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Introduction. 

This  journey in upper S iam,  the geological results of which here are 
presented , was made principally for prospecting purposes, and therefore 
scientific research • could on ly be prosecuted from time to time. B ut, as 
the regi ons I had to pass through were still but l i ttle lmown geologically, 
i t  was my intention from the beginning to try to make observations as 
far as possible from the scientific point of view too. 

The journey into the i nterior of Siam was begun in the new year of 
1912, and the return to Bangkok was accomplished in the May of the 
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same year. An account of the journey itself will be given m another 
paper ; here i t  will suffice to refer to the maps attached. It may be men ­
tioned that the total length of the journey, rai lway journeys excepted, was 
about 2,000 km . ,  mainly through the northern parts of the country. Thus 
I erossed the patch -- blank on almost al l geologi cal maps-- representing 
the land between the Mekong with the French occupations in  the east 
and the drainage area of the Saluen with the British colonies in the west. 
The Malay peninsula, partially Siamese, is better known, and is, as far as 
I know, the chief district su rveyed by Departement of Mines of Bangkok, 
as it is nowadays the only mining district of the country. 

It is hard ly necessary to explain that from such a journey a s  mine 
no complete geological maps can resu lt ,  nor even good summaries with 
positive general conclusions, as the country i s  larger than Great Britai n ,  
and practically no earl ier geological researehes have been undertaken .  
The few contributions t o  a geological map wich are the result  of  my journey 
thus are far from  be ing· su fficient. Moreover, my route was not selected 
in order to get as many geological data as possible, and it was passed 
over rather hasti ly .  B ut as materials that ma y later be of use these obser­
vations may be considered worthy o f  publ ication . Besides, some compa­
risons w ith the surmunding tracts can be made . The igneous rocks, occu­
pying a considerable area , and some of them of a certain fnterest, will 
also be briefly described, as weil as some occurrences of minerals .  With 
regard to the ore deposits, however, i t  may be admitted that neither t ime 
nor money permitted of any very c lose examinations being made. With 
regard to the tectonics dip and strike are almost th e only contributions 
that can be obtained on  such a journey, and they are given in the following 
pages. Finally some notes are added upon the morphological features of 
the country and their history. 

Every geologist ,  vvho has traval ied in  similar wet  tropical regions 
knows how seldom sol id rock i s  exposed, a circumstance always result ing 
in  difficulties, but especially when great areas are rapidly crossed . There­
fore, often only loose boulders can be stuelied in  order to get an idea of 
the geology. In such cases l have naturally pai d attention to such boni­
ders only as can not have been transp01ted from any distance, e .  g. by 
means of r ivers, down mountain slopes etc. As  wil l  be shown in the 
following pages it  is especia l ly i n  the case of the o ften qui te local igneous 
rocks that I have had ··only loose boulders to refer to, thus the nature of 
their mode of occurrence wi l l  be mcre or less questionable .  In real ity 
the exposures of sol id  rock are so infrequent that they seldom afford any 
further information , and as the zones of  contact do not resist erosion wei l, 
they could hardly ever be studied . However, I col lected a great many 
samples of  rocks and minera ls ,  but as smal l  i n  s ize as possi ble, for thcy 
had to be transported for months over rough tracks by the dozen carriers 
composmg my caravan. 
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The dense vegetat ion i s  in every respect a severe obstac le  and sel­
dom permits of any prospect over the landscape. To this is to be added 
the haze which prevails especially in  the dry season , and sometimes quite 
hides mounta ins only a few kilometers away. 

During the whole journey on ly a few fossils were found,  which was 
certain ly due to their scarcity, the older formations ,  moreover, being 
strongly metamorphosed . The presence of fossi l-hearing, easily recognized 
layers of identified age would have been most important for Iinking up  
the scanty observations. But as  i t  was , the thickness of the formations 
and their l im i ts could be only very vague ly estimatecl, but some indica­
t ions  were afforded by information that was available about the neigh­
bouring French and British territories, which are better surveyed.  

The existing maps of  S iam are rather un satisfactory, and the scale 
is on ly I : 2,ooo,ooo. The  names on the last and most complete edit ion1 
are written in  Siamese characters and therefore d i fficult to read, in  certai n 
regions the lack of exactnass and com pleteness is very obvious. A French 
edition 2 on the same scale i s  to some exten t  more complete an d more 
clearly printed,  but i n· some respects it is even worse, especially with refe­
rence to the topography. 3 As i t was printecl in Latin characters, I gene­
rally used the same,  and it may therefore be referred to in  connection 
with the fol lowing  pages . The place-names , b owever, are generally in th is 
paper written d ifferently, as the French language i s  very lit t le  su ited for 
rendering the pronounciation .  

A b b r e v i a t i o ns .  In the fol lowing pages some abbreviations are used , 
in addi t ion to those in general use . They are abbreviations of some 
S iamese w ords, on e or other of  w h ich occurs in nearly every place-name: 

B .  = Ban, means v illage, 
Ch. = Chieng, town ( i n  northern Siam only) , 
M .  = Muang, b igger v i l lage , town, 
N. = Nam , water, river etc. 

Geological investigations along the authors route. 

The Korat railway. 

S e e  map, fig . r. 

This railway from Bangkok, v ia Aythia, to Korat run s  through an 
alluv ia l  pla in to Pak Preo, where the first outposts of the Don Pia Fa i 

1 An official  Siamese map, published in Bangkok 191 r. 
2 I n d o-Chine. Carte de la mission Pa vie .  Edition compleiee par  l e  Ct FRIQUEGt\ON 

en 1902. Pari s  1909. 
3 It is more complete especially as regards the regi ons along the watershe d  between 

the Mek ong and M e n am sy stems. T here ha s be e n  a more or  l es s  cl early expresse d desire 
to ma ke th is the western boun dary of the French colonies . In these better surveyed 
districts  the  top ography i s  ex ceptionally detailed and pa rtly v ery exagg erated. 
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(and Don Pia Jen) range are met with. At this station are situated some 
stone quarries , where a greenish,  sometimes brown ish porphyrite is worked . 
Probably this igneous rock occurs as dykes. A short, microscopical de­
scription is as follows : 

P o r p h y r i t e ,  P a k  P re o. Dark green ish or brownish. Groundmass 
microgran i tic  with d ist inguishable  felspar stripes. Euhedral phenocrysts of 
zonal plagioclases ( andesine in  the centre) , often with enelosmes of matrix. 
Other, chloritized phenocrysts occur more ,.;parsely. Somewhat magnetite . -

From here the l imestone mountains of Pra Bat are seen to the north , 
and at Genkoi one erosses the strike o f  the i r  vertical ly upra ised strata, 
running N.W.- S.E. or N.N. W .-S .S .E.  Not until after Tap Quang has 

Scale 50 kilometers 
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Fig r. M ap and s eetian al ong the K orat railw ay. 

been passed does the railway actually enter the mountains .  In the cul­
tings upraised beds of  marl and slates, i n tercalated by some l imestorre 
banks, are exposed. Towards Hinlap, where some quan·ies and lime­
works are s ituated,  the l imestorre predominates more and more. In one of 

the banks - a l ight-co l oured , i rregularly coarse-grained l imestone, of a 
half-crystal l ine appearance - I found,  on microscop i cal  examination ,  Fusu­
linas together with fragments of Bryozoes and other fossi l s .  This find  i s  
not  without a certain importance, in  a land so poor  in  fossi l s  as Siam seems 
to be, and i t  shows that these mighty l i mestone series are homologous to 
those, known from other parts o f  Further Ind ia  a s  being  of  Permo-Car­
banian age. 

The l imestone i s  generally grayish and rather compact, and the pres­
sure due  to the strong fol ding has not affected it much, but the shales 
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and slates, that interealate the limestone and sometimes attain conside­
rable thickness, have been much more affected ,  and are often so sqeezed 
and cracked that the real stratification is obliterated . However, they may 
be considered to belong to the same Permo-Carbonian formation and are 
certainly of greater extension than the observations indicate, as they are 
more covered. At Hinlap a newly discovered valuable galena deposit is 
said to exist and it is understood that mining operations are being p lanned 
by a German company. 

Towards Muok Lek similar limestone beds outcrop ,  showing the same 
d ip as has predominated hitherto, viz .  steeply to the W.S .W.-S.W. At 
this s tation they sti l l  occur ,  dipping in the opposite direction. Between 
M uok Lek and Pak Djong Iimestones and siates are passed, here almost 
vertically upraised. At  a stretch are the siates predomining, the stra­
t ification is also locally nearly harizontaL Thereafter the Korat plateau 
is reached with its reddish sandstone series, containing shales o f  similar 
colour or  showing more violet shades, as wel l  as thin conglamerate and 
l imestone beds, a formation, which may be said to be of Triassic age,  
accord ing to investigations i n  the neighbouring colonies.1 

These strata seem to be scarcely d isturbed by tectoni c  movements 
campared to the l imestone series, the last outposts of which were sti l l  
strongly upraised. In some sandstone hil ls towards Chanteuk a gentie 
dip to E.  appears to exist. Not far from here, however, some etittings are 
passed where the layers show a quite harizontal posi tion . 

It is o f  no use to give a detailed report of the observations made 
along the whole route, and here, as many times in  the fol lowing pages, 
i t will suffice to re f er to the sketch -ma ps and accompanying  sections. I t 
may, however, be mentioned that the strike is very irregular - appar­
ently the N.N.W. -S. S.E . direction predominates - ·  hut sometimes the 
E .-W. and other directions appear (Hinlap) .  From Chanteuk I paid a 

visit to the abandoned copper mines, situated a few kilometers south of  
the station. Previously th ey had been warked by one or two Europeen 
companies, evidently without much success , and now they are entirely 
filled with debris and water. Therefore geological investigations were 
hardly to be made, especially as solid rock is not disclo8ed in the vicinity. 
But judging from the appearance of  the soi l ,  the  red Sandstones predo­
minate, transversed by several quartz veins. Amongst the dumps at the 
shaft head ,  there were pieces of a granite and a decomposed ,  green 
minette. 

r. Gran i t e ,  C h a n t e u k . A reddish , medi um-grained, ordinary gra­
nite, consisting chiefly of felspars (c:a 65 °jo), ortbodase and subordinated 
oligoclase; samewhat zonal quartz constitutes c : a  25 °/0 oft he rock. The 

1 I n  DE LAU�AY, La Geolo gi e et les richesses minerale s  de l'Asie, Paris 191 r, a 
good summary o n  the geology of Furth er India is gi ven, and here I refer to thi s  w o rk 
and its bibliogra phy. 
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dark mineral is biotite, chloritized and epidote-changed. Big titanites and, 
here and there ,  magnetites occur. 

2. M i n  e tt e ,  C h a n t e u k. Fine-grained , decomposed. Chloritized 
biotites constitute c:a 50 °jo of the rock, the rest i s  camposed chiefly of  
small felspars. Apatite rather abundant. Pyritegrains and  secondary calcite 
occurs . -

Thus we seem to be in the presence of  a contact d eposit, though 
the ore certainly occurs chicfly in  connection with the quartz veins. As 
these are not normal in such unmetamorphosed sandstones they may have 
a pegmatitic character or, they may in sorne other way be the result of 
eruptive intrusion.  The ore itself was probably chicfly copper-pyrites and 
associated decomposed products ; if minin g ever penetrated the zon e 
of cementation I do not know. It is said that there was a noticeable 
gold percentage. 

Speaking of  mines, i t  may be mentioned that the railway manager, 
Mr. Gross of  Korat, had noticed a considerable magnetic influence near 
thi s mountain range ,  when constructing the railway Iine. 

Proeecding towards Korat, only a monotonous succession of  sand· 
stones is passed and they are nearly horizontally layered. W.  of  Sikin a 
very gentie anticline is perceivable, running about N .-S. East of the 
same station a l imestone bank, intercalated in the sandstones, is m et with , 
appearing as a gentie ridge, which is due to the fact that it is more 
resistant. Here occurs a very solid ,  heavy, red, calcareous sandstone ,  
suitable for building purposes, and a stone quat-ry has recently  been opened 
in it .  From that point to Korat no d isturbance of  the harizontal position 
is to be observed. The marked and abrupt contrast between the tectonics 
o f  the plateau and the mountain range bordering it to the west, is hardly 
to be explained uniess by the assumption of  a discordance between the 
Permo-Carbonian formation and the red sandstone series. The latter do not 
seem to have felt more than some sl ight  fal ding movements. However, 
thi s  unfortunately could not be defin itely ascertained by the rai lway Iine, 
where the contact between the two formations was not visible. 

Besides, such a discordance on the eastern border of  the Korat 
plateau is indicated by the French investigations. In the northern parts 
of Further India, on the contrary, the state of things is different, and 
there the formations are less sharply differentiated and sl ightly folded 
tagether (Luang Prabang) . As wil l  be shown in  a following section the 
northernmost earner of the Korat p lateau is a lso entangled in the folding. 
In relation to the Don Pia Fai range the Korat plateau should then be a 
sunken area. 

