CHAPTER V
GEOCHEMISTRY

Under the present inlvcstigation, additional attempt has been made to determine
the geochemical characteristics of the lithostratigraﬁhic sequences of the Nam Maholan
Formation, and its subdivisions, namely, thé Tham Suae Mop Member, the Ban Nong
Hin Member, and the Phu Pha Khao Member, respectively in an ascending order.
Altogether 41 representative samples have been employed for the geochemical
analyses and the calcite/dolomite ratio throughout the approximately 500 metre-thick
sequences. Besides, 59 representative samples have been used in the stable oxygen

and carbon isotopes study.

For the chemical characteristic determination, fhc-carbonatc rock sambles have -
been analyzed for CaO, MgO, SiO,, Fe,O,, Na,0, MnO, Al,O,, P,0,, and loss on
ignition (LOI) using the atomic absorption spectrophotometry techniques at Analysis
Division, Department of Mineral Resources, Thailand. The calcite/dolomite ratio has
been determined using the X-ray diffractrometry techniques (Tennant and Berger,
1957). The stable oxygen and carbon isotopes study has been carried out at the
central laboratory of Chengdu Institute of Geology and Mineral Resources, Sichuan

Province, People Republic of China.
Geochemical characteristics
Calcium contents

Analytical results of totally 41 carbonate rock samples from a certain degree of
variation in CaO content ranging from 27.11 to 55.23 wt. %, with an average of
45.85 wt. % (Table 5.1). The Tham Suae Mop Member of approximately 50 metres
thick s lithologically characterized as a mixed carbonatc?siliciclastic sequence.

Analytical results of 3 representative limestone samples reveal that CaO content varies



Table 5.1 Chemical composition of carbonate rocks ( wt. % )

of the Nam Maholan Formation (total analyses 41 samples).
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Sampleno  Cao Mgo L e7] Fe203  Na20 K20 MnO A203 P205 Lot Ca/Mg
1 5291 1.18 142 0.17 0005 0056 0.021 0.16 0.0 43.22 45,61
a 5447 053 1.84 0.12 0004 0037 0.016 0.12 001 4296 102.21
6 5468 081 0.22 0.09 0.006 0009 0.011 0.18 0.1 43.85 67.51
8 5113 403 0.17 0.08 0005  0.003 0.009 0.02 0,01 4429 © 1269
1 5257  0.99 327 0.22 0005 0012 0014 0.05 0.01 4244 53.10
13 5372 147 0.44 0.08 0002 0002 0.007 0.05 0.01 4387 36.54
14 5448  0.66 144 0.09 0002  0.003 0.006 0.02 0.01 43,13 82.55
17 3337 1873 0.15 0.15 0004  0.003 0.007 0.03 0.01 4671 1.78
18 5307 253 0.07 0.06 0006 0003 0.005 0.01 0.01 4229 2098
20 5344 154 1.15 0.12 0.01 0.033 0.013 0.12 001 43.58 3470
22 4935 085 9.38 0.21 0004 0095 0.03 0.56 001 39.7 75.92
23 53.99 22 0.38 0.12 0007  0.005 0.006 0.02 0.01 4378 24.54
27 4494 985 0.12 0.16 0.007  0.003 0.012 0.04 0.02 45.28 4,48
30 5293 252 0.01 0.05 0003 0003 0.007 0.0t 0.01 4411 21.00
3 5451 096 0.06 0.06 0005  0.006 0.005 0.02 001 43.88 56.78
33 5397 143 0.33 0.04 0007  0.006 0.004 0.02 0.02 43.78 374
8 5445 08 0.67 0.22 0.011 0.011 0.024 0.16 0.01 4331 90.75
38 52.54 2 1.01 0.15 0005 0005 0.013 004 - 001. 4338 . 2627
39 4498 74 273 0.52 0039 0039 0.084 0.23 0.02 4334 6.34
42 2073 16.14 4.1 0.92 0.168 0,168 0.034 1.51 0.02 43.41 1.84
44 5453 094 0.08 0.05 0.006 0.01 0.003 0.02 0.01 4362 58.01
46 3022 2127 0.19 0.44 0.01 0.018 0.017 0.09 0.03 46.74 142
48 3328 1834 0.42 0.68 0.016 0038 0.029 0.24 0.05 46,06 1.81
49 3421 1844 0.03 0.33 0009 0003 0.012 0.26 0.02 48.78 1.86
50 5226 213 0.22 0.38 0004 0012 0.006 0.18 0.01 43.22 2454
52 3503 1729 0.55 0.1 0.008 0.07 0.015 0.02 0.02 45.78 2,03
54 3256 199 0.6 0.33 0.011 0.018 0.01 0.04 0.12 4627 1.64
56 5257 08 387 0.42 0013  0.0% 0.02 0.51 0.04 41.58 85.71
58 3249 1968 0.15 0.51 0012 0013 0.013 0.03 0.02 46.29 1.65
60 5468 061 1.41 02 0008  0.053 0.007 0.13 0.01 4343 89.64

