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ABSTRACT: Geochemical analysis reveals that Middle Triassic radiolarian cherts from northern 

Thailand, including Chiang Dao, Lamphun and Den Chai, are of biogenic origin. These cherts present 

slightly high SiO2 content which was possibly modified by diagenetic alteration and migration processes 

as indicated by negative correlation between SiO2 and most of the other major elements. The relatively 

high content of Cr, Zr, Hf, Rb and Th and high positive correlation of these elements with Al and Ti 

from the majority of cherts suggest a close relation to terrigenous component. The Ce anomaly (Ce/Ce*) 

with geometric means ranging from 0.85 to 0.93 is compatible with that of continental margin composi-

tion (0.67–1.52) from Murray et al. (1990) which is also consistent with low Eu anomalies (Eu/Eu*, 

0.91–0.94). Moreover, the slightly low ratios of La and Ce NASC normalized (Lan/Cen, 0.91–0.94) and 

the low LREE and HREE ratios in most of our samples (Lan/Ybn, 0.62–0.85) are in agreement with the 

continental margin. The result from Lan/Cen vs. Al2O3/(Al2O3+Fe2O3) discrimination diagrams also 
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supports the continental margin (residual basin, 

s. str.) interpretation. These geochemical results 

are compatible with geological evidence, which 

suggest that during the Middle Triassic, radio-

larian cherts were deposited within a deeper 

part of a residual basin in which an accommoda-

tion space was possibly controlled by faults un-

der extensional regime subsequent to Late 

Variscan (Permian) orogeny. Paleogeographi-

cally, the main Paleotethys which closed during 

Late Triassic should be located further to the 

west of these study localities. This scenario is in 
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agreement with the current view of the Tethys in this part of the world. 

KEY WORDS: Triassic, geochemistry, radiolarian chert, depositional environment, northern     

Thailand. 

 

INTRODUCTION 

The occurrences of Middle Triassic radiolarian 

cherts in northern Thailand have been reported for the 

last few decades by several radiolarian workers (e.g., 

Thassanapak et al., 2011, 2007; Feng et al., 2005b, 

2002; Kamata et al., 2002; Caridroit, 1993; Sashida et 

al., 1993). These studies provide critical information 

not only about the stratigraphic position of the se-

quences but also to the geodynamic scenario. In this 

region, the study of Triassic radiolarian cherts is im-

portant since it is related to the final evolution of the 

main Paleotethys. Recently, it has been widely ac-

cepted that the main Paleotethys is situated along the 

Thai-Myanmar border (Ferrari et al., 2008; Ueno, 

2003; Chonglakmani, 2002, 1999; Wang et al., 2001). 

However, due to the lack of index fossils in some 

parts of this region, geological mapping is difficult. 

The ages of some rock sequences were interpreted 

largely by means of lithologic characters and strati-

graphic superposition. Current studies on Triassic ra-

diolarian cherts, which mostly present a close relation 

to clastic sequences, are important for age revision. 

Geochemical composition of cherts in this region, 

however, is still poorly known. In order to have a bet-

ter understanding of the depositional environment of 

the Middle Triassic radiolarian cherts, geochemical 

analysis of major, trace and rare earth elements was 

carried out. Selected sections of Middle Triassic ra-

diolarian cherts and siliceous rocks from the central 

part of northern Thailand were investigated. The re-

sults from this study could enable a comparison of the 

geochemical compositions of siliceous rocks and their 

paleogeographic position between this study area and 

others areas in the eastern part of Paleotethys. 

 

GEOLOGICAL SETTING 

The Triassic sedimentary sequences in Thailand 

consist of four main facies, including the continental, 

continental platform, marine associated with volcanic, 

and deep marine facies (Chonglakmani, 2002). The 

continental facies is extensively exposed in the Indo-

china block which is located to the east of 

Nan-Uttaradit suture and the rest are observed in the 

Shan-Thai block which is situated to the west of the 

suture. All of our study sections are from Middle Tri-

assic chert and siliceous rock sequences, observed in 

the Shan-Thai block in the vicinity of Chiang Dao, 

Lamphun and Den Chai (Fig. 1). The Chiang Dao area 

is located to the north of Chiang Mai, northern Thai-

land. This area is occupied mainly by Carboniferous 

clastic sequences. Middle Triassic granite and grano-

diorite were unearthed mainly in the west and the 

south of the area. Permian limestones were exposed to 

the south and the north of this area (Hess and Koch, 

1979). Deep sea deposits were reported in the north of 

Chiang Dao, known as “Fang Chert”, which range 

from Devonian to Middle Triassic (Caridroit, 1993; 