About the tectonics of the Don Pia Fai it ought to be briefly men­
tioned , that the strata, which are exclusively, or at !east chiefly, of  Permo­
Carbonian age, are irregularly and  l ightly folded,  the strike on the whole 
running about N.W.-S .E. or  N .N.W.-S.S.E.  The outcropping beds, poor 
in fossils and monotonous, hardly permit of  any tectonic connection .  
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From Korat I undertook an excursion to the south for 60 ki lometers 
over the plateau, pass ing M. Pa (Tong Tcha i ) and Sa Kerat and reaching 
B. Ta P ok (=B.  Hia Ko p?). Here the character of the landscape changes 
and becomes more hil ly, table-mountains of a hundred meters or more in 
height, and bui lt  up enti rely of sandstones, r ise above the plain .  The 
district round about ,  especially to the south,  i s  sti l l  of the same type, as 
far as could be observed from these mountains .  From these observations  
i t  can be concluded that the  mountain range, wh ich is generally indicated 
on the ma ps as bordering the plateau to the south ( « Pnom Dang-relo ) 
has

· 
no  real existence,  bei ng  only a somewhat hil ly l andscape o f  a t able 

character on the margin towarcls the lower p lains in the south . The same 
i s  true of the country further east ,  where the maps are ,  however, more 
correct. Thus GARNIER,1 when travel l ing to the sGuth-west from Oubon , 
encountered the precipitous p lateau margin .  South o f  this Ii ne the same 
sandstones still occur, and i t see m s probable t h at a cl islocat ion r uns t here 
in a W.-E. clirection .  

These sandstoae series, which have a striking reddish colour, proh­
ably represent a Gondwana formation. There are sometimes subordinate 
l imestone beds intercalated , and they get more frequent towards the north . 
According to i nvestigations  made in  connection with some coal and 
lignite cleposits in the French colonies and at Yunnan,  Liassic layers can 
also be incl uded in  the series spoken of,2 but the Korat plateau may be 
considered as Triassic .  Not l ess characteri stic than the colour is that the 
rock is  sa lt-bearing. In the mountains are springs,  the water of which 
o ften contains a very high percentage of  salt ,  from which i t  may be con­
cludecl the existence of salt beds. On the plain the occu rrence of efflor­
escences is  common in the dry season , giving rise to a relative ly import­
ant industry for the n atives. In the rainy season the same areas are said 
to give goocl rice crops. 

No coal beds are lmown to exist in the western part of  the Korat 
p lateau, though i t  is said that a 300 m .  deep boring for water has been 
made (but without success) . Th is  fact wi l l  be of assistance i n  est imating of  
the min imum thi ckness of the formation .  Oth er sections hardly occur on 
the plai n ,  because the rivers h ave not cut down i nto the plateau,  the fal l  
of the r iver beds being too slight. 

In Korat I noticed a remarkable grave!, used at some places in the 
town, which contains  a Iot of s i l icified wood-pieces. Such ones are not 
known to occur primary in  the sandstone, and a prel iminary examination , 
kindly made by Dr .  TI-I. G. HALLE of Stockholm ,  showecl that they were 
of Dicotelydones. On  e ma y there fore assume the presence o f  more or less 

1 F. GARNIER, Voyage d'Exploration en Indo-Chine. Paris 1893. 
2 R . ZEILLER, Examen de b Flore fossile de s �CJI1C hes �harbon du Tong-king, Ann. 

d. Mincs 1882 and B ull. So�. Geol.  r882-83, 85-86. 
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local ,  younger deposits on the plateau, though they have not yet been 
observed in situ. Similar occurences most likely of  Tertiary age I met 
with later on in northern Siam. 

The northern railway. 

Only a few observations were made from the train and at the sta­
tions along this l ine .  From its j unctiein with the Korat rai lway at Ban 
Paji to its present terminus ,  Me Puak north of  Outaradit (distance to 
Bangkok 5 27  km.), the Iine passes chiefly over all uvial ground. 

Between Lop Buri and the neighbourhood of  Nakon Savan, where 
the railway runs about zo km. further to the east than the French map 
shows, a Iot of isolated b i l locks and ridges rise above the plain .  Thus 
one ridge about zoo m.  high of  upraised limestone beds is  situated between 
N.  Sai Kao and B .  Me. A similar one is  met with on the western side of 
the Iine at Chong Kae, where great quarries have been opened ; and at 
Banta Klee. The l imestones , st i l l  very folded, strike in a N.- S. or 
perhaps rather in a N.W.-S.E. direction -- the direction cannot be exactly 
determined from the pass ing train. It seems as these l imestone occur­
rences should mark a continuation of  the Don Pia Fai range and the Pra 
Bat mountains, giving a connection (as will be later shown, see p. 1 03 )  
with some mountains along the M e  Ping, towards the great, more gently 
undulating  Permo-Carbonian areas of the Shan states at  the Burma border. 
East of the railway the ruffed contours of the mountain range disappear 
and give place to more level-topped mountains at the horizon . One gets 
the impression of table-mountains, and it seems possible that they repre­
sent  the hilly edge of the Korat plateau, though the maps indicate great 
mountain ranges, j ust as at the Pnom Dang-rek at the southern border 
(see p .  71). 

Just south of the station of Hooa Dong, on the western side of the 
I ine,  quarries have been opened in  some low bil ls ,  consisting of a grey, 
granular, igneons rock, which may be class ified as a quartz-diori te. 

3 ·  Q u a r t z-d i o r i t e ,  Ho o a  D o n g. A rather fine grained, grayish rock, 
camposed to the extent of  a bo ut 60 ° l o of  labradoritic plagioclase , not 
perceivably zonal ,  and is very euhedral , olten surrounded by a zone of 
granophyric intergrown quartz and plagioclase, · the latter orientated in  
conformity with the  b ig  ind ividual enclosed .  Quartz amounts to about 
25 °jo of the rock. Ortbodase is not definitely found. Dralite is the pre­
dominant dark mineral, attain ing a bo ut IO 0/ o; common green bornblende 
also occurs and, sparsely small biotites and magnetite grains. -

North of Outaradit the railway enters a more mountainous landscape. 
First Iimestones are passed, dipping 3 5 ° to vV. At Ton Phung, where the 
most hi l ly part is encountered ,  cutt ings have been made through dif­
ferent limestones, shales and shists, irregularly  dipping to W .  and S .W. , 
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at an angle of 45 °-90° . In the near vicinity of  the Iine may occur an 
p lutanie rock, similar to that of Hooa Dong, used in some parts of the 
Iine for building the embankments. Such rocks as these , showing meta­
morphosed, strongly and i rregularly folded layers of  varying character, 
i ntermixed with a lot of igneous rocks of  different ages ,  are typical of 
extensive districts here up-country, and may represent chicfly pre-Carbo­
nian formations. 

The regions east of Outaradit. 

See map, tig. 2. 

From Outaradit I traveHed along rough tracks - amongst the worst 
I encountered in Siam - to M.  Loye in the east, passi ng Nakonta i  and 
Dansai .  From M.  Loye I made several excursions in the neighbourhood 
and went on to Ch. Kan on the Mekong and from there to Tali. Cross­
ing the southernmost corner of  the Luang Prabang district (French ten·i­
tory) I cam e  down to N. Pat and returned to Outaradit, once more passing 
N.  Pi .  The route is shown on the accompanying  sketch-map (see fig. 2). It 
may be added that the topography, especially along my outward route, 
is much more hil ly than the maps indicate, and offer considerable obstacles 
to travell ing. 

The track from Outaradit, after having left the alluvial p lain , about 
halfway to N .  Pi , erosses steep, upraised layers of metamorphic rocks , 
chloritic and sericit ic shists, partly o f  doubtless igneous origin ,  partly con­
sisting of stil l  recognizable slates. 

4· C h l o r i t i c  s h i s t ,  n e a r  N.  P i .  A highly metamorphic shist, with 
the tuffogene and porphyri t ic  character stil l recogni zable .  Much epidote 
occurs. -

The d ip is steep towards N .W.  but irregular, as the layers are 
strongly folded and wrinkled: Nodules and veins of quartz are frequent , 
and catch the eye, spread out as the pieces are over the weathered ground . 
Such quartz is characteristi c  for the soil of the metamorphic regions ,  and 
thus especially of the p re-Carbonian formations. It is known among the 
natives as » the stone like the ponies' teeth». 

A few ki lometers N.E.  of the vi l lage N. Pi an old i ron mine is situ­
ated ,  widely known in  Siam, as it i s  said to produce the finest iron of 
the country. But now there i s  no longer any work carried on, and it 
seems that there never was mirring on any !arge scale. As i s  general 
among the natives in this country, only loose pieces of ore are dug out 
of shallow pits. Such pits occur over a rather !arge area of  the gently 
undulating ground, covered by dense bamboo jungle, that always con­
stitutes a great obstacle to geological investigations. The pits are only a 
few meters deep and do nöt reach the underlying rock As a curiosity 
i t ma y be mentioned that the same thing happened to me as to \V AR-
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IN G TON SMYTH,l who h ad previously visited this place: the natives refused 
to u nder.take any digging-work Later on I was a l so often met by the 
same refusal. This seerus general ly to be due  to the great superstition 
with which they regard all mining work. Nam Pi  rueans «the water o f  
the spi rits», which may suggest an explanat ion .  

Scale 50 ki/qmeters 
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Fig. 2. Map and s ee tia ns along the authors route ea st of O utara dit. 

Returning to geology, the underlying rocks, to j udge from loose 
stones and an exposure of  sol id rock close by, seem to consist o f  the 
same kind of metamorphic shists as have been ment ioned above. No influ­
ence on the the mirring compass was noted , and 1 could not secure any­
thing but rusty, weathered ore, though heavy black ore was also said to 
occur. 

1 H. W ARINGTON SMYTH, Notes  of  a journey on the upper Mek ong. R oyal Geogr. 
Soc. London r895. 
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The analysis (SKS) 1 of a sample I brought gave : 

Fe - 38,8 %, P -O,o24 %, S - 0,o2 %. 

The quality of the probably underlying ore can not be determined , 
but the low· percentage of phosphorus may be noted. It does not seem 
that we have to do with any kind of  laterite, for the p i eces show d istinct 
jo inting and are of a much more solid constitution than i s  common by 
the ordinary l aterites . 

Ordinary laterites are very frequent i n  the neigbourhood of this place 
as well as in metamorph ic  regions i n  general , mostly appearing in  the 
shape of b locks and crusts attaining up to one meter in thickness . In the 
following pages lateritic soil i s  not mentioned uniess i t  i s  of especial inte­
rest . Many a laterite could perhaps be used as an iron ore but ,  as far as 
I know, they are not worked by the S iamese. 

Between N. Pi and B. Sen Kan other similar shists were passed , 
also reddish shales and various sandstones, not unl ike the Triassi c  of th e 
Korat plateau, were met with . A body of a gran it ic  rock, at ]east one 
k ilomete'r th ick, was intruded among the sediments and formed a marked 
ridge along the direction of strike, N.N.E.-S. S.W. 

5· Qu a r t z-d i o r i t e, E.  o f N a m  P i . A medium-grained ,  brownish rock. 
E uhedral andesines amount to a bo ut  50 ° l o. Quartz ( I  5 ° l o) and ortho­
e lase ( 10 ° l o) appear as an hedra! individuals and patches between the 
plagioclases. Common brown hornblende, often twinned ,  amounting  to about 
JO 0/o (not decomposed as, e. g, the andesines are) , and b iotite (10 °lo) 
are the darke minerals , they are mostly surrounded by chlorit ic zones . 
The  biotite is chloritized and contains epidote. Besides occur  apatite, 
zi rcon and rnagnetite. -

Later on thick greenstone beds were crossed, the banks dipping to 
W.N.W. 

6. P o r p h y r i t i c  r o c k, E .  o f  Na m P i .  In an intersertal groundmass 
of plagiotlases and chloritized minerals !arge, scattered ol igoclase pheno­
crysts occur, and sparse, corroded quartz phenocrysts. Epidote and zoisite 
and small decomposed euhedral grains of titano-magnetite also occur. -

East of B .  Sen Kan the probably Triassic formation is bnce more met 
w i th .  The brick-coloured, sometimes quartzitic and bard sandstones form 
prominant ridges, where tbey o utct·op from the more shaly layers. These 
sandy shales are of a violet or grayish colour and are very sp l intered , the 
i nfluence o f  falding having had more effect on them than on the sand­
stones. The clip is varying between 45° and 60° to W.N.W .  

Here occu r  some eruptive dykes, and also effusive tuffogene beds, 
interealating the sandstones. 

7· P o r p h y r i t i c  b r e c c i a ,  E. of B. S e n  Ka n .  A solliewhat tuffa­
ceous agglomeration of  fragments of porphyri t i c, felsitic and intersertal 

1 The analyses m arked (SKS) are m ad e  at S t a t e ns k e m i sk a  s t a tio n, Ör eb r o. 
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rocks . Fragments or phenocrysts of felspars and quartz, the latter often 
crushed, and further calcedony, pyrite aud t i tano·magnetite .  

8 .  T u f f, E. o f  B .  S e n  Kan .  A black, compact tuffogene rock 
with splinters of  glass. Pieces of fossi l  wood are enclosed, but their na­
ture is not recognizable. Probably this tuff is embedded in the Triassic 
sandstones. 

9· P o r phy r i t i c  r o c k ,  E. o f  B. Se n Ka n .  This rock is of  quite 
the same character as the green porphyritic rock near N. Pi (see 6). 

1 0. P o r p h y r i t i c  r o c k ,  E. o f  B. D o n g. A totally decomposed, 
red,  porphyritic rock. -

On the next day's j ourney a hil ly sandstone landscape was passed .  
The  formation is exactly simi lar to the  Triassic layers of  the  Korat plateau . 
Also some conglamerates and limestone beds occur, but all without fossi ls .  
The layers· are not only characterist ic for thei r co lour ,  but here too they 
are saliferous. The stratification  is not longer as undisturbed as on the 
Korat plateau itself, but over a wide area the very undulat ing fotd ing does 
not exceed a clip of 20,0 except at the western horder, where the same 
layers, as already mentioned ,  seem to be subjected to a stronger folding.  
The strike is in general N.-S. , the gentie clip varying i n  both direction s .  
Already before reaching Nakontai a less disturbed p lateau landscape is  
reached ,  the clips se ldom attain ing as much as 5 ° . Quite table-shaped 
mountains are sighted especially to the south . 