.82 3447 1848 0:48 0.32 . 001 0.026 0.011 0.14 0.02 45.88 1.88
64 5328 om 2.12 0.31 0.008 0.19 0.02 0.66 0.0§ 42.43 75.04
65 5243 041 37 0.41 0.02 0.2 0.04 09 0.48 4156 127.68
66 3234 189 151 0.67 0,009 0.02 0.02 0.26 004 | 4559 1.7
69 5523 047 0.13 04 0002  0.001 0.002 0.03 001 43.76 11751
4| 523 268 03 0.08 0004  0.002 0.004 0.03 0.01 439 19.51
72 5412 114 0.38 0.11 0005  0.006 0.008 0.05 0.01 4365 4747
75 817 104 30.57 1.29 0.01 0.25 0.03 1.64 0.06 28.95 34,78
76 3398 1783 131 038 0.01 0.06 0.02 0.37 0,07 4591 1.91
87 - 2111 049 48.56 1.34 0.007 0.1 0.02 0.52 0.04 2147 §5.33
80 3296 1899 0.42 0.29 0.006 0.01 0.02 0.04 0.06 466 174

Average 4585  6.74 3.07 0.30 0.01 0.04 0.02 023 . 003 43.15 37.47
Min 2711 041 0.01 0.04 0002 0.0t 0.002 0.01 001 2147 1.42
Max §523 2127 4858 134 0.168 0.25 0.084 1.64 0.48 46.78 127.88
sD 9.93 7.97 8.78 0.31 0.03 0.08 0.01 0.37 2,07 4.49 35.98
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within the range of 52.57 to 54.68 wt. %, with average value of 53.39 wt. %.
(Table 5.2). The Ban Nong Hin Member of totally 200-250 metre~thick is
lithologically characterized by partially dolomitic cherty limestone sequence.
Altogether 6 representative limestone samples show the CaO content in the range of
32.56 to 54.45 wt. % with average of 46.06 wt. % (Table 5.3). Stratigraphically,
the Phu Pha Kao Member is characterized as pure carbonate sequence of 250-300
metres thick. Altogether 32 carbonate rock samples are representing this member. The
CaO contents vary between 27.11 and 55,23 wi. % with the average of 45.11 wt. %
(Table 5.4).

The characteristic of CaO contents of the three members are summarized and

presented in Table 5.5 and Fig, 5.1.
Magnesium contents

The magnesium content, MgO of totally 41 carbonate rock samples shows a
drastic variation between 0.41 and 21.27 wt.% with the average of 6.74 wt. %.
Three rock samples from the Tham Suae Mop Member show values narrowly ranging
from 0.61 to 1.16 wt. % with the average of 0.92 wt. %. The Ban Nong Hin
Member displays a great variation from 0.53 to 19.9 wt. % of MgO contents, and the
average of 6.80 wt. % of totally 6 samples. The succession of the Phu Pha Khao
member exhibits a high degree of variation of MgO contents from 0.41 to 21.27 wt.
% with the average of 7.27 wt. % from 32 carbonate rock'samples (see also Tables
5.1 to 5.4).

The characteristics of MgO contents of these three members are summarized

and presented in Table 5.6 and Fig. 5.1.



Table 5.2 Chemical composition of carbonate rocks ( wt. % )

of the Tham Suae Mop Member.
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Sample no Ca0 Mgo Si02 fa203 Na20 K20 MnO AI203 P20s LOt Ca/Mg
1 5291 116 1.42 047 0005 0058  0.021 016 001 a2 4561
1 5257 099 327 022 0005 0012 0014 005 oM 4244 53.10
60 5468 081 141 02 D008 0053 0007 013 00l 43.43 89.64

Average 5339 092 203 020 0006 004 001 0.11 0.01 4293 6278
Min 5257 061 141 017 0005 001 0.01 005 0.0 42.44 45,61
Max 5468 1.6 327 022 0008 006 0.02 016 001 4322 89.64
sD 113 028 107 003 0002 002 0.01 006  0.00 0.43 23.56

Total analyses 3 samples
Table 5.3 Chemical composition of carbonate rocks ( wt. % )
of the Ban Nong Hin Member.

Sample no Cao MgO Sio2 Fe203 Na20 K20 MnQ A1203 P205 LOI Ca/Mg
4 5417 053 1.84 042 0004 0037 0016 012 001 4296 10221
22 4935 068 9.38 021 0004 0005 0.03 056 o001 3.7 75.92
36 54,45 0.6 0.67 022 0.011 0.011 0.024 0.16 0.01 4331 90.78
48 33.28 18.34 0.42 0.68 0.016 0.038 0.029 0.24 .05 46.06 1.81
54 3286 199 0.6 033 0011 0018 001 0.04 0.2 4627 164
56 5257 08 387 042 0013 00% 002 0.51 0.04 4158 85.71

Average 460633  6.80 2.80 033 001 008 0.02 027 004 4331 56.34

Min 3256 053 ' o.‘42 0.12 0.004 0.0Mm 0.01 0.04 0.0 39.7 1.64
. Max 5445 183 9.38 088 (0016 009 . 003 05 042 4627 102.21
S0 1034 955 348 0.20 000 - 004 0,01 021 0.04 255 44,10