Sashida et al., 1993; Jaeger et al., 1969). Lamphun is 

located close to the southern portion of the Cenozoic 

Chiang Mai basin. This area consists mainly of Car-

boniferous and Permian strata exposed to the west of 

the Mae Tha fault. The Carboniferous strata consist of 

greywackes, arkosic protoquartzites and orthoquartz-

ites, quartzites and shales. The Lower Permian is 

composed of phyllites, sandstones, schists, siltstones, 

quartzites, quartzitic schists, agglomerates and tuffs. 

The Middle Permian consists of massive limestones, 

calcareous shales and sandstones. There are outcrops 

of Silurian–Devonian metamorphic rocks and Triassic 

granite to the east of the fault. Quaternary sediment is 

deposited in the basin and in the valley along the fault 

(Charoenprawat et al., 1994). Den Chai is located at 

the southern edge of the Cenozoic Phrae basin. This 

area is covered mainly by Triassic rocks and Pleisto-

cene basalts (Geological Survey Division, 1999). The 

Triassic rocks consist of the Pha Daeng Formation of 

the Lampang Group. The rocks are characterized 

mainly by sandstones, siltstone and shales with 

Bouma sequences which were interpreted as shallow 

marine and fan-delta facies deposited on the exten-

sional forearc basin (Chaodumrong and Burret, 1997). 

However, these flysch-like strata could be a conse-

quence of sediment deposited on a rapidly subsiding 

area of epicontinental setting (intramontane basins) 
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(Helmcke, 1994). Bivalves including Halobia sp., 

Palaeocardita sp., and Posidonia sp. indicate a Late 

Triassic date for the formation (Meesook et al., 2002; 

Chonglakmani and Grant-Mackie, 1993). 

 

DESCRIPTION OF STUDY SECTIONS 

The Chiang Dao Section is located in the area of 

Ban Nawai north of Chiang Dao District, Chiang Mai 

Province. This road-cut section is characterized by a 

folded chert sequence exposed on the western part of 

Highway 1322 at 1.5 km. This sequence is approxi-

mately 9 m thick, underlain by sandstone and overlain 

by mudstone strata (Fig. 1). The bedded cherts are 

mostly light brown and grey in color with a bed 

thickness of 3–10 cm, and commonly observed with 

claystone parting and siliceous shale intercalation. The 

age of the section determined from radiolarians is re-

stricted to Middle Triassic (Thassanapak et al., 2011). 

The Lamphun Section is exposed by a road cut and is 

located to the east of Highway 11 at 59.2 km within 

the area of Ban Cham Bon Village, Muang District, 

Lamphun Province. The outcrop is characterized by a 

folded chert sequence embedded in a light-brown 

mudstone sequence, of which is difficult to estimate 

the total thickness. The cherts are brown and light 

grey with bed thicknesses ranging between 5 and 10 

cm and commonly found with a shale parting. Radio-

larians are poorly preserved due to highly recrystalli-

zation which makes them difficult to identify in detail; 

although thin-sections of the rock samples show high 

abundances of radiolarian tests. However, some char-

acteristics of these faunas are present and can be de-

termined as Triassocampe sp., Eptingium sp. and Ar-

chaeocenosphaera sp.. These radiolarians are com-

mon in the Middle Triassic time period so the section 

can be assigned to this age (Feng et al., 2002). The 

Den Chai locality is covered mainly by Triassic clastic 

rocks with some Pleistocene basalts (Geological Sur-

vey Division, 1999). The studied section was observed 

at 88 km of Highway 101 in the area of Den Chai Dis-

trict, Phrae Province. This section consists of chert 

and siliceous shale beds with claystone partings un-

derlain by mudstones and shales while being uncon-

formably overlain by basalts. Due to an intensely- 

folded sequence, total thickness is difficult to deter-

mine but thickness of the studied section is approxi-

mately 3 m. These cherts and siliceous shales are ma-

roon in color with the bed between 1.5 and 8 cm thick. 