Two days' j ourney, in a d irection N.E. from Nakontai , sparse l ime­
stone boulders were found in some creeks, indicatin g  the presence o f  a 
l imestone bed, probably interealating the· continental deposits. 

At B. P oh Kl u a ( « the vil lage at the salt weil » ) , one day' s journey 
from Dansai, salt wells pour out at the bottom of a narrow valley in the 
sandstone mountains. At the dry season the percentage of  salt attains to 
about  30 °/o. The wel l s  are only  dug down to a depth of a few meters, 
j ust in the river bed . I seems questionable whether real salt beds occur 
in  this formation . The inhabitants o f  B .  Poh Klua live chiefiy on sal t­
boi l i ng ,  and the fini shed commodity is sent by bul lock earavans to consi ­
derable distances. It is said to be sold for c :a 1 sh 6d per 1 00 kg. , and 
is considered to be o f  good quality. 

From other places up:country, too, such salt wells are known in the 
sandstone mountains, e .  g .  i n  the ne ighbouring local ity of Luang Prabang 
(the capita! of the F ren ch Laos sta tes). The small occurrence of  Triassi c 
layers at Luang Prabang is known for the fossil vertebrates, found there, 
and on account of a seetian ha ving been described by CouNILLON. 1 

East of Dansai the landscape keeps the same character for another day' s 
j ourney, viz. more or less table-formed mountains, scarcely higher than 
about 500 .m .  The folding is sti l l  very slight only, and the clip seldom 
exceeds 1 5° , generally running to N.W. One and a half day's j ourney 

. ' CouNILLO:-l: Docum ents pour  servir a l' etude geol. des env. de L ouang Prab ang. 
C ompt.  rend. 1 896, II.  
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before reaching M. Loye I arrived at the foot of  the mountains. There­
after on ly  isolated bills rose above the plain. The conical shape of these 
bi l ls is  rather striking (see fig. 3). Such conically shaped bill s  are frequent 
in Siam, 1 hut I believe especially so in  the neighbourhood of M. Loye 
and Ch. Kan . From here the geology changes, the flat sandstone beds 
disappear and give place to more varied country with folded, partially 
metamorphic layers, intruded by several igneous rocks. At the contact 
of some burnt sandstone and shale beds at the hil l -foot appear granitic 
and porphyritic rocks banked conformingly to the overlying sediments, and 
dipping I 5 ° to N.W. 

rr. Q u a r t z-d i o r i t e . S .W. of  M. L o y e. A medium-grained, gray 
granitic rock, containing 65 °/o of andesines as euhedral i ndividuals ,  em-

Fi g. 3·  Con ical  bi lls on th e M .  L oy e  plain. 

bedded among smaller quartz grains (rS 0jo). Orthoclase seems to be 
absent. Ural itic hornblende is the chief dark mineral (r5 °/o) together 
with some chloritized and epidote-changed biotites. Magnetite occurs 
sparsel y. 

1 2 . P o r p h y r i t i c  r o ck, S . \i\1. o f  M.  L o y e. A strongly decomposed 
rock, with scarcely recognizable felspar phenocrysts in a felsit ic matt·ix .  
Irregular agglomerations of magnetic powder. 

1 3 .  P o r p h y r i t i c  r o c k ,  t h e  sa m e  l o c a l i t y.  Also very decomposed,  
the groundmass micro-granitic ,  phenocrysts of kaolinized felspars and chlo­
ritized bioti tes. Accumulations of magnetitic powder in the m ica, as weil 
as in the fe lspars. -

On the way to M .  Loye I did not pass so l id rock any more ,  but 
the boulders in the creeks showed very varied geological features, thus for 
i n stance, besides a grano-d io rite of the same kind as the last described, 
porphyrites, different shists and Sandstones were observed. 

1 In J.  WATSON, Bui lding Stones, Camb ri dge 1911, are mentioned same conical 
bil ls at P etchab uri (S.W. of B angkok) con si sted of trachytic [ a yas 
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From M. Loye several excursions in  the neighbourhood were under­
taken, first Uang Sa · Pong, 26 km. to the south, was visited, in  order to 
i nspect an iron deposit, known to the natives. On the way to that place 
solid rock was seldom visi ble, and even boul ders were scarce, hut a great 
many of d ifferent rocks were represented among them, such as sandstones, 
i ron-clay-stone, shists, greenstones and a granitic rock, the latter occurr ing 
over a couple of  h i llocks. 

14. G r ano-d i o r i t e  S .  o f  M. L o y e . A medium-gra ined, gray gra­
mtic rock with euhedral plagioclases (45 °/o), ophit i cally i ntergrown in  
patches of  ortbodase ( 2 5  °/o), mostly perthite-changed The zonal plagio­
clase i s  of an andesine character i n  the centre. Lightly pressed quartz 
(I 5 °/o) appears i n  small, anhedral i ndividuals. Common green hornblende 
and some chlori tized biotites. Big titani tes, z1rcon and a li ttle magneti te 
occur. -

The mines, situatecl about 5 km. N.\N. of the v i l lage, are similar to 
these at N. Pi, only shallow d iggings to get the loose pieces. The ground 
undulates slightly and is covered with a dense growth of bamboo. Pieces 
of  iron ore were comparatively common here among the loose weathering 
products, hut st i l l  not amounting to  more than about 5 °/o, and they 
seldom - exceeded a few ki lograms in we ight .  The n atives said, however, 
tbat there al so existed lumps heavier than they could l i ft. 

A n  average analysis (SKS and Z) : 1 

Fe - 68,s - 69,5 °fo, P- O,o42 °/o, S - O,oo6 °/o, 
thus the rock is a hematite of good quality. 

From other places towards Makeng in the east, 1ron ores were also 
reported . 

The natives col lect pieces for melting, which is done in smal l furnaces , 
about half a meter i n  height, at the v i llage, which is the centre of  a con­
�iderable smitbing industry. But nowadays mining has nearly ceased here 
too, and they use English i ron ,  which can be bought almost everywhere 
in the country from Chinese traders. 

The ore being a hematite, h ardly any campass influence was appreci­
able, and no estimates of  quanti ties can be given.  Among the loose 
stones, occurring tagether with the ore, were noti ced several k inds of  
sandstones and quartzites, shists (often m i caceous) i ron-clay- stones an d 
l imestones, wh ich may serve to give an idea of  the geo logy. About I 
km. from the mine the next solid rock was observed , a white hal f-cry­
stal l ine l imestone, verti cally upraised and striking E -W. Here, as well 
as at N. Pi, the deposit seems to be enclosed in fol ded and metamorphic 
pre-Carbon ian series, and though igneous rocks occur i n  the v icin i ty, the 
ore is not closely connected with them as any d i rect product of differen­
t iation , hut is more p robably to be considered as a metasomatic or contact 
deposit. 

1 The analyses m arke d  (S K S) are made at S t a t ens k emi s k a  s t a tio n ,  Ör e b r o , 
those marked (Z) are analysed by Aman uens N . VON ZWEJGBERGK, Upsala.  
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The strike observed , running E.-Vv.,  does not noticeably d iverge 
from the fald ing axes observed in the sandstone d i strict in the west. 

Far off to S .S .W. one can from here d i st inguish an isolated mounta in 
of typ ical table -form , recal l ing on th e above descri bed sandstone mountains ,  
and certainly belongi ng  to the  discoi·dant overlyi ng  strata ,  probably it i s  
a remnant of the sandstone di stricts in the west - or perhaps of the 
proper  Korat plateau .  It would have been of  interest to know i f  such was 
the case , an d i f  the sandstorre cou ld  be proved to  rest direct ly on pre­
Carbon ian strata .  A discordance between the Permo-Carbonian and Tr i ass ic  
would then be shown in  these regions too ,  because the folded pre Carbonian  
o f  the  north-west part of the  M .  Loye p la in  is directly overlayered by undis­
turbed Permo- Carbonian l imestone beds , as wil l be shown below. Here in the 
south and west on the  contrary, i t  seems as if the Triassic rested direct ly 
on the folded substratum. I f  the flat-lying sandstonc d i stricts in  the west 
are subsicled in  relation to the M.  Loye pla in ,  with its o lder  formation < ,  
one can hardly imagine that the mighty, possibly underlying l imeston e  
beds should quite escape observati on ; samewhere i t ought t o  be observed 
outcropp i ng. About such a pre -Triassi c discordance, it may be mentioned  
that i t  i s  reported to be absent further to  the  north a t  Luang Prabang, 
bu t the re the facies of  the Tr iassic i s  different .  A t U an g Sa P o ng the 
natives spoke of l imestune bills i n  the neighbourhood, but the age i s  
dubious a s  considerable l imestone beds also occur  in t h e  pre-Carbon ian 
series. One can generally re ly on  statements about  l imestones, made by 
the natives, as they need the l ime by the betel-chewing, and also as there 
often are caves in the l imestone mountains, contain i n g  depos i ts ,  from which 
is  extracted the saltpetre they use for m aking gun - powder .  Later on I 
got an  opportunity of  visiti ng  such a l imestone cave .  

When back in M .  Loye, I started for the smal l  h i l l -vi l l age of B .  

Hoei Tat ,  s itu ated about 40 km.  to the not·th-east. The track runs over 
different sandstones, quartzites and shales, d ipp ing steeply to N.E.  Two 
t imes l imestone beds ,  less than 1 00 m. in thickness, were erossed and,  the 
seeond time ,the d ip was in the opposite d i recti o n ,  to S .W. ,  thus mark ing 
an  antic l ine .  Metamorphosis was hardly perce ivable here,  and  at some 
p laces I observed smal l  earbon fragments in the sandstone,  apparently 
burned wood .  At one p l ace in the ! imestone also there were, at the wea, 
thered surface ,  some traces of  fossils distinguishable, Jooking l ike G astro­
podes or Goni atite s .  

C lose by ,  to  the  east , a thick limestone series i s  bui l d ing up a moun­
ta in massive of probably 6--Soo m.  height above the surrounding landscape. 
These mountains are o f  the characterist ic shape of  the Permo- Carbonian, 
mighty l imestune formations ,  with rather  vertical steeps and ragged tops 
(see fig. 4) .  No fossils could be found, and probably  the beds are of  
reef  character ,  being thick and homogeneous,  w i thout d is t i ngu i shable stra­
tification, though the sections are the best poss ib le .  These mounta i ns  
seem to cont inue far towards the east . Campared with the fol ded,  under -
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lying strata these I imestones must lie upon t hem discordanti y ;  if not ,  one 
would very I ikely be right i n  ascribing the underlying sandstones to the 
sa m e  formation ,  as these sandstones and shales are less destroyed than 
generally the pre-Carbonian series .  

One of  the conical tops of  a mountain complex, N .E. of  the village 
of B. Hoei Tat, was ascended in order to visit a mineral deposi t ,  much 
spoken of  among the natives. Just at the top, chicfly i n  the weathering 
products there have been made two diggings, some meters dcep .  One 
o f  the wal ls  is  a sol i d  rock of rusty, coarse-crystall ine quartz . Originally 

Fig.  4. The limestone massive nonh-east of  M. Loye. 

the deposit may have formed  a vein , at !east one meter thick. The mi­
neral now remaining is an earthy, white ,  or sometimes a variegated green­
ish ami reddish substance. The analys i s  (SKS) gives : 

I t see m s to be a ferri-arsenate (pharmaco-siderite ?) still Gontain ing a 
little arsenic-pyrite. Traces of Ni and Co are found but not of gold ,  the 
latter, however, hardly being I ikely to occur in the very surface material of 
decomposed ore. The natives melt the ore in small  furnaces, sunk i n  the 
ground .  They fire with charcoal and as blasts they use a sort o f  bamboo 
a i r-pump,  of the same kind as they employ in  i ron meJting and forgin g. They 
knew about the poisonous charader of  the smoke, and cons idered the 
digging work very dangerous. They told me that even the veget ation 
cou ld not th rive in · the near vic inity of  the mine ,  but I found i t  to be 
rather dense. Here too, of course, a great many superstit ions were asso­
c i ated with the mining work ,  whi ch is also considered to be very danger­
ous. Now work had ceased as they could no longer get any buyers for 
the ore. They did not themselves know of any other use for the metaL 
than casting hullets. 
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Formerly people from the south had bought it, for what purpose I 
could not ascertain, but perhaps for making Budda- images. Their alloys 
sometimes contained arsen ic .  A typical alloy from this place was ana lysed. (Z) 
and gave : 

Cu - 93 °/o , As - 7 °jo . 

Not far from the mine in question sandstone is abundant ,  but the 
adj acent boulders are of a quartz-diorite . 

r 5 . Q u a rt z-d i o r i t e , B. H o e i  T a t. A samewhat fine-grained , gray, 
u n p ressed rock, consisting of  a b o  ut 6o 0 l o zonal plagiocl ases (in the centre 
of l abradorite character). Orthoclase ( I  5 ° /o) occurs in anhedra l  patches, 
intersected by the euhedral plagioc lases. Quartz comprises about 20 °/ o .  

