydidim,__Wentzelloides, —PSuaohuangi J ind Sinopora) with large
.f

fusulinids (Verbeekina, 7‘-"“ : 3) and marine fossils beionging to

ﬂ fossils have been discovered

that indicate the ﬁﬁ ﬂﬁ ﬂ gWg BTﬁqj; e —
ﬁfiaim (ITLT LN LI AT 1) el

corals in Thalland as follows:

Dzhulfian and Dorasha n have never been found, but pla

(1)  Faunas including Kepingophyllidae, indicate Asselian-Sakmarian
(2) Limestone rich in Protomichelinia commonly belonging to Yatashian-Bolorian,

at least in the Leoi-Wang Saphung region.
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(3) The Chihsiaphyllum-Crassiparietiphyllum assemblage corresponding to
Kubergandian may be the base of Murghabian.

(4) The Ipcipphyllum-Multimurinus assemblage is common in Murghabian.

(5) Waagenophyllum was still present in Dzhulfian strata, but coral not on wane.
Their decline was more obvious in Dorashamian limestone where Rugosa was
represented only by rare small solitary corals without dissepiments. The coral

records has showed that the number of species dropped more than during

V//

Midian and Dzhulfian. .

Fontaine, Salayapo ?) study fossil corals, forams and

algae at Khao Tham Yai, N Phetchabun. They reported various

eight horizons containing di of IV urg habian to Upper Midian.
Jirawanwasana ( iéd, Permi: yrals and fusulinids from the eastern area

of Changwat Leoi. The : ‘ A G .~ Protomichelinia (Yabe and

Hayasaka), and fusulinids, ge of Lower Permian.

Madee (1597) studied tgé_éi@ﬁ soralicallected from 3 localities in Changwat

Nakhon Ratcha Sima, Lgp Buri and Lo ei. At B an Hua Krok., A 1) hoe Pakchong, Changwat
N : X

Nakhon Ratcha Sima, he_ide SYa ngla At Khao Wong Chan

Daeng, Amphoe Chi Badan, Changwat Lop Buri, he described a fossil assemblage

consisting corals ijsT i’ aninophyllum sp., and
the fusulinids, naqﬁ do ﬂﬁw ,ﬂﬁﬁz ﬁ indicating Sakmarian
- lower Guadalupian a

ﬁrll ét\%fa [im%mm m IEJorlca\ﬂorals namely,

Pseudozaphento:des mapingense associated with fusulinids, namely, Pseudoschwagerina

sp. and Pseudofusulina sp. which indicating Asselian to Sakmarian age.

Noipow (1999) studied corals found in limestone lens belonging to Pang Asok

Formation (Saraburi Grcup) located in Muak Lek area, Central Thailand. The fossil
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assemblage comprises Multimurinus regularis (Fontaine), Yatsengia sp., Calophyllum sp.,

Lophophyllidium sp. indicating the Roadian (lower of Middle Permian) age.

The massive rugose coral belong to the family Waagenophyllidae and family
Wentzelellidae are most widely distributed in the study area.
In addition, the fasciculate Waagenophyllid and branching tabulate corals are

scatter fcurid in the section D and E.

Accordingly, the fossi ' in three families are studied and

_‘

described in this work. The/e idli tlﬁm

NN
/. ib\ AN
.\\\\\

\\
P s Haime, 1850

I, 1865

F At )
Suborder. Lonsd le Spasskiy, 1974
s :’:5 /.

kart, 1842

Family Waagenophyllidae Wang, 1950 -
LY Y )
Genus Waagenoﬂyllum Hayasaka, 1924 @

Vﬁgﬂoﬂmyﬂ Hﬂﬁ w ﬂqﬂﬁ ........... pl.4, figs.4-6.
T Angge.. ...

Family Wentzelellidae Hudson, 1958

Genus Multimurinus Fontaine, 1967.

®  MUILIMUIINUS SP. <. eeeeeee e e e pl.5, figs.5-8.
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Subclass TABULATA Milne-Edwards et Haime, 1850
Order Auloporida, Sokolov, 1947
Superfamily Auloporicae Milne-Edwards et Haime, 1851

Family Sinoporidae Sololov, 1955

Genus Sinopora Sololov, 1955.

®  Sinopora sp. .............. ' ’I//
Therefore, the corals » he&e characterized by abundant of

L)
Ipcipphyllum sp. and % : \u. - Multimurinus assemblage is
common in the Murgha ‘ \\\ ery widely discovered in the

ur

..................................... pl.4, figs.1-3.

Central Thailand especi ‘ D B \\ a. But in the study area they are
=\

abundantly restricted onl r part ;-‘:r- \ \, B, C and D. The Sinopora sp.

commonly occurred in Pe 994) and Waagenophyllum sp. are

also discover in the Murgha ented higher in Dzhulfian.

This coterie of corals is very-fes
-{;‘J{?‘ iJ T %
Tabong Nak (Fontaine &t 2 ), Khao Som singret al., 1999), Khao Tham Yai

[0 the coral which was reported in Khao

(Fontaine et al., 2002 #;,-1 .g(" honglakmani and Fontaine,

abia UpWordian):
o SURGHENTNEINT
) RATTITE LA TN S B o

study areafinamely, algae, brachiopods, crinoids, and bryozoa, ostracods, gastropods and

1992) which s referred t@‘e age of Late

bivalves. It is interesting to study these faunas in the paleontological issue but the studying

require a really experience inchiding a lot reference.

Accordingly attempts is identifying some faunas which eminently occurred in the

study area such as the algae and giant bivalves.
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3.4.3.1 Algae
The algae were extraordinary discovered in the recent study area. It is quite be
interesting because the algae is well indicating a paleoenvironments especially in the green

algae.

In Thailand, the fossil algae are less studied than other faunas and very few Upper

Endo (1969) describe ’% of Permian algae associated with

fusulinids from Khao Phlon hang Qntral Thailand. The assemblage

consists of coralline algae and

Paleozoic algae were reported.

Fontaine et al., (20028 1mal \ g ossns collected from limestones
of Nan area, northern W .. » geq \\ — d dasycladacean algae, i.e.,
Anthracoporella spectabii S Pid a d Mr&aa /e bl ' pert, which were found in many
localities. | L R
.ni*&?/" %

VT ‘

Fontaine et al., (2002b) s _, eI nas of Khao Tham Yai area, Changwat

Petchabun, northea' i c ated dasycladacean algae,

Anthracoporella specte V' sp. in the upper horizon.

In the p nt otUd area ve abundaif alga sj«: pecially in the section E
and the upper a Aﬂm 5 ﬁ) ﬁrﬁi and hard to identified.
They ceems to be the dasycladaceauf algae belongsgenus Anthraceporella? due to their

oo sply hhon Bl b el b ) comparng i

Genus MIZZIa common algae in Middle Permian of Thailand, which seems to be not

discovered in the study area.

The algae in the Khao Lamphean are well correlated with the algae found in the

lower horizons of Khao Tham Yai (Fontaine et al., 2002)
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INITIAL MICROFACIES AND LITHOSTRATIGRAPHY OF PERMIAN CARBONATE SEDIMENTS
IN THE VICINITY OF KHAO LAMPHEAN, AMPTICE NONG MUANG, CHANGWAT LOPBURI.

Figure 3.15 Other associated fossils. 1-3. Dasycladacean algae, Antracoporella? sp. 4-5. Giant bivalves

Family Alatoconchidae.
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