The radiolarians show that the age of this sequence is 

Middle Triassic (Thassanapak et al., 2007).  

 

MATERIALS AND METHODS 

Middle Triassic radiolarian cherts from Chiang 

Dao, Lamphun and Den Chai were subjected to geo-

chemical analysis. It consisted of quantitative dis-

crimination of major elements, trace elements and rare 

earth elements (REEs). For sample preparation, five 

samples from each section were crushed into small 

fragments and then selected by handpicking under a 

microscope to avoid contamination with Fe and Mn 

coatings and calcite veins. Selected sample fragments 

were pulverized in a vibratory cup mill. Concentra-

tions of major elements were analyzed by X-ray fluo-

rescence (XRF) spectrometry technique using Oxford 

ED2000 instrument at Suranaree University of Tech-

nology. REEs as well as trace elements were deter-

mined by inductively coupled plasma-mass spec-

trometry (ICP-MS) technique using Agilent 7500a at 

State Key Laboratory of Geological Processes and 

Mineral Resources, China University of Geosciences, 

Wuhan. Range of detection limit was 0.003 to 0.1 

µg/g for heavier mass elements and 0.01 to 1 µg/g for 

lighter elements. Analytical precision is generally bet-

ter than 5% for REEs and 6% for trace elements. REE 

abundances are normalized to North American Shale 

Composite (NASC) with normalized values as pro-

posed by Gromet et al. (1984). Cerium anomalies 

(Ce/Ce*) were calculated from Ce/Ce*=Cen/(Lan× 

Prn)
1/2 and europium anomalies (Eu/Eu*) were derived 

from Eu/Eu*=Eun/(Smn×Gdn)
1/2 (Taylor and McLen-

nan, 1985). The ratio of HREE relative to LREE is 

presented as a NASC-normalized Lan/Ybn ratio (Chen 

et al., 2006). Depositional setting of cherts is inter-

preted mainly by the Lan/Cen vs. Al2O3/(Al2O3+Fe2O3) 

ratio (Murray, 1994). The origin of cherts is deduced 

from the Fe-Al-Mn diagram in which Fe and Mn 

components represent hydrothermal origin while Al 

indicates terrigenous input (Yamamoto, 1987; Adachi 

et al., 1986). 
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GEOCHEMISTRY 

Major Elements 

The silica content in cherts is relatively high and 

the content in Chiang Dao and Lamphun sections is 

higher than that from Den Chai (Table 1). It varies 

from (81.41–90.69) wt.% and (79.30–93.51) wt.% in 

Chiang Dao and Lamphun samples, respectively. It 

ranges between 68.48 wt.% and 77.50 wt.% in cherts 

from Den Chai. The lowest silica content in the three 

samples, from Den Chai, was observed with an in-

creased phosphorus content ((3.63–5.68) wt.%). Cor-

relation coefficient values (r) of silica with other ma-

jor elements are generally highly negative (Table 2). 

Generally, the Si/(Si+Al+Fe) ratios from our samples 

are high and range between 0.92 and 0.99. The 

Al2O3/(Al2O3+Fe2O3) ratios are intermediate in Den 

Chai (0.45) and high in Chiang Dao and Lamphun 

(0.78 and 0.74, respectively). 

The aluminium content in all samples is rela-

tively high and the highest content was observed in 

Den Chai cherts (4.58 wt.%). In Chiang Dao and 

Lamphun, the content varies from (1.11–3.63) wt.% 

and (0.69–2.40) wt.%, respectively. A highly positive 

correlation between aluminium and titanium, iron, 

manganese, magnesium, calcium and potassium 

(0.91–1.00) was determined for cherts from Chiang 

Dao. Samples from Den Chai exhibit a relatively high 

positive correlation between aluminium and titanium, 

iron, magnesium and phosphorus (0.86–0.97). In sam-

ples from Lamphun, aluminium shows a high positive 

correlation to titanium, magnesium, manganese and 

potassium (0.91–1.00).  