The dark minerals are represented by green hornblendes ,  mostly tw ins, in 
t he centre often granophyric intergrown with augite .  A litt le biotite also 
appears showing reddish brown pleochroism.  Magnetite occurs sparsely. -

In a more basic form the p lagioclases are still more predominant, 
and the dark mineral here is chiefly an undecomposed ,  l ight redd ish ,  
short prismatic augite .  

As a matter of  interest i t ma y be mentioned t hat  veins with gold-hearing 
arsenic-pyrite in connection just wi th similar igneous rocks are known 
from Cal i fornia . 1 

At the foot o f  the bi l l ,  sandstones containing shale and limestene 
beds were noticed .  Here a kind of laterite with small hematite layers occurs, 
which was collected and melted for making bul lets. Its composition is (SKS) : 

Fe -- 42 °/o , Mn - I 5 , 7  o;o . 

As an i ron ore it cannot be  of any value ,  owing to the small quau­
tities in which it occurs .  But the desposit can be noted as being of a 
certain interest in showing a k ind of manganese-laterite .  The manganese 
o res o f  the same nature, worked in  India, contain about the dou ble per­
centage of  Mn. 

Not far from the vil lage to the S.W. was once a capper mine, but 
it could not be  located .  Near the same place the natives collected another 
l aterite containing a rather high percentage of  iron, 5 3 ,2 °/o (SKS), and 
of a more campact appearance than the usual sort . Here and there i t  also 
contains seams o f  a glistening hematite. 

The district of M. Loye seems to be rather rich in minerals ,  certainly 
thanks to the varied , metamorphic gro und, richly intruded by igneous rocks. 
The natives also kept their mines Less secret than was generally the case.  
A Iot of  deposits I should have l iked to visit and perhaps examine more 
closely, but I bad a\ready stayed for a week in this place, and was 
running short of  provisions ,  which were scarcely obtainable, as there had 

1 W. LINDGREN : The auriferous veins of  Meadow Lake, California. Amer. Journ . 
1 89 3  XL VI, 20 1 .  

Bull. of GeOl. I9IJ. 6 
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been three years of  dearth and nearly a famine .  Thus I could only spend 
two days more in  visiting some o f  the gold-wash ing places, o f  which there 
are many along the river Nam Loye and its tributaries. Some years ago 
work was said to be in progress at  19 different places. 

Before describ ing the gold-gravels, I may mention some ore deposits 
reported from the d i strict .  Thus one copper mine, now abandoned,  is 
situated a few km . south of  the town. Judging from descriptions i t  may 
have been a cuprite ore. Lead,  silver, tin and iron also occur i n  the vic i ­
n i ty. There were a n umber of  i ron mines ; one  o f  them situated about 3 
km. S.E. of the town, I visited .  On a small hil lock on the  p l ain loose 
pieces we re pi c ked up. The o re is a hematite of  a good qual i ty (SKS) : 

Fe - 67 . 5  °/o, P - O,or r 0/o, S - O,or g 0/o. 

Among the places yielding gold some small creeks in the mounta ins 
are rumoured to be the best. Two such places I had passed when going 
to B. Hoei Tat ,  and  found  that they were only small patches of  recen t 
grave!. Work is only carried on here in the wet season, as water is  
lacldng in the dry season .  

In N.  Loye itsel f i t  is more or less  cemented conglamerates and 
shales that afford the real gold-bearing materi al. This washed out a seeond 
t ime by the river gives a thin , superficial ,  sandy layer, o f  course espec i ­
al ly ri ch, and the  washing is  often confined to j ust such layers. 

As the gold-bearing formation is not very strongly cemented and has 
a quite harizon tal position,  i t  must be rather young, probably Terti ary.  
In two places I found p ieces of si l ic ified wood amon g the pebbles in  th e 
conglomerate, and Dr.  TH. HALLE recognized one of  them as a Dicoty­
ledone - the other fragment was a Con i fere and thus of  less value for 
determining the age. However, they do not fix the upwards age o f  the  
conglomerate, where they must be secondarily embedded . Where they 
originate from,  can not be made ou t  as Iong as no younger formations  
than Triassic are  known in th i s  region. 

At B. Kan Pla, north of M. Loye, and B. Na Or further down the 
riv·er ,  such conglomerates appear in a seri es of  lent icular sections ,  cu t  
through by t h e  river, and  i t  seems as  if they represented o ld  river beds. 
In the present river such b ig pebbles do  not occur as in this conglomerate ,  
the current being too gentle. Among the b igger pebbles especially, mostly 
rusty quartz, chert, greenstones a. o. , the sand contains small grains and 
flakes of  gold ,  wh ich by washing can be separated together with pyri te  
and m agnetite. As the gold i s  chiefly con fined to a few, thin l ayers, and 
the gold-bearing areas are perhaps not very great, these deposits hard l  y 
can be ascri bed any val n e  for working on a large scale. As to th e 
washing, the people seem to understand it very weil .  They use 1/2 m. 
wide ,  wooden wash-pans ,  about 5 cm.  deep ,  or a litte more, almost conical  
in shape, and they handie them ski l ful ly. At first the material is roughly 
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washed in  a basket over the pan ,  in order t o  keep ou t  the b igger pebbles. 
Now work has almost ceased, s ince three men were « punished to death » ,  
as they said, by a land-s i ide occurring i n  the river bank a few years a go.  
And as they think more of the « pis » or spi rits than of  money they stopped 
at once. However, according to their statements ,  the wasbing must have 
been a comparatively profitable industry. This fact certainly, as already 
mentioned, depends upon their choising the small , good l ayers only, espe­
cially the upper parts of the  'conglomerates, washed out once more by the 
river. Grains as b ig as rice corns were said to be not uncommon . 

The primary deposit of the gold i s  not  known , but  the district is 
very rich in quartz veins ,  and there seems also to be a Iot  of sulfide ore 
deposits, probably connected with the intruded magmas.  

At B .  Ho Deng , south of M .  Loye,  a bluish clay-sl ate was aur iferous. 
These beds were also horizontally l ayered , and obviously young. 

Scarcely anyth ing was to be seen of the rocks on the plains around 
M. Loye, and also on the way to Ch. Kan in the north the observation s  
were scarce. 

East of B .  Na Or, some limestone rocks are exposed in the r iver bed 
e .  g .  at the gold-wasb i ng  p l ace ,  and may form a connection between the 
pre-Carbon ian  l imestone beds, met with when going to B .  Hoei Tat, and a 
l imestone hi l l  one or two km. vV.S.W. of  B .  Na Or .  The latter, a steep 
crag, rising about zoo m.  above the plai n ,  is of i nterest for its caves, of 
which there are at !east seven in  the vert ical face .  From these caves the 
n at ives get saltpetre for making gun-powder. 

As to the l imestone it may be said that i ts age could not be deter­
mined ,  as I found no fossils, but j udging from the E . -W.-strike i t is 
probable that it represents one of the pre -Carbonian beds .  The dip seems 
to be about 30° to N.  It i s  also not p robable a s imple h i ll only shou ld  
indi cate a n  outcrop of the  mighty Permo- Carbon i an  formation .  

I visited one  of the  ca ves, which was  one  of those reckoned holy 
and decorated with Budda- images, as they often are. But as it was ramified 
and inaccessible, a close examination of  i t  was difficu l t  by the feeble l ight 
of  our torches. The floor was covered with a yellowish , spongy substance , 
originally of about one meter i n  thickness, bu t now most! y carried off for 
saltpetre -boil ing .  According to the statements of  th e n atives , the best 
material was to be collected h igher up on the walls, but I was not able 
to verify thi s .  

A sample was analysed (SKS) and gave : 

Thus it i s  r i ch i n  phosphate, and very probable the l imestone 
itself has metasomatical ly passed over into thi s  materia l  near the  surface. 
No bones or other recogni zable fossils a t  al l  could be found .  Guano seems 
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to be the origin of  this deposit , though nowadays there are no hirds 
l i ving in such caves in thi s country . 1 

Going north from B. N a Or, I on! y passed over comparatively flat 
ground, according to some observations of soli d rock and the great boul­
ders scattered over it , constituted by a graniti c rock. 

r6. G r a n i t e  M.  L o y e- C h. K a n. A medium-gra ined, reddish gra­
nite, o f  a mo re ordinary type. Quartz makes a b out 40 ° l o ;  orthoclase, 
partiall y perthitic ,  45 ° l o, is of ten granophyric intergrown with the quartz. 
Ol igocl ase 5 °/o , biotite and somewhat magnetite. -

The grani te is horizontally banked and younger than the surrounding 
upraised formations. 

Towarcl s Ch. Kan sandstones, striking N.N.E .-S.S .vV. , are passed. 
The  d istrict round Ch. Kan seems to be not less ricb in minerals 

than that of  M. Loye, the geology also being similar .  In S .E .  is sa id to 
be «a whole mountain of  iron ore » .  The same statement is also made by 
vVARINGTON SMYTH, who passed the town when going down the Mekong. 
From a place, two days down-river, I got a sample of  hematite, and from 
about the same place another sample of  specular i ron ,  noticeable for the 
fact that i ts  streak was black and not red. The mineral is an aggregate 
o f  thin flakes, w hi ch are very brittle. The analysis (SKS) gav e :  

Fe - 48, r 0/o, Mn - 6, r 6  °/o . 

From different localities on both s ides of  the river galena was reported, 
but in the samples I got, the percentage of  si lver was very sl ight .  One 
sample gave (SKS) : 

Pb - 86, 1 4  % ,  Ag - O,oq % ,  another sample gave (SKS) : Ag - o ,o2 % .  

I got also a piece of a fahlertz containing mainly su lfides o f  lead, 
arsenic and O,o53 % of  silver (SKS). 

Along the Mekong gold-wasbing was carried on, but the gold had 
to be extracted by mercury. 

On the way to Tali in  S.E. I erossed upraised sandstones and va­
rious s iates and shists. The strike is chicfly N.-S. , the d ip varying, 
sometimes almost vertical . In these younger igneous rocks are intruded .  

17 .  Q u a r t z-d i o r i t e N.E.  o f  T a l i . A medium-grained,  somewhat 
reddish granitic rock, with 40 % of rather basic, euhedral ,  zonal plagio­
clases (andesine in the centre). Smaller, anhedral indiv iduals of  ortbodase 
(20 %) and quartz (25 %) between the plagioclases. Biotite ( r o  %) and a 
few twins of  hornblende, both partly chloritized .  A l i ttle magnetite. -

S .W. o f  the village a washing-place for gold was visited .  Not much 
was to be seen at the place - a small ,  grown-over creek, where work is 

1 My friend Count N.  GYLDENSTOLPE has since c a Jled my attentio n t o  t h e  fact that 
great colonies of  bats often l ive in such caves in Siam . In Mc.  CARTHY (loc. cit. see 
p.  94) I also fo�md a note,  confirming such a s uggestion, h e  sais (p. 1 2) about  a cave o n  
t h e  Malay peni n sula thas it  wa s < ful l  o f  bats,  fro m  t h e  dung of which salp etre w a s  col­
lected . » 
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n o  longer i n  progress. The recent gravels contain mainly quartz and green­
stones .  Just above the washing-place thick beds of  a greenstorre are crop­
p ing out .  

1 8 . P o r p h y r i t e ,  T a l i . An i ntersertal groundmass, chicfly consisted 
of plagioclases. Oli goclase and augite phenocrysts, the latter partly 
ural ite-changed .  Epidote and  cal cite. -

Mines, or properly speaking fairly unknown ore deposits, were reported 
from this d istrict. I got a sample of  a galena ,  poor in  silver (SKS) : 

Pb - 4 3 , 8  % ,  Ag - O,oo9 % .  

For want o f  t ime I h a d  t o  tak e a cross-road from here to N .  Pat 
and Outaradit ,  pass ing the southernmost corner of  the Luang Prabang 
governement (French territory) ,  a mountainous and rough region ,  thinly 
populated . 

First perpendicular sandstone beds , strikin g  N.-S. were crossed . 
The gently undulating landscape, which succeeds, is ,  however, o f  another 
character, constituted of more or less pressed sediments, especi ally sand­
storres with varying clip,  strike about N.-S . ,  but chicfly igneous rocks ,  
evidently forming banks and  dykes of  considerable thickness. Of these , 
comprising granitic rocks, porphyries, porphyrites, tuffs and tuff-·breccias ,  
some specimens  may be described .  

1 9. Q u a r t z - d i o r i t e ,  T a l i-B. N a  H i n . Reddish gray, medium­
grained . Euhedral andesines 45 %, bigger anhedral orthoclase patches 
20 %, quartz 2 5  % .  Biotite a n d  hornblende as dark minerals .  Big tita­
nites, epidote, calcite. 

20. P o rp h y r i t e , T a l i-B. N a  H i n. Chlorit ized groundmass with 
\'arious sized andesine phenocrysts . The latter have enclosures of matrix 
and show jagged outl ines and  growth phenomena .  

2 1 .  P o r p h y r i t i c  r o c k  (t h e  s a m e l o c a l i t y). A somewhat flowed 
agglomeration of  porphyritic fragments, mostly fels i t ic  and with decom­
p osed plagioclases and hornblendes. 

22.  P o r p h y r i t i c or t u ffo g e n e  r o c k  (t h e  s a m e  l o c a l i t y) .  Of 
almost the same character as the above, but perhaps more tuffaceous .  
I t  contains a lso quartz fragments and some pyrite .  

23.  T u ff ,  T a l  i-B. N a H i n . A compact, black rock , microscopically 
showing quartz and felspar fragments and a few bigger felspars of a more 
phenocryst - l ike ;:1ppearance. -

A silver mine , probably galena, was reporled from this tract, and i f  
more thickly populated very probable a number of deposits would be  
kn·own , abundant a s  the eruptive i ntrusions are here. 