Total analyses 6 samples



~ Table 5.4 Chemical composition of carbonate rocks ( wt. % )

of the Phu Pha Khao Member.
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Sample no Cao MgO Sio2 Fe203 Na20 K20 MnO AI203 P205 Lol Ca/Mg
5] 54.68 0.81 0.22 0.09 0.008 0.008 0.011 0.18 0.01 43.88 67.51
8 §1.13 403 0.17 0.08 0005 0003 0009 002 0.01 44.29 12,69
13 5372 147 0.44 008 0002 0002 0007 005 001 4367 38.54
14 5448 066 1.44 0.09 0002 0003  0.006 0.02 00! 4313 82.55
17 33.37 1873 0.15 015 0004 0003 0007 0.03 001 46,71 178
18 5307 253 0.07 006 0006 0003 0005 0.01 0.01 4229 20.98
20 5344 154 115 0.12 001 0033 0013 0.12 001 4358 34.70
3 §399  22- 038 012 0007 0005  0.006 0.02 00 43.78 24.54
27 4414 985 0.12 046 0007 0003 0012 0.04 002 4528 448
30 5293 282 0.01 005 0003 0003  0.007 0.01 0.01 4411 21.00
31 5451 096 0.06 006 0005 0006  0.005 0.02 0.01 43.88 56.78
3 5397 143 0.33 0.04 0007 . D006 0.004 0.02 0.0) 43.78 ar.74
38 52.54 2 1.01 015 0005 0005 0013 0.04 001 4339 26.27
39 4498 7.1 273 052 0033 0039 0064 023 001 4334 '6.34
42 2973 1614 4.1 092 0168 0168 0034 1.51 001 43.41 1.84
4“4 5453 094 0.08 005 = 0006 001 0.003 0.02 0.01 43.62 58.01
6 022 2127 049 0.44 0.01 0018 0017 0.09 0.03 46.74 142
49 M1 1844 003 033 0009 0003 0012 026 0.02 48.78 1.86
50 5226 213 022 038 0004 0012  0.006 0.18 001 4322 24,54
52 3503 1729 055 0.1 0.008 007 0.015 002 * 002 45.78 203
58 3249 1968 0.5 0.51 0012 0013 0013 0.03 0.02 48,29 185
82 3417 1818 048 0.32 001 0026 0011 014 002 4588 1.88
64 5328 0.7 212 0.31 0008 019 0.02 0.86 0.05 4243 75.04
65 §243 041 37 0.41 0.02 02 0.04 049 0.48 4156 127.88
86 3234 188 1.51 067 _ 0009 002 0.02 026 0.04 4559 17
69 $523 047 0.13 01 0.002 " 0001 | 0.002 0.03 001 43.78 117.51
n 523 288 0.3 008 ' 0004 | 0002 0004 0.03 0.01 439 18.51
72 5492 114 0.38 0.1 0.005 0006 0008 0.05 0.0l 4365 a7.47
75 3697 104 30,57 1.29 .01 0.25 0.03 1.84 0.06 28.95 34.78
76 33.98 17.83 1.31 0.36 0.01 006 0.02 0.37 0.07 45,91 1.91
87 2711 049 4856 134 0007 0.1 0.02 052 - 0.4 21.47 55.33
90 3295 1899 042 028 0006 00 0.02 0.04 0.06 486 174

Aversge 4511  7.27 a2 031 0.01 0.04 0.01 024 0.04 43,14 31.56
Min 2211 0.4 0.01 004 0002 0001 0.002 0.01 0.01 21.47 1.42

Max 5523 2127 4858 13¢ 0168 025 0.08¢ 1.64 0.48 46.78 127.88
S0 10.18  7.98 9.86 0.34 0.03 0.07 0.01 0.41 0.08 5.00 3397

Total analyses 32 samples
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Table 5.5 CaO contents of the Nam Maholan Formation and its subdivisions.

Lithostratigraphic CaO content (wt. %) Remarks
unit Range Average

Phu Pha KHao 27.11-55.28 45.11 32 samples
Member

Ban Nong Hin 32.56-54.45 46.08 6 samples
Member

Tham Suae Mop 52.57-54.68 53.39 3 samples
Member

Nam Maholan 27.11-55.23 45.85 41 samples
Formation

Table 5.6 MgO contents of the Nam Maholan Formation and its subdivisions.

Formation

Lithostratigraphic MgO content (wt. %) Remarks
unit Range Average
Phu Pha KHao 0.41~21,27 7.27 32 samples
Member
Ban Nong Hin 0.63-19.9 6.8 6 samples
Member |
Tham Suae Mop 0.61-1.16 0.92 - 3 samples
Member
* Nam Maholan 0.41-21.27 6.74 41 samples
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Other geochemical contents

For the analytical results of SiO,, Fe,0,, Al,Q,, MnO, K,O, and Na,O
contents of the 3 members of the Nam Maholan Formation under the present

investigation, the distribution patterns are as below.

The distribution pattemns of these elemental composition of 3 carbonate rock
samples of the mixed carbonate-siliciclastic sequence of the Tham Suae Mop Member
show relatively low contents with only slightly variation. They are summarized and

presented in Table 5.7 and Fig. 5.1.

For the Ban Nong Hin member, the distribution patterns of these geochemical
contents show the moderately high variation especially in the upper- middle of the
partially dolomitic cherty limestone sequence. As a whole, the average contents of
these geochemical characteristics are relatively modcratély higher than those of the

Tham Suae Mop Member (Table 5.7, Fig. 5.1).