The highest value of TiO2 content was observed 

in Den Chai samples (0.08 wt.% to 0.17 wt.%). The 

titanium content in Chiang Dao and Lamphun was 

found to be between (0.02–0.08) wt.% and (0.01–0.07) 

wt.%, respectively. Correlation coefficient values of 

titanium from Chiang Dao samples are highly positive 

to most of the other elements (0.97–1.00). The situa-

tion in Lamphun is similar to that of Chiang Dao. 

However, Den Chai samples show a positive correla-

tion of titanium to aluminum and iron. 

The potassium content was the highest in cherts 

from Den Chai and varies from 1.07 wt.% to 2.15 

wt.%. Lower content was found in Chiang Dao sam-

ples lying between 0.20 wt.% and 2.20 wt.%. The 

lowest content reported was from Lamphun (0.04 

wt.% to 1.52 wt.%). With the exception of silica and 

sodium, potassium showed a highly positive correla-

tion to most of the elements in Chiang Dao samples 

(0.92–1.00). For Lamphun samples, potassium exhib-

ited a highly positive correlation to titanium, alumin-

ium, magnesium, and calcium (0.93–1.00). However, 

in Den Chai, only sodium showed a relatively highly 

positive correlation to potassium (0.95). 

The iron content was the highest in Den Chai 

samples (3.10 wt.% to 5.78 wt.%). It ranged between 

(0.16–1.42) wt.% and (0.22–0.51) wt.% in Chiang 

Dao and Lamphun, respectively. Iron showed a highly 

positive correlation to most of the elements (0.93–1.00) 

in samples from Chiang Dao. In Lamphun samples, 

iron has a slightly lower positive correlation to tita-

nium (0.82), while a highly positive correlation of iron 

to aluminium titanium, manganese and potassium 

(0.86–0.98) is revealed from Den Chai samples. 

Phosphorous content was observed in only three 

samples from Den Chai, which were between 3.63 

wt.% and 5.68 wt.%. An increased phosphorous con-

tent was compatible with decreased silica content rep-

resented by a highly negative correlation coefficient 

between these elements. By contrast, phosphorous 

showed a moderately to highly positive correlation to 

aluminium, iron, and manganese (0.86–0.88). 

 

Trace Elements 

The majority of the cherts exhibit low trace ele-

ment contents, less than 100 mg/kg (Table 3). How-

ever, most of W and Ba contents from Chiang Dao are 

high, exceeding 100 mg/kg. The highest contents of 

element are shown by Co from Lamphun and Ba from 

Den Chai. In order to reveal a relationship between 

trace and major elements, selected elements were 

subjected to correlation coefficient analysis (Table 2). 

As a result, moderately to highly positive (0.58–0.98) 

correlations between trace elements (Cr, Rb, Zr, Hf 

and Th) and major elements (TiO2, Al2O, MgO, and 

K2O) were registered in samples from the Chiang Dao 

section. While the correlation coefficient values be-

tween Mo, Ni, and Zn and the aforementioned major 

elements are mostly low positive. By contrast, there 

were low correlations (-0.10–0.37) between these 

elements in the Lamphun samples. In Den Chai 
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Table 1  Major element concentrations as weight percentage (wt.%) and major element ratios  

  
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 

Si/ 

(Si+Al+Fe) 

Al/ 

(Al+Fe)