One d ay's journey west of  B. Na Hin the character of  the ground 
chariges and the Triassic sandstorre series appear. They continne for the 
whole way to N. Pat, situated on S iamese territory on the Menam plai n .  
The  sandstones and shales are quite s imilar  to  these passed on  the way 
east-ward , 6o -8o km. further to the south . Though this clistance is n o  
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greater, a rather str ik i ng  difference in the tectonics is noted. Here the 
nearly harizontal strati fication i s  replaced by d i sturbed rocks, generally 
with the d i  p very steep, and the strike samewhere a bo ut  N .-S. Same­
t imes the outcropping sandstone banks form sharp r i dges. The dip of 
the layers over this broad distr ict ,  as far as I could observe , was only 
to the west ; and as the thi ckness of  the format ion cannot be so great ,  
this must i nd i cate overturned foldings. However, the rock has undergone 
no percei vable metamorphosis .  It seems as i f  this sandstone landscape is 
to be regarded as the northernmost corner of  the Korat plateau ,  which has 
been seized by the fotding movements .  This is an ind icat ion that we must 
not redcon the tectonics as a criterion o f  the  formations in upper S iam,  
especial ly with regard to the d ist inguishing of  the Tri ass ic series from other 
reddish sandstone formations .  And thus when making geological in vestiga­
t ions in these regions further d ifficulti es  are added to the lack of fossil s .  

At N .  Pat some minera l  deposits were mentioned, but  the statements 
seem to be more than usual ly exaggerated .  One or two day's journey 
from the place a grea t copper deposit was known , and at another place a 
s i lver ore .  Accord ing to the report the copper occurred native in quartz ( ? ) ,  
cover ing an area « one day's journey i n  circumference » .  In connection 
with the· ore a green mineral ( malach i te) was said to occur. These occur­
rences were kept secret, and it was also considered very dangerous to 
have anything to do  with the silver mine. It was not allowed to col lect 
with the hands the p ieces of  ore , that were scattered over the hi l l -s lopes. 
One had therefore to pick them up and carry them home by means of 
split bamboo-sticks. « <f  not, one could not  find the way home . >> 

In some creeks not far from the v i l lage, gold had been washed pre­
v iously, but now work has ceased, s ince the the « pi s  purrished to death 
a whole village of 300 souls » .  

Between N .  Pat and N .  Pi solid rock i s  only seldom to b e  seen, the 
road chicfly passing o ver the flat land along the r iver. Sandstones and 
metamorph ic shists obviously predominate, and they are vertically upraisecl 
or  dip irregularly to N.W.  and are i n tercalated with pressed chloritic 
shists, some of  them recognizable as tuffs and effus ive i gneous rocks. 
Eruptive dykes, however, are also met with, which are less altered .  

24 .  P o rp h y r y ,  N .  P a t-N. Pi . Groundmass felsitic, b ig  phenocrysts 
of broken, l ightly pressed quartz and troubled oligoclases (somewhat zonal) ; 
magnetite. 

2 5 .  P o r p h y r i t i  c b r e c c i a ,  N . P a t-N. P i .  A congl amerate-like 
agglomeration of  rounded fragments of porphyrites and syeni te·porphyries ,  
some with micro-granophyric texture, as wei l  as quartzi tes, in a samewhat 
fluida! matrix .  -

The ground is extremely rich in quartz, spread out in loose pieces 
over the soil .  Half a day's journey before reaching N. Pi the way goes 
over granitic soil , obviously forming a continuation of the quartz- d iorite 
ridge spoken of in the account of the start of  the journey eastwards from 
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N. Pi. Thereafter the rocks get st i l l  more chloritic and micaceous. The 
geology beyond N. Pi has al read y been described in the account of  the 
outward journey. 

M. Pre - Ch. Kong- Ch. Mai-Paknam Po. 

See maps,  fig.  5 a n d  8. 

From Me Puak, the present terminus of the northern railway, the road 
past M. Pre passes over flat country to B .  Rong Kuang, where the moun­
tains begin. From here I ·  started for M. N an, t aking a roundabout way 
via Merem ( Me Song) i n  the north-west, and jo ined the M .  Nan way at 
B. Natan . 

Leav ing B .  Rong Kuang I first passed l imestones, dipping 45 ° to the 
N.E. , thereafter shales and slates, metamortic sedimentary and igneous 
rocks, mica- , chlorite- and sericite-shists, r ich i n  quartz segregations, as 
weil as younger porphyritic rocks. 

26.  P o r p h y ry, B .  R o n g  K u a n g-M e r e m. A gray-green kaolinic 
ro ck with felsitic ground m ass, containing a few ol igoclase phenocrysts and 
fragments of  quartz. 

27. P o rp h y r y, B.  R o n g K u a n g-M e re m ,  a red , felsitic , somewhat 
p ressed rock. Groundmass felsitic or crypto -poikilit ic ,  obviously rich in 
q uartz and with litophyse-like segregations .  At the borders of these, 
euhedral, small albites can be seen. Scatlered big perthitic phenocrysts 
occur. A l i ttle magnetite. -

When going down from Merem to the M .  Nan road, I e rossed a region 
of  similar character again ,  v i z .  igneous rocks , metamorphic layers and a 

rather mighty l imestone series .  The tectonics are very irregular, the strike 
on the whole is N .N .W.-S .S .E . ,  the dip mostly steep ,  as is shown on 
the sketch -map,  where the observations are indicated more in detail (see 
m ap, fig.  s ) . 

As  no  fossils vvere found in  the l imestones, th eir age could not be 
fixed,  and I cannot decide whether they belong to the Permo- Carbonian 
series or are older. As is indicated N .E .  of Outaradit, the post-Triassic 
fotd ing is  rather strong, and intermixed w i th igneous rocks as the strata 
are here, their true nature is hardly recognizable. 

Towards Vieng Sa chicfly sandstone ground is transversed, the layers 
a re brick-colou red and contain redd ish and violet shale banks, thus resemb­
l ing the Triassic formation, as met with before , but stil l the age of these 
strata must be considered doubtfu l . 

Here, as well as later on,  numerous pressed, igneous rocks occur .  
Towards M. Nan the metamorphosis is more pronounced, the shists con­
ta in quartz segregations and are irregularly folded,  with the strike on the 
whole running N.W.-S.E. 
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From M.  N a n  w e  passed over a rough track across the m ountain 
range over to Ch . Moun in the west. Here the sediments are ch icfly 
represented by sandstones, shales ,  and soft clay-slates ; bes ides ,  one or 
two small l imestene beds are i ntercalated. The layers are highly d i s­
turbed,  with the d ip  varying  and the strike N.-S. or N .W.-S .E .  Erup ­
t i ve  dykes and beds o f  porphyries and porphyrites were repeatedly noted ,  
some of them at  !east some hundred meters in thickness. They are of  
the same character microscopically as  those described above, from the  road 
between B. Rong Kuang and Merem (n :o 26 and 27) . A great many of 
these igneous rocks are unpressed and are probably younger than the 
tectonic movements, but there are also a Iot  of  them that are ol der, many 
of  them destroyed past recogn ization by pressure. Towards M .  Souat 
l ight yel lowish, soft ,  clay·slates appear over a considerable area ,  and 
s imilar layers were also met with j ust 'vV .  of M. Nan . The i r  age is un­
known to me, but their young appearance makes i t  very improbable tha t  
the seri es encountered here are all of  pre-Carbonian age. 

From here to Ch. Moun the  red sandstones, with their shales, reap· 
pear, tagether with a number of intruded igneous rocks, some of  them o f  

the same character as those, described above (n : o  26 and 27). 
28. P o r p h y r i t i c  r o c k ,  N. W. o f  M. N a n. Looks green ,  compact 

and fine-grained, microscopically recognizable as a decomposed porphyrit i c  
rock. 

29 . P o r ph y r i t i c  l a v a , N . 'vV. o f  M.  N a n . Red on account of  i ron 
i nfi ltration. Vesides fil led wi th cal cedony and epidote. In the fin i dal 
matrix fragments of  porphyrit ic rocks also occur with phenocrysts of  cor· 
roded plagioclases. 

30. S y e n i t e-p o rp h y r y ,  n e a r  Ch .  K a m. Dark red ,  wi th fe ls i t ic 
or partly crypto-poikil it ic groundmass with trachytoidal felspar stripes. Bigger 
orthoclases as phenocrysts , they are strongly corroded and have ene losmes 
of m atrix .  A few ch lori t ized biotites. Epidote and calc i te decompositions .  -

The strike is now chi cfly N.-- S . ;  for particulars of the cletails observed 
reference may be made to the map (fig. s ) .  

Between Ch .  Moun and Ch.  Kam in the north , solid rock was seen 
on ly in a fe w places, and  are then represented by red sandstones, d ippi n g  
first 6o"' t o  W . ,  a n d  thereafter 50° in  the opposite d i rection. BoLti clers of  
this material are predominant the  whole way. In  parts th i s  rock, also, 
showed the infiuence of  pressure, be ing a l i ttle metamorphosecl ,  with q u art z 

segregations. The way along the Me Ing passes over a plain ,  widen ing 
out to the west, where the h i l l s  were not visible on account of the haze ; 
on the eastern side, however, the mountains, rather high ridges, are near 
at hand, and from here originate the igneous rocks, found as boulders i n  
the creeks. 

Continuing in a northerly d irection ,  about the same geologi cal fea­
tures are sti l l  met with, though there is a l i tt le more variat ion .  And 
towards Ch .  Kong the geology i s  quite similar to  that of  the  stretch 
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between M .  Nan and Ch. Moun , and probably the same layers are conti­
n ued here. There are shales and shists, pressed and unpressed, intrusive 
dykes and beds. Any closer examination o f  the ir  mode of  occurrence 
could not be made, as sol id  rock was still very rare along the track and 
the geology was at most only shown by t he  boulders in  the creek-streams 
from the mountains c lose by in the east .  The strike has about a N.- S .  
d irection , and the clip,  only noted a t  one  p lace ,  was steep t o  W. Some 
of  the igneous rocks, microscopically examin ed,  ma  y be described : 

3 r .  S y e n i t e-p o r p h y ry ,  S. o f  M. T e r n .  A green ,  compact, decom­
posed rock, with trachytoidal ,  felspar-rich matrix .  Big chloritized and 
epidote- changed, plagioclase phenocrysts. Dark minerals decomposed past 
recognization. 

32 .  T u ffog e n e  b r e c c i a ,  n e a r  M .  T e rn .  A half fluida! agglo­
meration of felsitic and trachytoidal porphyrit ic fragments contain ing pla­
gioclase phenocrysts and chlori tized m inerals. 

33- S h i s t o s e ,  p o r p h y r i t i c  r o c k, N. of  M. T e r n .  Matrix showing 
a kataclase texture recal l ing a fluida! structure. Phenocrysts of  plagio­
clases, mostly stretched into p ieces, which, however, still keep there orien­
tation . Kataclastic quartz. Much epidote. 

34· P o rp h y ry ,  N. o f  M .  T e r n . Grayish, with a secondary texture 
Jooking l ike a micrographic  one. Big andesine phenocrysts often with 
enclosures of  matrix. Secondary quartz aggregates, magnetite, epidote . 

3 5 - S y e n i t e-p o r p h y r y ,  n e a r  C h. K o n g. Obviously the same as 
described above from S. of M .  Tern (see 3 1) .  --

Opposite to Ch. Kong, on the other side of  the Mekong, is situated 
B .  Hoei Sai , reputed to be a locality rich in gems, the gravels at  the river 
being sapphire-bearing. In the beginning even rubies were reported to 
have been found, but incorrectly. W ARINGTON SMYTH, who visited the 
place when min ing had been recently started ( 1893) and a Iot of Burmese 
gem searchers had settled dmvn here, prophesied a great future for the 
place.  Now, however, hardly any work at all i s  carried on any longer, 
and i t  is  said that no real ly good stones have ever been found here. 

Most of  the precious stones were got on the left bank of the river ; 
on  the S iamese s ide I was told , no washings had been made .  Also up­
stream, on some of  the small tributaries on the French side, stones had 
been found .  Just at Ch. Kong and for some kilometers up-stream some 
basalt rocks appear, and,  as W ARINGTON SMYTH has already mentioned, 
the sapphires do not occur further up-stream than these rocks. He believes, 
however, that some hi l ls on the left bank are the source of  all the stone­
hearing gravels. These bills « consist of a dark crystall ine rock, the exact 
m ineralogical character of  which has not yet been determined . »  At the 
farnous sapphire mines of Chantaboun in south-eastern Siam , the gem­
hearing grave! i s  found on the surface of  a trap-rock, worn out  of this 
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by natural agencies. 1 At Ch. Kong, where the seeond basalt occurrence 
of Siam is known,  the seeond sapphire deposit also is situated and it seems 
doubtless that here too the source of the storres was the basalt. This is  
so much the more probable . as microscopical examination reveals in  the 
basalt the black spinells which are considered by the Burmese to be 
an unmistakeable indication of  sapphires. I have, however, not been able 
to lay h and upon the sapphires themselves in  this rock. Really orre would 
hardly expect to find sapphires in a basic rock l ike this ,  poor in felspars 
and alumin ium minerals, but corundum is known elsewhere in basalt and 
considered as « Ur-Ausscheidung » .  2 

36 . B a s a l t ,  C h. K o n g. The black groundmass consists chiefly of  
a brownish glass , with smal l  p lagioclase stripes and pyroxenes, as weil as  
o l i vines, partly iddingsite-changed and corroded. Several bigger apatites 
are also found.  Macroscopically d istinguishable fragments of obsid ian ,  
bigger ol iv ines and mil l i meter-big black spinells occur ,  the two l atter may 
be considered as << Ur-Ausscheidungen » as weil as the probably existing 
but unseen sapphires. -

Sapphires are reported also from some other p laces i n  northern Siam , 
e. g. from Vieng Sa (south of M .  Narr), but  no proper workings were ever 
established there ; << however » ,  said the natives, << the last king said it  was a 
good sapphire mountain » .  