Regarding the Phu Pha Khao Member, the geochemical values of these
elemental compositions show the highly fluctuated patterns throughout the relatively
pure carbonate succession. Besides, the average contents of these elemental
compositions are relatively higher than those of the Ban Nong Hin Member and the
Tham Suae Mop Member, -particularly -the Si0, and -A),O,. Other geochemical
contents, notably, Fe,0,;, MnO, K,O, and Na,O, are on average equal or slightly
varies between the three members (Table 5.7, Fig. 5.1).

Dolomite contents

The calculation of dolomite content in weight per cent is essentially based on
the calcite/dolomite ratios of Tennant and Berger (1975). The overall distribution of
dolomite content of the Nam Maholan Formation of totally over 500 metres thick as

- determined from 41 carbonate rock samples shows a strongly fluctuated pattem (Fig.



Table 5.7 Other geochemical contents of the Nam maholan Formation and its subdivisions.

Lithostratigraphic Sio2 ( wt. %) Fe203 (wt. %) Al203 (wt. %) MnO (wt. % ) K20 (wt. %) Na20 (wt. %) Remarks
units range average range average  range  average range average range average range average
Phu Pha Khao 0.01-48.56 3.22 0.04-1.34 031 001-1.64 024 0002-0064 001 0001-025 004 0002-0.168 001 32 samples
Member

Ban Nong Hin

Member

0.42-9.38 28 0.12-0.68 033 004056 0.27 0.01-0.03 002 00110096 005 0.004-0016 001 6 samples

Tham Suae Mop
Member

1.41-3.27 2.03 0.17-0.22 0.2 0.03-0.16 0.11 0.01-0.02 0.01 001-006 004 0.005-0008 0007 3 samples

Nam Maholan

Formation

0.01-48.56 3.07 0.04-1.34 03 0.01-1.64 023 00020064 0062 0.001-025 004 0002-0.168 001 41 samples

Ztl
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5.1). The dolomite content generally varies between O to over 90 per cent with

average of 28.90 per cent (Table 5.8).

For the Tham Suae Mop member of mixed carbonate-siliciclastic écquénce, no
dolomite is detected in 3 carbonate rock samples. However, for the Ban Nong Hin
Member which overlies the Tham Suae Mop Member, the dolomite contents, as
obtained from 6 samples, varies from O to over 90 per cent with the average of
29.88 per cent. It is noted that the zone of high dolomite content is present in the
upper middle part of the partially dolomitic cherty limestone sequence, whereas the
rest of the sequence is the zone without any dolomite. With respect to the Phu Pha
Khao Member, the distribution pattern of dolomite contents as obtained from 32
samples varies drastically in the range of O to over 90 per cent, with the average of
29.88 per cent throughout the relatively pure carbonate sequence (Table 5.8, Fig.
5.1).

Discussion

It is apparent that the dolomitization is very selective only in the upper middle
part of the Ban Nong Hin Member, whereas the Phu Pha Khao Member has been
variably dolomitized almost throughout the sequence. The cross-plot between dolomite
contents versus MgO contents of the samples obtained from three members have
apparently exhibited the positive linear relationships (Fig. 5.2A). The cross~plot
between calcite/dolomite ratios with MgO contents shows three separated components
of these carbonate rocks (Fig. 5.2B). ’

With respect to the SiO, contents, it is believed that the Si(l)2 contents have
been contributed by the presence of chert, or detrital clay, or both. The cross-plot
between the SiO, and ALO, contents shows all the three possibilities (Fig. 5.3A).
The relat"ionship of calcite/dolomite ratios with Al,O, and SiO, contents (Figs. 5.3B,
C) shows impurity of possibly derived clay and chert. ‘



134

Table 5.8 Dolomite contents of the Nam Maholan Formation

and its subdivisions.

Sample no. Lithostratigraphic Calcite/dolomite Dotomite % Calcite % Remarks
units ratios
6 1000 ¢} 100
8 1.5 40 60
13 49.0 2 - o8
14 100.0 0 100
7 0.2 85 -15
18 24.0 4 98
20 1000 o 100
23 19.0 S 95
27 0.8 56 44
30 2.7 27 73
31 100.0 0 100
33 15.7 6 94
28 19.0 5 95
39 14 42 58
42 Q.1 88 12
44 100.0 0 100
46 0.1 89 1| 32 samples
49 Phu Pha Khao 0.1 9% . 10 Range 0->90
50 Member 32.3 3 97 Average 29.88
52 0.3 79 21
58 100.0 0 100
62 0.1 a9 11
64 100.0 0 100
65 100.0 0 100
66 0.0 100 0
69 100.0 [¢] 100
n 53 16 84
72 100.0 0 100
75 100.0 1] 100
76 0.2 86 14
87 100.0 (] 100
S0 0.2 85 15
4 100.0 0 100
22 100.0 0 100 6 sampiea
36 Ban Nong Hin 100.0 0 100 Range 0->90
48 Member 0.1 88 12 Average 31.30
54 00 100 2}
56 100.0 0 100
1 Tham Suae Mop 100.0 0 100 . 3 samplas
11 Member 100.0 0 100 Range -
80 100.0 0 100
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Stable isotopes