Chiang Dao             

CD3 81.41 0.08 3.63 1.42 0.04 0.06 8.24 0.12 2.23  0.96 0.72 

CD100 89.34 0.02 1.41 0.40 0.01 0.04 4.76 0.04 0.47  0.98 0.78 

CD152 90.69 0.02 1.11 0.16 0.02 0.01 5.00 0.18 0.30  0.99 0.87 

CD274 90.37 0.02 1.23 0.23 0.01  4.06 0.09 0.20  0.99 0.84 

CD314 81.45 0.07 3.61 1.40 0.03 0.07 8.16  2.20  0.96 0.72 

Geomean 86.54 0.03 1.91 0.49 0.02 0.04 5.79 0.09 0.67  0.97 0.78 

Stdv 4.79 0.03 1.30 0.63 0.01 0.03 2.00 0.06 1.04  0.02 0.07 

Lamphun             

LP1 92.16 0.02 0.95 0.45 0.03  2.75 0.05 0.08  0.99 0.68 

LP8 93.51 0.01 0.69 0.24 0.03 0.02 2.65 0.07   0.99 0.74 

LP29 91.32 0.01 0.70 0.31 0.08 0.01 3.14 0.41   0.99 0.69 

LP33 92.52 0.01 0.78 0.22 0.03 0.02 2.89 0.01 0.04  0.99 0.78 

LP37 79.30 0.07 2.40 0.51 0.04 0.08 8.96  1.52  0.97 0.82 

Geomean 89.60 0.02 0.97 0.33 0.04 0.02 3.59 0.06 0.17  0.99 0.74 

Stdv 5.90 0.03 0.73 0.13 0.02 0.03 2.74 0.19 0.84  0.01 0.06 

Den Chai             

DC2 77.50 0.08 2.35 3.10 1.37 0.22 10.66 0.07 1.07  0.95 0.43 

DC10 76.76 0.09 3.50 3.92 1.13 0.29 8.65 0.52 2.11  0.94 0.47 

DC16 71.34 0.11 4.24 4.70 1.22 0.33 8.84 0.52 2.15 3.95 0.93 0.47 

DC20 68.48 0.15 4.58 5.44 1.25 0.35 8.60 0.65 2.10 5.68 0.92 0.46 

DC23 71.93 0.17 4.48 5.78 1.47 0.32 7.51 0.36 1.51 3.63 0.92 0.44 

Geomean 73.12 0.12 3.72 4.48 1.28 0.30 8.80 0.34 1.73 4.33 0.93 0.45 

Stdv 3.82 0.04 0.93 1.10 0.13 0.05 1.14 0.22 0.48 1.10 0.01 0.02 

Geomean. geometric mean; Stdv. standard deviation; Si/(Si+Al+Fe). SiO2/(SiO2+Al2O3+Fe2O3); Al/(Al+Fe). Al2O3/(Al2O3+ 

Fe2O3); Fe2O3. total iron content. 

 

Section, Cr, Zr, Hf, Ni, Cu, and Zn showed moder-

ately to highly positive correlations (0.79–0.99) to the 

major elements, while the others show low positive 

correlations. 

 

Rare Earth Elements 

REE contents from our samples were very low in 

comparison to NASC values (Table 4). The samples 

from Den Chai showed relatively higher REE content 

than those from Chiang Dao and Lamphun. Total REE 

content (ΣREE) from Den Chai ranged between 44.45 

and 84.59 mg/kg, while ΣREE from Chiang Dao and 

Lamphun varied from 15.52 to 73.12 mg/kg and 5.11 

to 25.58mg/kg, respectively. 

The concentration of La was relatively high in 

Den Chai samples, between 7.87 and 15.85 mg/kg. 

The content of this element ranged from 0.89 to 5.47 

mg/kg and 2.65 to 12.52 mg/kg in Lamphun and 

Chiang Dao, respectively. The Ce/Ce* ratios in most 

of the samples were slightly low (Geometric means; 

0.85 to 0.93, also in brackets below). This situation is 

similar to that of Eu/Eu* ratios (0.91 to 0.94). The 

Lan/Cen ratios from all localities were slightly low 

(0.91 to 0.94). The comparison between LREE and 

HREE, represented by Lan/Ybn ratios, was low in most 

of the samples (0.62 to 0.85). The relationship be-

tween LREE and HREE can also be deduced from the 

diagrams of NASC-normalized relative REE abun-

dances (Fig. 2). As a result, REE distribution patterns 

from all sections were slightly flat and exhibited  
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Figure 1. Triassic paleogeographic map (based on Chonglakmani, 1999) showing the studied sections. The 

studied sections comprise Chiang Dao (CD), Lamphun (LP) and Den Chai (DC). 1. Mudstones/shales; 2. 

cherts and siliceous shales; 3. sandstones; 4. Pleistocene basalts; 5. continental platform facies; 6. the ma-

rine associated with volcanic facies; 7. continental facies; 8. deep marine facies; 9. boundary; 10. inferred 

boundary; 11. Nan-Uttaradit suture; 12. study section. 