From the d i str ict o f  Ch .  Kong, also, some other mineral deposits are 
known. Thus I got samples of an iron ore from a place south of the 
town. The appearance of the pieces shows that the ore consists of flakes 
of specular iron, but it certainly only occurs in small quauti ties i nterm ixed 
with rock. The analysis gave (SKS) : 

Fe - 68,6 % ,  Ti02 -- c :a  I , o % .  

I also got a piece o f  p ure ,  melted tin conta in ing O,oor  % of silver 
(SKS), produced at this place. In former days there is said to have been 
a m ine,  and they gave me a piece of what they considered to be the 
« o  re » .  Though t hat was not tin o re, the meta! m a  y per h a ps occur in  
contact rocks in the  same local ity. Microscopically examirred the  stone 

in question i s  an augite-m inette. 
37· A u g i t-m i n e t t e ,  C h .  K o n g. In an opaque grayish mass (com­

posing about 50 % of  the rock) occur euhedral biotites (3"5 o/, ) ,  small indi­
viduals of  co lourl ess augites and considerable quantities of apatite ( w % ). 
Quartz occurs sparsely as exogene grains ,  but  also as crystall ized ind ivi ­
d uals .  -

In Ch. Kong we procmed dug-out canoes and poled up-stream to 

Ch. Sen , th i s  j ourney now taldng nearly three days at low water. On 

1 According to the contributio n t o  a dis cussion of Mr LoUJ s ,  see W A RIN GTON SMYTH 
l oc .  cit . , appendix,  p .  r o s .  

' A. DANNEBERG: Studien an Einsch!Lissen in d . vulcanisch e n  Gest . d .  S iebengeb.  
Ts chermak's Min. und Petr. Mitt. B. XIV p. 24. Wien 1 89 5 ·  
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account of the difficulties presented by the strong current, landings were 
seldom made. Seen from the boat, nearly all the rocks, black and gl isten­
ing ,  as they are, looked very much the same. In point of  fact they 
repre?ent a varying geology, on which some observations may be given .  

In  the  near proximity to  the town, by the landing-place itself, the 
basalt ,  described above, appears in small ,  isolated knolls of one or two 
hundred m. in d iameter, w ith columnar jointing, often somewhat radial ly 
arranged. They seem to represent young volcanic necks, standing out 
from the surmunding pressed rocks. At one place an irregular, hut more 
bed-formed basalt occurrence was noted . They occur up-stream along the 
r iver for a tenth of  kilometers or more, probably marl< ing a line of dis­
location, running N.-S. 

For the rest the ground is  composed of sediments, strongly folded 
and generally showing irregular clip and secondary jointing, sometimes 
they are also rather metamorphic .  There are sandstones, quartzites, shales 
and l imestones, chlorite· , sericite - ,  and mica-shists, and, besides, recogn izable 
i gneous rocks of different a ges, bu t most of them are seized by the folding 
and more or less metamorphic. The strike on the whole runs N.-S. , 
sometimes with a tendency to N .W.- S.E.  

It  seems as i f  th is  cutting on the Mekong shows a more complete , 
and thus also a more complicated cross- section of the same series of rocks, 
as were passed west of  M. Nan and once more on the approach to Ch . 
Kong from the south (compare p. 89 and 90) . 

With regard to the igneous rocks i t  m ay be noted, that some o f  

them are obviously younger than the folding, while others are  hardly 
recognizable because o f  kataclastic metamorphosis . Among the l atter also 
granitic rocks approaching the andine type are found . Where such rocks 
are to be observed in other places in  Siam , I have found them quite 
undisturbed so that they Jooked very young. They seem for the most 
part to be post-Triassic, and my impression is that they appeared because 
of the post-Triassi c  fold in

.
g movements. If all these granitic rocks of the 

andine type are to be considered as being of the same epoch, the expla ­
nation of their  kataclastic character here on the Mekong may be that the 
post-Tri assic folding has been stronger here than is  generally the case. 

Some specimens of  the igneous rocks ma y be described : 
38 .  H o r n b l e n d e- d i o r i t e , M ek o n g, 1 /2 d a y  N. of Ch .  K o n g . A 

dark greenish, coarse-grai ned rock, very decomposed, plagioclases ( so %) 
and gray-brown hornbiendes (40 % ), smaller, chloritized biotites( ?), apatite, 
magnetite . 

39- K a t a c l a s t i c g r a n i t e ,  1/2 d a y  N. o f  Ch . K o n g. A rather 
coarse-grained , gray rock. . Kataclast i c  quartz composes about so o;. ,  part ly 
myrmekitic. Perthite-changed orthoclase (25 '%). Plagioclase ( albite ?) sparse 
and euhedral ,  bi oti te and much muscovite ,  big, i rregularly shaped tur­
malines. 
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40. D i o r i t i c  r o c k ,  I d a y N .  o f  C h . K o n g. A fine-grai ned , green 
rock . Hornblende composes c:a so %, zoisit ic ,  zonal plagiodases 30 % ,  
quarz 1 0  % ,  pale biot ites I O  % .  A little apatite . This rock i s  perhaps 
a fi.ne -grained, more basic type o f  that described above (see 38). Macro­
scopically and also microscopica lly it shows a striking s imi larity to a n  
andine rock, described b y  QUENSEL a s  being probably a n  akerite. 1 

4 1 .  P o r p h y r i t e , I d a y  N .  o f  Ch .  K o n g. A micro -granit ic ground­
mass, contain ing b ig ,  equ idimensional ,  zona l  plagioclases (in the centre 
andes ine) .  Biotite and, sparsely, decomposed hornblende. 

42. P o rph y r y, I d a y  N .  o f  C h . K o n g. A micro·granitic ground­
mass, containing big quartz and perthite phenocrysts. The quartz is gene­
ral ly  primari ly broken into pieces and also somewhat katadast ic .  

43 · T u ffo g e n e  b r e c c i a ,  I d a y  N. o f  C h . K o n g. Decomposed 
and  iron- infiltered. Contains fra gmentary quartz and plagiodase ind ividuals, 
and pieces of different fels i t ic  and trachytoidal  porphyritic rocks . 

44· P o r p h y r y , I d a y  N. o f  C h .  K o n g. An apparently qu ite 
compact, red rock. The groundmass is somewhat flowed, fel siti c and 
partly crypto-poikili t ic .  Small quartz and plagiodase phenocrysts are found 
here and there. 

4S · P o r p h y r y ,  I d a y N.  o f  C h . K o n g. 
mass, containing b ig ,  corroded quartz phenocrysts .  
also occur as phenocrysts ,  ch lorite and epidote. 

Micro-granitic ground­
Perthite and p lagiodase 

46. R h y o l i  t i c  p o r p h y ry, I d a y  N. of C h . K o n g. Part ly of a 
lava nature, w ith smal l  quartz-fi.lled vesicles, partly a felsitic, flu ida\ ground­
mass with b ig phenocrysts of  quartz and perth ite .  Small  andesines 
occur also. 

47·  P o r p h y r i te ,  h a l f.w a y  b e t w e e n  C h . K o n g  a n d  C h . S e n . 
The groundmass, spotted fel sitic, contains b ig  andesine and chloriti zed 
bioti te phenocrysts. The l atter contain magnetite grains. 

48. K a ta l a s t i c , g r a n i t i c  r o c k, h a l f-w a y  t o  C h . S e n .  A coarse­
grained, somewhat pressed rock, consisting of 4S % of  euhedral andesines 
and big ortbodase patches, the l atter, comprising about 2S %, are general ly 
changed into perthite. Katadastic quartz comprises I s % .  A somewhat  
andine character may thus' be  traced. 

49· K a t a c l a s t i c , g r a n i t i c  r o c k ,  h a l f-w a y  t o  C h. S e n. Obviously 
the same as the former, only that it is much more pressed .  

so. T u ffo g e n e (?) r o c k ,  h a l  f-w a y  t o  C. S e n . A fine-grained ,  quite 
decomposed rock, p robably tuffogene, also showing porphyritic characters. 

5 1 . P o r p h y r i t i c  b r e c c i a , h a l f-w a y  to C h . S e n .  This rock con­
s ists of  fragments of spotted felsiti c rocks, with numerous, b roken, corroded 
quartz phenocrysts . Troubled ortbodases and plagiodases, as well as a 
few, big biotites changed into chlorite and epidote also occur as pheno­
crysts. -

1 P .  D. QUENSEL :  Geol.-p etrogr. Studien in der Patagonischen Cordillera. Bull.  o f 
the G eol. In st. of Uppsala. Vol. XI p. 89. Uppsala 191 r.  
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The same geology continues towards Ch .  Sen . ,  but the exposures 
become less frequent, as the river i s  entering the plains of  this d istrict .  

A few kilometers south of  the old, ruined town of Ch. Sen, there are 
some hil locks on the plain. Here sol id rock was observed at some pl aces 
and was a typical greissen. 

52 .  G r e i s s e n ,  C h. S e n ,  consists of  museavite and quartz ,  the 
latter in ramified ,  or iented individuals, indicating a previous micro-grano­
phyric texture, as i s  characteri stic of e .  g. the granit ic rocks of the andine 
type,  known i n  other p l aces i n  Siam . --

That muscovite-bearing rocks must be abundant i n  these districts i s  
also t o  b e  seen at the Mekong, where small streakes of  washed-out musca­
vite appear at the water-line .  In connect ion with the greissen occurrence 
mentioned there are traditions of mining said to have been carried on in  
o ld  t imes. It seems very probable ,  too ,  that t in  as  weil as other metals 
may once have been produced in these regions, in asmuch as hundreds or 
even thousands of  Budda-images are scattered in the j ungle i n  this ruined 
town, as weil as at some other places in northernmost Siam. Many of 
these bronze statues are much more than of  fu l l  size. Also from M.  Fang 
in  the south-west and from \Vat Lung south of  Ch . Kong the occurrence 
of  Budda-images is reported .  

Al luv ia l  gold i s  also reported from this part of  the Mekong, and I 
have seen rather big nuggets from there. At present no more work i s  
carried o n .  I n  the river bed, especial ly towards Ch. Sen, half-cemented 
conglomerates, o f  the same appearance as those described from the M. 
Loye pla in ,  are abundant, and they are possibly the gold-hearing beds .  

Between Ch. Sen and Ch .  Rai no  geological observations were made ,  
a s  the  route passed over flat, covered ground only. Not far from my 
route are situated the  ho t  springs of  Me  K y (= B.  Mechan), v is ited in 
1 89 1  by J .  Mc.  CARTHY who writes : 1 « jets at boi l i n g  heat played from 
openings in the rock, in some cases to the heigh t of 2 feet, and a l l  round 
there was  a d in  and  hum as i f  from many small steam-engines .  At one  
fountain there was a natural su l phur-spray. >> Hot  water not seldom rises 
from the ground in Siam, bu t on my journey I heard of s u ch « hot sulphur 
well s »  in these western parts of  upper Siam orily. Such a one is reported 
from Me Soue i , S .\V. of  Ch .  Rai ; another, a b ig  one, near M .  Pa Pao on 
the way to Ch .  Mai ,  and one from north-west of M. Fang etc .  The 
natives say that  wi ld cattle l ike  t bese  wells, which are thus considered 
to be good hunting-places. These hot wel l s  and the small volcan ic  vents 
near Luang Frabang -- also vis i ted by Mc.  CARTHY (loc. cit) among 
others -- are the only ver ified signs o f  volcanic action i n  these region s .  
Though i t  does  not  seem very credib le ,  a rumour current among the 
natives may be mentioned here. They say that · some of the highest peaks 
on the watershed between the N. Lao, Me Kok and Me Ping, have a 

1 J. Mc.  CARTHY : Surveyi n g  a n d  explori n g  in Siam. Royal G e ogr. Soc.  L o n d o n  
1 900. 
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peculiar shape, just  like ext inct  volcanoes, and that some o f  them also 
have l akes at the top . And there was also a high mountain where « high 
fiames had been burning for three years » .  

From the district o f  Ch. Rai some ores, among others also native 
gold ,  were reported .  For this ,  as weil as for other informations of interest 
to me, I have D r. BRIGGs, an American missionary, and Maj or THOR­
w ALDSSEN, the Danish gendarmerie officer, to thank. Ores of silver, lead, 
tin , antimony, iron ,  copper etc. are known, and gold is washed in som e  
creeks in  the ne ighbourhood.  An old copper mine is  situated in a l ime­
stene mountain som e kilometers to the w est ; the ore consists of  cuprite an d 
malachite, and was worked out of  solid rock. In the river bed of  the Me 
Kok loose pieces of  coal or l ignite are foun d ;  the outcrop of  the bed was 
found by a native, according to his own narrative , on the other side the 
Burmese horder .  The thickness was about I m . ,  and the stratificat ion 
was said to be undisturbed . A sample I got gave (SKS) : 

Hygroscopic moisture . _  .. _ .. _ . .  _ _  I r , 3 % 
V olatile (at dry-destil l ation) · - - 34,6 » 

Carbon _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .  _ _ _ _ _ _ _ _ _ _  .. _ _ _ _  . .  _ _ _ _ _  50,6  » 
Ashes . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . .  - . . . .  3 . s  » 

I OO , o  % 

Close to the town there i s  a small bill some tens o f  meters i n  height ,  
where the barracks are situated, which consists o f  a qu i te decomposed 
i gneous rock, white and l ight reddish in  colour, containing 5 % of  kaol i ­
nite . When the rock i s  dried , traces of  a porphyritic structure can be 
seen. A clay found at the foot of the hill , washed out from its steep 
slopes, is eaten by the natives. The clay is made  into pellets and sl ightly 
roas t ed .  