The uses of st.ablc isotopes of oxygen and carbon in fossils and limestone to
access environmental determinations, such as to distinguish between carbonate of
different origins, salinity determination, and palacotemperature diagnos’is, have been
attempted by many workers (Boggs, 1987; Shackleton, 1968; Keith -and Weber,
1964; Clayton and Degens, 1959 etc.). Generally, the applications of stable carbon
and oxygen isotopes investigation to geological problems have been dealt primary with
the paleotemperature and paleosalinity determination (Flugel, 1982; Bowen, 1965;
Urey, 1947). These are based mainly on the premise principle that fresh waters are
depleted in both heavy carbon (*°C) and heavy oxygen (*"O) relative to marine water,
then both values of ' 'C and **0 in fresh water carbonate are conventionally lower than
those of the marine carbonate (Rollinson, 1993; Boggs, 1987; Faure, 1986; Flugel,
1982, etc.). '

. . .. . 18 16 .
The isotopic compositions of oxygen are reported in terms of O/ O ratio

(0'°0) relative to the two standard; the SMOW and PDB. The SMOW (Standard
Mean Ocean Water) was originally hypothetical water sample with oxygen and
~hydrogen isotope ratios similar to those of standard ocean water. The SMOW was
defined by Craig (1961) with reference to a large volume of distilled water that
distributed by the National Bureau of Standard in the United States (Fuare, 1986).
The PDB standard was originally used by Urey and his colleagues at the university of
Chicago for express the isotope composition of oxygen in carbonates, particularly
palacotemperature determinations based on CO, produced from Cretaceous Belemnite
of the Peedee Formation in South Carolina (Rollinson, 1993: Faure, 1986). The
conversion of resulting between the SMOW and PDB values have ‘Becn illustrated by
Friedman and O’Neil (1977) as

18 18
0040w = 1.03086 8'°0,, + 30.86
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The carbon isotope composition of calcium carbonate is subsequently presented
. . ' 13 12 . 13 . .
in term of the relative abundance between "C and "“C ratios (8 C) comparing with

PDB standard as well as of OO values.
Isotopic analysis

The results of carbon and oxygen values are given in the usual per mil
deviation of "0/'°0 and "°C/'C in relative to standard samples. All analyses of the
present study are performed by the geosciencetist staff at laboratory of Chengdu
Institute of Geology and Mineral Resources, Sichuan Province, People Republic of

China.

Four kinds of samples were selected for isotopic analysis. These include

whole-rock, fusulinacean, brachiopod, and dolomite specimens. The isotOpic
standards used in this study are those of China including GBW 04405 (5”C 0.57,
8'°0 -8.49) and GBW 04406 (8'°C -10.85, 8'°0 -12.45). The standard values
in laboratory is 811# '°C -3.33, '°0 ~10.62. Those values of standards are
correlated to PDB.

Isotopic results
Oxygen isotope

Totally 21 isotopic results of the whole rocks analysis (Table 5.9)
representing the stratigraphy of the Nam Maholan Formation in the study area displays
the oxygen isotopic ratios from -9.95 to -4.51 per mil (PDB) with average of -7.5
per mil (PDB). The 2 analytical results of the Tham Suae Mop Member are -5.13
and -7.38 per mil (PDB). The 3 values of the Ban Nong Hin Member are ranging
from ~7.34 to -5.46 per mil (PDB) and also the 16 analytical results from the Phu
Pha Khao Member show the values between -9.95 to ~4.51 per mil (PDB).



Table 5.9 Analytical results for carbon and oxygen isotopes

of the whole-rock analysis in Carboniferous-Permian

limestones of the Nam Maholan Formation.

Sample no. c%o "o%o 'O SMOW%o
1# 413 738 23.25
2 5.01 -6.87 2,78
8 4.52 -8.38 2.2
o 5.19 513 25.57
13 35 -8.36 224
15 1.36 9.4 217
21+ 4.68 -5.46 25.23
2 42 7.8 22.82
28+ 4,38 7.34 23.29
33 499 .5.83 24.85
34 274 -8.13 22.48
36 1.6 -9.07 2151
38 411 -6.60 23.96
52 291 8,19 2.42
53 287 -4.51 26.21
65 012 -9.29 2128
7 3.08 642 24.24
75 3.62 .62 23.00
78 076 82 2241
82 027 2.7 2.9
87 2.08 -9.95 20.60
Average 8.07 -7.51 28.12
Maximum 5.19 451 2621
Minimum -0.76 -9.95 20.60
SD 1.45 1.82 1.88

1# the Tham Suae Mop Member

1 the Phu Pha Khao Member

1* the Ban Nong Hin Member

Total analyses 21 samples

139
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The 16 analytical results of fusulinaceans in carbonate rocks (Table 5.10)
show the isotopic values from ~9.11 to -4.61 per mil (PDB) with average of -7.19
per mil (PDB). The 5 analytical results of the Tham Suae Mop Member exhibit
values from -7.61 to -5.8 per mil (PDB). The Ban Nong Hin Member displays 2
values of the isotope ratios at -8.88 and -6.52 per mil (PDB). The Phu Pha Khao
Member show the isotope values between -9.11 and -4.61 per mil (PDB).