 

LREE depletion with HREE enrichment. The Ce 

anomalies were obviously low in Lamphun and Den 

Chai, while Eu anomalies were not significant in the 

majority of the samples. 

 

DISCUSSION ON THE ORIGIN AND 

DEPOSITIONAL ENVIRONMENT OF CHERTS 

Geochemistry of radiolarian cherts is an impor-

tant tool to elucidate their depositional environment 

and paleogeography of particular areas or regions. 

However, some of the major elements, including Si, 

Ca, Mn, Mg and P are inappropriate to use because of 

their diagenetic fractionation and migration character-

istics (Halamić et al., 2001). In our study, some of 

geochemical contents and ratios were analyzed in or-

der to discriminate the origin of cherts and their depo-

sitional environment. For the origin of cherts, the ma-

jority of our samples were located in the field of 

non-hydrothermal as shown in the Fe-Al-Mn diagram 

which was developed by Adachi et al. (1986) and 

Yamamoto (1987) (Fig. 3). In addition, the high ratios 

of Si/(Si+Al+Fe) (range between 0.92 and 0.99) are 

compatible with biogenic origin as proposed by 

Rangin et al. (1981). However, highly negative corre-

lations between SiO2 and the majority of the other 

major elements can be explained by dilution process. 

In the depositional environment, Al, Ti, Fe and REEs 

are generally unaffected by diagenetic alteration so 

these elements can be largely used for depositional 

environment implication (Murray et al., 1990). It can 

be suggested that high content of Al, Ti and K is a 

good indicator for clastic or detrital components (ter-

rigenous input), while high Fe content is a good rep-

resentative of hydrothermal influence. The Chiang 

Dao and Lamphun sections showed relatively high Al 

content compared to Fe, which implies that the depo-

sitional environment was closer to the continent than 

the hydrothermal vent system. In contrast, Den Chai 

samples exhibited high Fe content in comparison to Al 

which could indicate hydrothermal influences during 

deposition of the sediments. However, this interpreta-

tion is improbable since high Ce anomalies (from 0.81 

to 0.91) giving indications of high detrital inputs were 

registered on samples from this section. A good cor-

relation between Fe, Al and Ti supports that part of Fe 

was a terrigenous input. In addition, the Ce anomalies 

from all studied sections ranged between 0.74 and 

1.05 and all of them were consistent with those of the 

continental margin (0.67–1.52) from Murray et al. 

(1990). 
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Figure 2. NASC normalized REE distribution dia-

grams of chert samples. 

 

For the trace elements, contents of Ba, Sr, V and 

Co can be altered by diagenetic processes; thus, these 

data should be considered with caution (Murrey, 

1994). The contents of Cr, Zr, Hf , Rb, Th and part of 

V are more applicable for depositional environments 

in which high contents indicate high input of detrital 

and clastic materials (Halamić et al., 2001). However, 

Cr content can be enriched by hydrothermal influence, 

and this element is partly mobile (Kametaka et al., 

2005; Marchig et al., 1982). Our samples showed 

moderate to high contents of the aforementioned ele-

ments, which is in agreement with the continental 

margin origin. Additionally, the majority of these 

elements show a good correlation with Al and Ti, ex-

cept for the samples from Lamphun. For the Lamphun 

case, it indicates that at least part of these trace ele-

ments were derived from a difference source. While 

Cr, Zr, Hf , Rb and Th in Lamphun were mostly in 

good mutual correlation with an exceptional of Cr 

which is probably explained by its partly mobile 

characteristic. 

 

Chiang Dao

Den Chai

Lamphun

Al

Fe

A

B

Mn 

Figure 3. Al-Fe-Mn diagram. Fields of non- 

hydrothermal (A) and hydrothermal (B) are from 

Adachi et al. (1986). 

 

The NASC-normalized REE abundance patterns 

are relatively flat with slight enrichment of HREE in 

comparison with LREE (Lan/Ybn; geometric means 

0.62 to 0.85, also in brackets below) (Fig. 2, Table 4). 