On the way from here to Me Soei, in the south, some observation s  
on t h e  geology were made .  The first smal l  bil locks passed were composed 
of a porphyritic rock, probably the same as that ment ioned from the town 
itsel f. 

5 3 ·  P o r p h y r y ,  C h . R a  i. The groundmass is micro-granitic and 
contai ns scattered,  corroded quartz individuals , as weil as orthocl ases, 
ol igoclases and chlorotized biot ites as phenocrysts. -

Thereafter appear several banks of Sandstones and  shales, intruded by 
one or two porphyritic banks, later on reddish sandstones, and dark red 
shales predominate. Also here occur more metamorphic layers ,  seri c ite­
and mica-shists, some of them obviously originating from intrusive beds .  
Near Me Souei small graphit ic seams were observed .  

The  strike in the region passed trough i s  N.N.W.-S.S .E .  and  the 
dip almost vertical. 

From Me Soei I started for M .  Fang in the N .  W . ,  erossing the moun­
tains on very rough tracks. I wanted to visit that place as « petroleum 
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wells » was marked on some maps ,  in accordance w ith exaggerated rumours 
among the natives. As far as I know, the place has not been visited by 
any European before. 

On leaving Me Souei I entered granitic ground nearly at once. This 
rock, a coarse-grained, light-grayish granite, bui lds up the whole highland ,  
continning to  t he  M.  Fang plain. 

54· G r a n i t e, e a s t  of M. F a n g. A coarse-grained , gray rock, con­
s isting of about 30 % of quartz, showing traces of sl ight pressure, and 
2 5 % plagioclases ( in the centre andesine�. Orthocla�e ,  comprising about 
30 °/0 , occurs partly as scattered ,  Iong Carlsbad-twins ,  giving the rock the 
appearance of  an eyed granite. Generally, h owever, i t  i s  anhedral to the 
plagioclases. Biotite i s  the dark mineral. It contains apati tes and zircons. -

The granite does not show any noticeable traces of pressure and 
is younger than the surrounding sediments. Sometimes a flat, primary 
banking i s  perceivable .  Just before reaching the foot of  the mountains, at 
the M. Fang plain , where we descended near to B .  Mesalouk, reddish 
coarse sandstones, contain ing an intrudcd granite bank, appeared . 

At M .  Fang, situated on a plain ,  no  sol id rock i s  exposed , but i t  
i s  to be noted that the . old ruins are bui l t  of the same kind of red sand ­
stones and  granite as  are mentioned above. Thus  these rocks may occur 
in  the vic in ity. In the surrounding s l ightly hi l ly country boulders o f  the 
same rocks were also noticed, but besides there seem to occur d ifferent 
metamorphic rocks, with quartz segregations .  In the north the mighty 
mountain Pahom Pok can be sighted , the straight slopes of which indicate 
sedimentary formati9ns, d ipping about 1 5° to the E.  The highlands bor­
dering the plain in the west show the forms characteristic of  the l ime­
stone districts. It may be the eastern part o f  the great Permo-Carbonian 
« Shan-plateau » , 1 known from the Burmese side. 

The occurrence of  petroleum in  this place seems perhaps not quite 
out  of the question,  especially in view of  the vic in ity of the Burmese o i l  
fields. But it should, however, be remembered that in the later place 
there are folded Tertiary ( Miocene) deposits , which are oil-bearing .  Here , 
on the contrary, no Tertiary folding axes are passing over, and the form­
ations are probably of p re-Carbonian age. Thus no analogies ought to be 
drawn on a geological basis between the two places. Asphalt occurs here , 
however, and i s  an artide in great demand among the natives, who use i t  
for painting t h e  foundations of  the tempels t o  preserve against the white ants . 
I visited the asphalt locality, lying about I O  km.  S .E .  of the town. The 
asphalt i s  collected from the bottom of a pit about 5 m. wide and r m .  
deep, fil led with water even now in  the dry season. On the surface the 
water is oily. This pit lies in a gently sloping, damp meadow, near the 
border where i t  passes over i nto sandy ground.  The asphalt is found only 
at this spot ;  by d igging close by no signs of i t  could be found.  Thus 

1 !t  is n o  tectonic plateau,  b u t  the vast limestone highl and i s  chiefly eonstittHed by 
the folded Perm o-Carbonian series.  
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the area is very small ,  and certainly the occurrence has the character of 
a weil of oily water, bu t does not indicate an y o i l - bearing layers of  val u e. 

In  the neighbourhood solid rock can not be seen, but Sandstones 
seem to predominate, and an intruded granit ic rock may probably occur, 
as is  indicated by the weathering  products on some small hills . 

Some Siamese officials, acquainted with the Burmese oi l-fields, intended 
to work this deposit, perhaps chicfly as an asphalt mine, but they believe 
in the future of M.  Fang  as a centre of great oil-fields. From other places 

Fig. 6.  Limestone crags o n  the watershed south of M .  Fang. 

in Siam is also asphalt reported, but M. Fang seems to be the best repu­
tated l ocality.  

Going south towards Ch. Dao I found no sol id rock unti l  I arrived 
i n  the vieini  ty of  the watershed between the water systems of the Mekong 
and the Menam. These mountain ridges, which were rather troublesame 
to cross, consist of shales and I imestones ; the d i  p ,  only once observed, is 
30° to N.W. From a d istance the pass looks inaccesible, a number o f  
prec ipitous l imestone crags cropping out over the surmunding highland 
(see fig. 6). They form the remnants of a seemingly harizontal or gently 
folded limestone cap,  the same one as was s ighted in the W.  from M. 
Fang, and certainly connected with the «Shan-plateau » on  the Burmese 
borde r. Here, too, these layers have something of  a reef character ; no 
fossils are to  be found,  and the solid, gray rock does not show any 
distinct strati fication ,  though the seetians are as good as can be desired . The 
total thi ckness must be very considerable ; at Ch. Dao I estimatc it to be 

Bull. oj Geol. 191 J. 7 
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something l ike 2 ,000 m. O f  the underlying  formations very l i tt le is to 
be seen, but at a few places upraised sandstone beds str iking N.--S . were 
passed. The l imestone bi l ls ,  which at the watershecl are so near tagether 
as to leave a very narrow passage, separate towards the south , and at 
Ch .  Dao they are represented by the farnous Doi  Ch. Dao, some kilo­
meters to the west, r is ing abruptly on al l  s ides with almost vertical wal ls 
to a height above the sea-leve! of 2 , 400 m .  (see fig. 7) .  At  the horizon 
in  the east the l imestone highlands are sti l l  visible beh incl gentie r idges of 
obviously less resistant sedimentary formati ons. 

Fig.  7 ·  Doi C h ieng Oa0,  a big l ime�tone m o untain. 

Going south towards Ch. Mai the p lain gets narrower and the low 
mountains approach ncarer together ,  forming a h i l ly  lan dscape , cut th rough 
by the river. Red sandstones and dark, quartz i t i c  shales appear here, 
on the whole strik ing E .-W . ,  strongly and irregularly folded.  In  these, 
probably pre-Carbonian l ayers a l ight-couloured grani te seemi ngly1 of  the 
same character as that east of  M. Fang i s  intruded .  The sedimentary 
series next succccding is m uch destroyed by pressu re and part ia l ly very 
metamorphic ; i t  conta ins  many quartz nod u les .  Before the great Ch .  Mai 
p la in is  reached ,  a gent ly undulat ing region of  redd i sh  and l ight-coloured 
sandstones is crossed .  

Towards Ch. Mai h ighlands are  sti l l  seen ,  not  far off to the  west, 
apparently bui lt up of sedimentat-y rocks, dipp ing about 20° to S .  or 

1 All  the samplcs  collected o n  th e j ourney s outhwards from M .  Fang , were l o s t ,  
And for the description o f  them my j ournal  is my only a n tl1 o rity. 
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S.'vV. a l l  accord ing to the shape of the mountains, e .  g. at th e Doi Sutep 
west of the town of Ch . Mai . 

l 
A 

Section along the Me Ping 

,' � M. Hawt 

� - p�/&= A B 

Sen/e 50 kilometers 

Legend 

� Limestones (Permo- Carbonian) 

Sandstones (Triassic) 

iiffffff!/f, Shisls 

1/l/1111/lll/111 Si!icified rocks 

B Oranitic rocks 

' Porphyrilic dyke 

Fig. 8. Map and seet ian alon g t h e  Me Ping. 

The highest peak in Siam,  Do i  Intanon, is s i tuated here i n  S .\V. and 
i s  2 , 5 7 5  111 . h igh above the �ea - leve l .  Un fortunately, i n  the dry season 
it is  h idden by haze, and so I do not know anythi ng of i ts appearance,  
nor had I any opportunity to vis it i t .  As far as I know, no descript ions 
of  the geology of  th is  mountain have eve r been given.  General ly the 
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limestone peaks are the highest in this country, and perhaps Doi Intanon 
is one .  

From Ch .  Mai we went down the Me Ping in  boats to Paknam Po 
on the rai lway, and I hoped to get a good geological section ,  where the 
river cuts through the highlands. The geological observations a long the 
Me Ping are marked on the sketch-map,  fig. 8 .  

On the first d ay 's  j ourney down-r iver, however, only flat country i s  
passed through, and solid rock, except for young Tertiary or Pleistocene 
conglamerate beds, is seldom exposed.  One day's journey before reaching  
M. Hawt some granit ic  rocks appear by the  bank, thereafter coarse 
reddish sandstones, which are sometimes almost white, with i ntercalated 

Fig. 9. The Me Ping breaking through the limesten e  highlan d .  

conglomerates, are exposed, d ipping 20° to S.W. Below the above men­
tioned v i l lage the position of the layers dips in the opposite direction ,  20 
-30° to N.E. 

About one day's journey below M .  Hawt a mighty l imestone seri es is 
met with , underlyi ng the sandstones and showing the same clip to N.E. 
Without doubt these sandstone and limestone formations are to be consi­
dered as representing the Triassic and Permo· Carbonian, known from other 
regions of  the pen insula and of a quite similar character. However, it must 
be confessed that e ven accepting this hypothesi s ,  there sti l l  remains some 
doubt in regard to the connection with the geology in  the north , where 
the I imestones reappear at Ch. Dao and still further to the north , where 
I passed over underlying  pre-Carbonian formations. Here by the Me Ping, 
on  the contrary, one comes from overlying  Triassic laycrs to the lime­
stone beds. Thus between t hese two places an u nobserved o uterop of the 
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Permo- Carbonian must exist sornewhere, probably i t  is hidden under the 
plains passed over. Another possibil ity would be that a great dislocation 
had taken place, owing to which the southern part had sunk down .  What 
adds to the difficulty is a certa in  s im ilarity between the sandstone, some­
times found underlying the Permo-Carbonian , and these overlying Sand­
stones of Triassic age, what is al ready mentioned as being the case e .  g. 

Fig. 10.  In the rapids of the Me Pin g. 

from M. Loye, M. Fang, etc .  To the same fact is due the uncertainty 
of all determinations of geological age in upper Siam especial ly where the 
more recognizable Permo-Carbonian I imestones are absent in the vicinity. 
Generally the pre-Carbonian series is  much metamorphi c  and folded, but 
not always, and sometimes,  on the other hand, even the younger forma­
tions are very folded and much destroyed. 

Returning to the geology along the Me Ping  it  may be mentioned, 
that this l imestone series continues a Iong way down-river and bui lds up 
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a vast highland of  at  !east 1 , 5 00 m. height, where the river breaks through , 
forming some 30  rapids  and showing  a drop of  nearly 200 m. The valley 
is very deep and narrow and has in parts the character of a real car1on 
with quite perpendicular walls (see fig .  9 and ro). But even at such places 
the strati ficat ion is hardly perceptible, though the cross-seetians are most 
i deal . Here also draperies of drop-stones cover a great many of  the pre­
crprces. I could get no fossils, nor does the campact and often very 
veined rock look very promis ing for their discovery. On the whole the 
layers are gently undulati ng, but the movements have obviously not been 
quite unimportant, as can be seen from local fald ing and crushing zones .  