The 13 oxygen isotope ratios of brachiopods ranging from -8.86 to 5.51 per
mil (PDB) with average of -7.18 per mil (PDB) are shown in Table 5.11. The
analysis of 2 samples from the Tham Suae Mop Member shows isotope values at -
5.68 and -5.16 per mil (PDB). The 11 analytical results from the Phu Pha Khao
Member are between -8.86 and -5.34 per mil (PDB).

The 9 dolomite samples (Table 5.12) displays the value of the oxygcn isotope
ratio from -8.41 to -1.02 per mil (PDB) with average of -6.20 per mil (PDB).
The 8 analystical results from the Phu Pha Khao Member show values ranging from -
8.41 to -1.02 per mil (PDB). A sample of dolomite from the Ban Nong Hin
Member displays the value at -1.55 per mil (PDB).

Carbon isotope

A total of 21 whole~rock analytical values (Table 5.9) show the
carbon isotopic values ranging from -0.76 to +5.19 per mil (PDB) with on average
of +3.07 per mil (PDB). The values are +4.13 and +5.19 per mil (PDB) from the
2 analytical I'CSilltS of the Tham Suae Mop Member. The 3 samples of the Ban Nong
Hin Member shows isotope values from +4.38 to +5.01 per mil (PDB), and values
ranging between -0.76 and +5.19 per mil (PDB) are displayed from 16 analyses of
the Phu Pha Khao Member.

Analystical results from 16 fusulinacean samples (Table 5.10) in limestone

displays the carbon isotope values range from -4.02 to +5.71 per mil (PDB) with an
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Table 5.10 Analytical results for carbon and oxygen isotopes
_of fusulinaceans in Carboniferous-Permian

limestones of the Nam Maholan Formation.

Sampie no. l’C %0 u‘O %0 “OSMOW %0
4 -0.42 -8.88 21N
6 402 8.07 22,54
7 4.47 -7.64 22.98
104 4.99 -6.04 24.63
11# 381 -7.61 23.02
20 499 -4.84 25.87
23 51 -4.61 26.11
29 49 -7.85 22,77
50 2.86 -9.11 \ 2147
69 1.26 -8.05 22.56
70 2,63 -8.83 21.76
73 45 -7.74 22.88
83+ 2.98 -6.52 24.14
844 48 -5.8 24.14
85# 351 -7.33 23.30
98# 375 -6.12 24.55
Average 3.87 -7.19 28.40
Maximum 571 -4.61 26.11
Minimum -0.42 9,11 21.47

SD 2.9 2.0 20
1# the Tham Suae Mop Member 1* the Ban Nong Hin Member

1 the Phu Pha Khao Member Total analyses 16 samples



Table 5.11 Analytical resuits for carbon and oxygen isotopes Table 5.12 Analytical results for carbon and oxygen isotopes

of brachiopod from limestones of the Nam Maholan Formation. from dolomite of the Nam Maholan Formation.

Sample no. "Cxo O %o "OSMOW %o Sample no. "C %o "0o%e "OSMOW %o

12¢ 4.08 -5.68 25.00 17 3.52 841 22.19

20 427 16 23.03 42 3.12 -1.02 29,81

35 5.06 -6.05 24.62 46 0.45 6.6 24.06

31 431 84 22.20 19 0.55 -8.27 22.33

4 322 -5.42 25.27 52 291 -8.19 22.42

44 5.64 534 25.36 54% 2.99 -1.55 29.26

51 3.46 -3.14 22.47 62 337 -6.83 23.82

604 5.63 -5.16 25.54 76 178 -7.54 23.09

71 3132 273 21.86 % 4.16 -7.43 23.2

80 3.44 823 22.38 : Average 2.54 .6.20 24.40

86 3.18 £.87 23.78 Maximum 4.16 102 29.81

9 432 -8.36 .73 Minimum 0.45 8.41 2219

9 - 2.66 -8.82 21.77 | , SD 0.45 069 - 0.71
Average 385 .78 23.48 12# the Tham Suac Mop Member 54* Ban Nong Hin Member
Maximum - 5.64 -5.16 25.54 12 the Phu Pha Khao Member Total analyses 9 samples
Minimum an 886 2173

SD 1.00 222 2.29

(A 43

Total analyses 13 samples
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average of +3.67 per mil (PDB). The 5 carbon isotope ratios range from +3.51 to
+4.99 per mil (PDB) represent the Tham Suae Mop Member. The ratios are range
from -0.42 to 2.98 per mil (PDB) from the analyses of the 2 samples of the Ban
Nong Hin Member, and present the isotope ratios between +1.26-aﬁ& +4.99 per mil

(PDB) of the 9 samples from the Phu Pha Khao Member.

For the brachiopod, the carbon isotopic values between —3;22 and +5.64 per
mil (PDB) with an average of +3.55 per mil (PDB) are represented by 13 samples
analyses. The 2 resuits from the Tham Suae Mop Member are +4.08 and +5.63 per
mil (PDB). The 11 analystical results from the Phu Pha Khao Member are between -
3.22 and +5.64 per mil (PDB).