These patterns reveal relatively high terrigenous in-

puts which are closely related to the continental mar-

gin. This interpretation corresponds with the low val-

ues of Eu anomalies which are exhibited in all sec-

tions (Eu/Eu*, 0.91–0.94). Generally, sediments re-

lated to vent fluids are characterized by highly posi-

tive Eu anomalies (German et al., 1990). While nega-

tive Ce anomalies caused by depletion of Ce concen-

tration through the water column indicate the typical 

characters of marine basins (Murray et al., 1990). 

Slightly low Ce anomalies (0.85–0.93) from our stud-

ied samples reveal some connection to marine basins. 

However, these anomalies are not as significantly low 

as observed in open-ocean basins (0.5–0.76 from 

Murray et al., 1991) so our studied sections have more 

connection with the continental margin than the 

open-ocean basins. 
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Figure 4. Lan/Cen vs. Al2O3/(Al2O3+Fe2O3) dis-

crimination diagrams. Fields of all settings are 

from Murray (1994). 

 

The Lan/Cen vs. Al2O3/(Al2O3+Fe2O3) discrimi-

nation diagrams show that the majority of cherts from 

our samples were deposited in the continental margin 

(residual basin, s. str.). However, the samples from 

Den Chai which were distributed outside all fields in 

the diagram are more closely related to the continental 

margin than the others (Fig. 4). This condition can be 

explained by the increased Fe content and low value 

of Lan/Cen ratio. The relatively high Fe content is a 

result of the addition of Fe derived from the continent 

during deposition, which can be explained by a good 

mutual correlation between Fe, Al and Ti as men-

tioned earlier (e.g., Halamić et al., 2001). This inter-

pretation is compatible with geological evidence (e.g., 

Geological Survey Division, 1999; Charoenprawat et 

al., 1994; Hess and Koch, 1979) which indicates a 

close stratigraphic position between radiolarian cherts 

and the clastic sequences in all studied sections. 

However, some parts of these clastic sequences in 

Chiang Dao and Lamphun localities formerly assigned 

to Carboniferous and Permian should be changed to 

Middle Triassic as a consequence of Middle Triassic 

radiolarian occurrences (Thassanapak et al., 2011; 

Feng et al., 2002). Geological and geochemical data 

suggest that during Middle Triassic, radiolarian cherts 

were deposited within deeper part of the residual basin 

in which an accommodation space was possibly con-

trolled by faults (Fig. 5). These data support a Late 

Variscan (Permian) extension of the continental mar-

gin as motioned by Helmcke (1985). The main Paleo-

tethys which were subjected to closures during the 

Late Triassic should be located further to the west of 

these study localities. This scenario is in concordance 

with a current view of the Paleotethys in this region 

(e.g., Ferrari et al., 2008; Ueno, 2003; Chonglakmani, 

2002; Wang et al., 2001; Helmcke, 1994).  

 

CONCLUSION 

The majority of Middle Triassic radiolarian 

cherts from the studied sections in Chiang Dao, Lam-

phun and Den Chai exhibit slightly high SiO2 and they 

are mainly of biogenic origin. This origin is elucidated 

from the Si/(Si+Al+Fe) ratio and the Fe-Al-Mn dia-

gram, which is compatible with low Eu anomalies. 

The silica content from these localities was possibly 

modified by diagenetic dissolution and migration 

processes as a result of a highly negative correlation 

between SiO2 and most of the major elements. The 

Lan/Cen vs. Al2O3/(Al2O3+Fe2O3) diagrams suggest 

that radiolarian cherts from all sections were deposited 

within the continental margin which can be correlated 

to a deeper part of the fault-controlled residual basin. 
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However, the samples from Den Chai were distributed 

outside all fields of the diagram because of relatively 

high Fe content and low Lan/Cen ratios. In this case, 

Fe content is partly derived from the continent which 

is suggested by a highly positive correlation with Al 

and Ti. Moreover, high Ce anomalies from all sections 

support the continental-margin environment of cherts. 

Slight enrichment of HREE compared to LREE from 

REE distribution diagrams (Lan/Ybn (geometric mean 

0.62 to 0.85)) indicates relatively high terrigenous in-

put. Moderate to high contents of Cr, Zr, Hf , Rb and 

Th are also consistent with this interpretation. 

 

 

Figure 5. Depositional setting of Middle Triassic cherts from central part of northern Thailand. 
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