The 9 dolomite samples show the range of carbon isotope between +0,45 and
+4.16 per mil (PDB) with an average of +2.54 per mil (PDB). A sample from the
Ban Nong Hin Member shows the carbon isotope ratio at. 2.99 per mil (PDB). The 8
results of the Phu Pha Khao Member are ranging from +0.45 to +4.16 per mil
(PDB).

Stable isotope interpretation

Various isotopic values suggest a possible differentiated convection system.

Negative values of 80 may suggest to interaction of meteoric water and/or slight

influence of diagenesis, most likely in a bacterial mediated environment in the zone of

'oxygcn reduction, High values of 0"°C in carbonate succession are explained by high
biota productivity in marine depositional basin, regarding to photosynthesis derived

CO, from fauna, such as abundance of algae.

The 8™C values suggested that the carbon forming carbonate was provided by
rcspiratibn of bacterial or organic oxidation rather than those production of tectonic
activity, according to the carbonates forming from CO, have been derived by the

geothermal process must be strongly enriched in € relative to total organic matter in
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sedimentary rocks. These are advocated by 0"C values that display the range between

-14 and -28 per mil (PDB) of cooling lava flow, and geothermal methane have
0"°C value between -20 and -30 per mil on PDB scale (Rollinson, 1993).

Addiﬁonally, 0"C values for such rocks were reported at -36.2 + 6.2 per mil
(PDB) from cap rocks of Salt Dome in the Gulf Coast area of the United States
(Cheney and Jeasen, 1965; 1976), and average value at -22.5 T 4.0 per mil
(PDB) from calcite associated organic material in the uranium deposits of the Win

River Formation in the Gas Hills, Wyoming, USA, and also sulfer-bearing limestone

from Sicily have 0" C at -28.7 % 8.9 per mil on the PDB scale (Faure, 1986).
These indicate that geothermal methane may be ennched amount in C relative to

methane derive from hydrocarbon of biogenic origin.

The fluctuated values of both stable oxygen and carbon isotope ratios of these

carbonate rocks may point to shallow marine origin with fresh-water influx and/or

meteoric water supply during accumulation. Low 0'°0 values in marine water indicate
to a mixed water model (Moor et al., 1988). In addition, traditionally, the isotope
compositions of carbon in carbonate rocks tend to show constancy with geologic ages
(Viezer and Hoefs, 1976; Faure, 1986, etc.) and stable isotope values of both
oxygen and carbon have been shown fairly constant in open ocean environment (Taft,
1967). Consequently, the fluctuation of the isotope values of the carbonate succession
of the Nam Maholan Formation possibly suggests to partly restricted water circulation

of the depositional environment.

Carbonate origin

Marine carbonates are commonly show positive 6o values, -whereas
the non-marine are generally less enrichment 0'°0 values. The carbonate succession
in the study area is considered as a carbonate of marine origin, and displays average
6"0 value at 23.61 per mil with the maximum and the minimum values at 29.81

and 20.60 per mil on SMOW scale, respectively. These analogous to marine
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carbonate that generally illustrates positive 00 values between +20 per mil and +30
per mil relative to SMOW (Faure, 1986). Subsequently, the analytical values of
0'*c (-0.76 to +5.19 with average of +3.07 per mil on PDB scalé) are assigned as
marine limestone values corresponding to values reported by Munnich and Vogel

(1962) and Deggen (1965).

‘The relationship of &'*0 and 6*°C plots of the Nam Maholan isotopic values
(Fig. 5.5) are mostly located in field of limestone and marble of marine origin with

partly performance of oceanic-ridge hydrothermal effect (Fig. 5.6). As shown in Fig.
5.7, the Nam Maholan carbonate Formation displays low negative d"0 values and

positive O"C values which are located in field of shallow marine origin and tend to

fresh water limestone field.
Possible palaeosalinity

In order to determine palaeosalinity, organisms actually indicated
different salinity, particularly in fossiliferous rocks. This feature is generally
supplemented by geochemical criterions, such as the interpretation of boron
content and stable oxygen isotope significant (Flugel, 1982). The boron content
is generally an investigation in palacosalinity determination, but it is not sensitive
to-rapid salinity changes in marine water (Boggs, 1987). Isotopically, the
fractionation of "0 and *°0 during evaporation of surface ocean water is also
used in salinity determination. These premise on the decreasing 8'°0 values with
increasing temperature are based on the -constancy of salinity condition. To
calculation, the equation which proposed by Epstein and Mayedé (1953) with
subsequently modified by Craig and Gordon (1965) have been referred as

5'°0 = -21.2 +0.61 S where S is the salinity in per mil.
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For the calculation of salinity based on the 8'°0 values by equation abqvc,
the Nam Maholan Formation displays the average salinity range between 22.4
and 24.58 per mil with the overall variation values range between 18.44 and
33.08 per mil. These are arrange in normal marine salinity (Flugcl, 1982). The:
illustration of wide variation may suggest contamination of meteoric water that
has been interpreted as occasionally fresh water influx, probably indicating the
very shallow depositional environment beside terrane that could supply abundant
fresh water from the land and/or meteoric in prevailed humid climate condition.
In addition, some palaco-exposures with slightly restricted water circulation is
also considered. The calculated salinity values of each carbonate member indicate
normal marine and display slightly variation of average values from the Tham

Suae Mop Member, the Ban Nong Hin Member, to the Phu Pha Khao Member.
Probable paleotemperature

The accuracy of paleotemperature determination of skeletal calcium
carbonate is limited by several important conditions, such as 1) the 8"°0 value of
carbonate precipitate with surrounding sea water are neighter crystallization nor
diffusion in initial isotope ratios, 2) the calcium carbonate secreted by some
organisms is not in isotopic equilibrium with water, and 3) the effect of the
mineral composition of carbonate on the fractionation of oxygen (Rollinson,

1993; Taft, 1967; Degens, 1965).

In order to calculate the paleotemperature, the equation expressed by
Epstein et al. (1953) and modified by Craig (1965) has been adopted to
determine temperature based on the 8'°0 values of skeletal calcium carbonate

(Faure, 1987). This equation is

£C=16.9 - 4.2 (86c-8w) +0.13 (8 - dw )’
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where 8¢ is the comected 5'°0 of CO, obtained from the carbonate by
reaction with phosphoric acid at 25°C with respect to the mass spectrometer

working standard gas.

The 8w is the corrected 8'°0 of CO, equilibrated isotopically at 25°C
where the carbonate was precipitated measured against the same mass

spectrometer working-standard gas used for the carbonate analysis.

According to the heaviest oxygen isotope ratio, the calculated accumulating
temperatures of the Nam Maholan Formation from whole rocks, fusulinaceans,
and brachiopods, display paleotemperature at 36,56 °C, 36.61 °C, and 42.03
°C, respectively. They may not suggest original temperatures of carbonate
precipitation. However, they probably imply carbonate precipitation under re-

equilibrium condition at relatively elevated temperatures.

‘The dolomite displays 25.64 °C and 21.31 °C of calculated temperatures
of the heaviest isotope ratio from the the Ban Nong Hin and Phu Pha Khao
Members. These values may point to the difference of original stage and re-

equilibrium of dolomitization.
Isotopic values with associated stratigraphy

The varion of oxygen isotope values in sea water where the calcium
carbonate precipitation depends largely on the 8'°0 value of sea water at the site

of deposition (Rollinson, 1993).

The isotopic results of whole rock analysis relationship with stratigraphy
are illustrated in Fig. 5.8. Both oxygen and carbon isotope values display

subsequently decreasing upward stratigraphicallty and fluctuation. The heaviest
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carbon isotope value is identified at the middle part of the Tham Suae Mop
Member and the heaviest value of oxygen isotope is identified at the lower part of
the Phu Pha Khao Member. The isotopic ratios are always shown abundant
declining values near the boundaries of members. The abundant decline abruptly
values are present near the boundary between bottom of the Phu Pha Khao
Member and the top of the Ban Nong Hin member as well as between the bottom

of the Ban Nong Hin and top of the Tham Suae Mop Member.

The heaviest isotopic value of fusulinacean is located at the middle part of
the Phu Pha Khao Member (sample no. 23). The lowest value of carbon isotope
is located at the middle part of the Ban Nong Hin Member, whereas the lowest
oxygen isotope is located at the uppermost part of the Phu Pha Khao Member
(Fig. 5.9). These isotope values tend to decline in an upward sequence with a
wide variation and flucmation. However, located at the lower part of the
formation, the Tham Suae Mop Member displa{ys increasing isotope value to the

top of the member with small fluctuation.

The isotope values of brachiopod shows slightly decreasing values from
the bottom to the top of stratigraphy (Fig. 5.10). The abruptly low anomalous
values of carbon and oxygen isotope ratios are located near the lower boundary of
the Phu Pha Khao Member. The 2 analytical results from the upper part of the

Tham Suae Mop Member shows their trend increasing upward stratigraphically.

The isotope values of dolomite exhibit abruptly low‘ anomalous values
from the top of the Ban Nong Hin Member to the bottom of the Phu Pha Khao
Member (Fig. 5.11). The high anomalous values are illustrated at the middle part
of the Phu Pha Khao Member. These isotope values exhibit tend to decline in an

upward stratigraphic sequence.
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Summary

The palaeoenvironment is displayed by a continuous sequence of carbonate
accumulation in a shallow marine environment. Isotopic results demonstrate .the
average value of oxygen isotope ratios ranging from -7.51 to -6.20 per mil
(PDB) with average of the formation -6.97 per mil (PDB) and carbon isotope
values vary from +2.54 to +3.67 per mil (PDB) with average of +3.20 per mil
(PDB). These indicate the carbonate of marine origin. The calculation of possible
salinity values are between 18.44 and 33.08 per mil. indicating a normal marine
salinity with some brackish water. The declined values in an upward stratigraphy
and fluctuation may be a result of contamination of occasionally fresh-water
influx, regarding to probably palaco-exposure due to regressionv_' and/or slightly
uplifted depositional basin. The oxygen isotope values suggest to precipitatioh of
carbonate under re-equilibrium condition relatively elevated temperature. The
calculated temperatures are mostly above 35°C, although they may not indicate
original accumulating temperature, however, these probably advocate a warm
climatic condition during Late Carboniferous (Gzhelian) to late Early Permian
" (Yahtashian) Period. Additional fluctuation pattern of both oxygen and carbon
isotope values probably indicate partly restricted water circulation of the

depositional environment.
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