First the layers in question dip 20° to N.E. ,  continn ing irregularly 
for a good distance, whereafter the position of  th e layers changes, and 
the dip takes the opposite d i rection , to S.W. Thereafter two more such 
flat anticlines are crossed.  In the first of  them a dark quartzi t ic or chert­
l ike, probably contact-metamorphic rock underlies the l imestone ; in the 
seeond a sti l l  decper lying granitic rock is exposed. The l ight grayish , 
coarse-grained rock, looks very s imilar to that of the great massive east 
of M. Fan g (see p .  96) . Generally it does not show any traces of regional 
metamorphosis, but same loose boulders I found further down-stream , 
where the fald ing of the Permo-Carbonian formation is much stronger, 
showed nearly the appearance of  an eyed gneisse. Unfortunately I have 
no samples of this graniti c  rock for more exact examination, those I bad 
as wei l  as al l  samples col lected on the journey down from M.  Fang,  h aving 
been lost before Bangkok was reached.  The granite i n  question,  as I 

have mentioned, is obviously entangled in the tecton ic movements, but it 
may be considered as younger than the l imestone beds. No evi dently 
in truded veins of it could, however, be observed in  the Iimestones uniess 
possibly further down the river, where it outcrops alternati vely with verti­
cally upraised limstone beds. If this is the effect of strong falding or 
intrusion could, however,  not be determined , as no immedi ate contacts could 
be found and examin ed here or anywhere el se a Iong _ the ri ver. I t ma y 
be mentioned that granitic rock is not very resistant in  the tropics, and 
thus it is not  much exposed , consequently dykes etc .  may easily escape 
observation. At the beginning of this r iver-seetian th rough the limestone 
mountains two intrusive dykes vvere, however, noted, e Litting through the 
limestone high up in the face prec ip ice ,  but ,  j udging by their dark colöur ,  
they are probably not of granitic, but of  basic character. 

After passing the last mentioned ant icl ine,  the Me Ping turns abruptly 
in a more easterly direction .  Here the strike of  the falding axes is con­
t inuously the same, N .W.- S.E . ,  and therefore, before 

·
the river makes a 

fresh curve and resumes its previous direction, it cuts through the  same 
anticl ine as was first passed. Here , too, the dark. s i l icified or chert-like 
rock and the gran i te could be observed. A l itt le further down the river ,  
where the course is  more southcrly, such an ant icl ine is again crossed ,  
showing the granite at the  bottom. Thi s anti cl ine, too ,  may earrespond 
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to one of those previous ly passed. The strike of  the strata now changes 
to a more southerly one and the dip becomes steeper. 

Now the mountains retire a l ittle from the river and, as they are 
more round-shaped and overgrown, clear sections are not  longer to  be 
seen (fig. I r ) .  Before reaching the p la in itself, however, rocks occur in 
the river bed at one or two places ,  eausing rapids, and here are st i l l  to 
be seen the same limestone and grani le  beds a l ternately, but now vertically 
upra i sed and striking about N .N .W. -- S .S .E. It seems as i f  the granite 
here were folded together with the l i mestone series, and not only intruded 
as thic k banks in conformity with the l imestone layers. In some loose 
boulders I found specimens of  this gran ite pressed to an eyed gneisse. 

Fig. 1 1 .  Rounded limeston e hills a t  the Me Ping. 

Towards Raheng the ri ver passes over flat country, and sol id rock 
was but i n frequen tly met with. Only a few granite exposures were seen ; 
and ,  fu rlher down the r iver, pressed and crumbled shales, without distin­
gu i shable dip or  strike were observed here and there. 

One day's j ourney before reaching Paknam Po, some crags and ridges 
are vis ible , sbowing the typi cal shape of the limestone. The strata here 
are qu i te upraised and strike along the river, about N.N.W.- S.S .E .  
Probably these mounta ins are  to be considered as the  continuation of the 
fold ing axes i n  the Permo-Carbon ian formation ,  thus giving a Connection 
with the range of  Don Pia Fai (W. of Korat) and its offsets at  Pra Bat 
and along the railway north of  Ayuthi a. 
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Remarks on the geological map of Siam. 

See map, plate I. 

In order to get an insight into the rock-ground of  Siam , one has to 
consicler what is known of the geology of the surmunding countries, the 
knowledge of Siam itself, as camposed of  a few previous notes and my 
own scattered observations, being very fragmentary. 

In L. DE LAUNAY ; « La geologie et les richesses minerales de l 'Asi e »  
i s  given a summary of the geology of  Further India ,  which has been my  
principal guide for this paper. With regard t o  origina l  papers I may also 
refer to the evidentiy very complete bibli ography of this work It has 
besides not been possib le for me to get all the original works, published 
as they are in al l  sorts of  differen t  publi cat ions ,  which are often hardly 
to be had. DE LAUNAY's extracts from these papers seem, however, to 
be very carefully made, and especi ally exhaustive are these dealing wi th 
the French colonies, which are, geologically, of the greatest interest for 
the geology of  Siam, as they are situated in the general strike of the 
same folding axes. Burma , on the other hand, borders parallel to the 
strike and is ,  moreover, of quite another character in  parts , showing Ter­
tiary deposits and foldings. Fol lowing DE LAUNAY I shall , i n  the fol low­
ing pages, group the formations as fol lows : pre-Carbonian,  Perm o Car­
bonian and Triassic. 

The p r e-C a rb o n i a n  occupies  the greater part of Annam, that is  to 
say the regions  bordering Siam to the north and east and thus it obviously 
continues down into S iam also. In S .E .  is situated the so-called Cambodja ­
massive, which DE LAUNAY dist inguishes separately on the map as « gneiss, 
granite et precarbonifere metamorphisb . H e indicates i t as extending 
over southern Annam, Cambodj a  (wh�re it  is , however, partially covered 
by younger strata) and over a belt in the upper Malay peninsula.  I have 
not retained this on my map of these regions, though they were not visited 
by me. But it seems to me that no clear difference could be made out 
between these older and the younger pre-Carbonian formations (Cambro­
Silur and Devon , the designation employed by DE LAUNAY elsewhere in 
Further India) and therefore I have given my marking  a wider significa­
tion, « pre- Carbonian » only. Because of the absence of fossils, the true 
age of  the different pre-Carbonian strata cannot be fi xed.  In similar for­
mations, however ,  Silurian and Devon ian fossils are found in Burma and 
Yunnan. 

As has been shown in the previous sections, however, a reservation ,  
which must  certa inly be made to apply also to  Annam , must be  made 
in the case of the marking «pre-Carbonian » :  that sometimes, where the 
folding is  strong, younger formations can also very possibly be included 
under it, especially where no recognizable leading  l ayers are found in the 
VICJmty. This is the case e .  g. with the districts between M. Pre-Ch. Mai 
and the Mekong in the north (see fig. 5 ) ,  where the folding is strong and 
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the formations ate compl icated and are, besides, frequently intruded by igneous 
rocks. Thus even if  chiefly pre-Carbonian rocks are represented under 
this  designation,  some strata are very simi lar  to ,  and perhaps represent, 
the Permo·Carbonian and the Tri assic, as they are developed in  other 
regions of  Siam. Against such a presumptian of the presence of  younger 
strata among the « pre-Carbonian » one could advance the objection that, 
in the direction of strike, there are great Permo-Carbonian areas in  the 
ne ighbouring regions of  Anna m,  e .  g. east of Luang Prabang, showing a nearly 
undisturbed stratification .  Bu t in the case o f  that country too, DE LA U NA Y 
has pointed out that probably only the more undisturbed parts of  the 
younger formations are recognized as such, and that possibly between 
them may occur folded strata of  the same age . Reaily some other facts 
point in s u ch a direction ; at Luang Prabang, for example ,  highly f old ed, 
fossil -hearing Triassic layers are observed . It seems to  me, moreover, 
that j ust this occurrence may form the continuation of the Triassic be l t  I 
erossed twice east of Outaradit, where ,  a long my more northerly route, 
i t  was found to be strongly fol ded (see fig. 2) .  The same fact i s  i ndicated 
by the reputed occurrence of  sal t wel ls at the sources of  the Nam Nan. 

Strongly folded and upraised Permo-Carbonian layers are also recorded 
from Burma, from the Malay peninsula and from lower Siam, which leads 
to the conclusion that h igh! y disturbed tectonics cannot provide an unmistake­
able indication of  older formations. 

Apart from the I imestones and red sandstones that are possibly of 
Carbonian and Triassic age, the pre-Carbonian strata are represented by 
different sandstones,  shales and l imestone beds, the l atter, however, not of 
any considerable thickness. Besides , there appear in  this formation m eta­
morphic rocks, as various sh ists, micaceous, ch lorit ic , and sericit ic ,  a s  wei l  
as  crystal l in ic l imestone. Among the shists also igneous rocks are recog­
nizable ,  especia l ly tuffs and porphyritic rocks ; sometimes also granites o f  
a ha l f  gneissic appearance. Most of the igneous rocks, i ntruded in the 
pre-Carbonian l ayers are, however, much younger, perhaps chiefly post­
Triassic, and they do not show any traces of pressure. 

It is obvious from what has already been said that it must be d i ffi­
cult to get a complete idea of  p re-Carbonian tectonics, as they must be 
influenced by the younger fold ing movements. General ly  it is  not even 
possib le  to distinguish the pre - Carbonian fold ing directions .  Thus, when 
the strike of  the pre-Carbonian series runs conformably with the post­
Carbonian fol ding Iines (as e. g. at the Burma-horder, at the Malay penin­
su la and in  Cambodja, as weil as i n  northern Siam ) one cannot, in my 
opinion, assume that th is  conformity is a primary one.  According to the 
maps of  DE L A UNAY, in N.E.  of the neighbouring parts of Annam a 
strike , d iverging from the ru l ing N.W-S.E .  direction, is noted and some 
folding I ines branch off towards S .S .W. It seems not quite impossible 
that two folding systems of  different ages are here represented , and,  i f  
that is  so, i t  wou ld b e  most Iikely from comparison with northern Siam 



1 0 6 BERTIL HÖGBO�I 

that the pre Carbonian should run N .\i\1.-S.E . ,  and the younger one more 
in a N . --S .d irection. 

According to my observat ions from the lower bend of  the Mekong 
(M. Loye-Ch. Kan) there i s  fo und  an anomalous strike of  the pre-Carbonian 
strata, goi ng  nearly vV.-E.  in  the  eastern and southern parts of the M .  
Loye plain ,  which d i rection i s  probably the original one ,  a s  the younger 
strata i n  the v icin i ty are und isturbed. Towards Ch. Kan,  however ,  the 
strike changes to a more S .-vV.direct ion , thus p robably the i nfl.uence o f  
the post -Triassic fold ings ( a s  observed i n  the mounta i n  l andscape in  the 
west) has here eaused such a seeondat-y strike of the older series . This 
reversal o f  the str ike earresponds  roughly to the course of the Mekong, 
and perhaps the dev iated course of  the ri ver here has someth ing to do 
w i th the two prevai l ing direct ions o f  the fotd i ng I ines. As ind icated on 
the map, there i s  also an  anomalous strike observed i n  the pre-Carbonia n  
series near Ch. D a o  i n  N .vV.-Siam too, b u t  here the observat ions were too · 
few to be decisive. 

T h e  P e r m o-C a r b o n i a n  i s  constituted of  a characteristic ,  mighty 
l imestone ser ies, more or less i n tercalated  wi th shales, and extremely poor 
i n  foss i ls . Therefore i t  is not yet possible to detennine which subdivis ions 
o f  the Permo-Carbonian formation are represented ; i t seems,  however ,  to 
be the u pper Carbon ian and Perm ( » Oural i en » ) .  At a few p laces on the 
pen insu la  are found Brachiopods and Fusu l inas ,  and I had the good fortune 
to find Fusul i nas in  southern S iam (see p .  68) ,  by which find i t  was 
i nd icated that the formation ,  characterized by the mighty l imestone  beds, 
is iden t ical with the Permo-Carbon ian as i t  i s  known from the neighbouring 
countries. One may, therefore, in general , be just i fied in g iv ing the name 
Permo-Carbonian to s im i lar l imestone  series when met w ith in other parts 
o f  the country, especial ly as most of  the occurrences in  upper Siam are 
more or less d i rectly connected with the Permo Carbonian d i stricts of the 
n eighbouring states. 

From the northern parts of Further India as well as from the Malay 
peninsula some Triassic marine  deposits are known, and it seems to be 
possib le ,  therefore, that Triassic layers can take part in  bu i lding up this 
mighty l imestone series .  The total  thickness is very great ; at Ch .  Dao I 
estimated it to be more than 2000 m. ,  the height of Doi  Ch. Dao above 
the plai n .  It is possible that these grayish, compact li rnestones ,  poor 
i n  foss i ls ,  have the character of reef-stones, as the stratification is ,  more­
over, scarcely distingu ishable. From the neighbou ring parts of  Annam it 
i s  noted that the position of  these layers is but l i t t le disturbed , or  that 
they show gentie and broad foldings only. As I have already mentioned, 
however, it is very possible that between those areas, often designated 
a s  plateaus, may occur more folded parts of  the formation ,  which are not 
dist inguished from the pre-Carbonian series .  This is so m uch the more 
probable ,  as the Permo-Carbonian i s  strongly folded e verywhere in the 
lower parts of Siam and in Burma. As to the known extension of this 
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formation i n  Siam i t  may be said that i t  occurs i n  Cambocija a t  two 
places, namely by the lower Mekong and on the coast of the golf, showing 
a strike running ab out NW. -- S.E . ,  conformably with the strike of the 
pre-Carbonian strata, wh ich have perhaps been inftuenced by the l ater 
folding movements. From these occurrences the continuation of  the strike 
is found in the Don Pia Fai range, which borders the Korat p lateau to the 
west. Here the strike st i ll runs a bo ut N. 'vV -S.E . ,  thus obliquely erossing 
the Menam pla i n ,  and continues along the Me Ping, still with strongly 
upraised beds .  After following the r iver about half-way to Ch.  Mai ,  the 
range becomes more gently folded , and the layers bui ld up an extensive 
mountain massive, cut through by the river (see p. 1 02) .  The strike is some­
what deviated here, as indicated on the map. This l imestone district may 
be connected with the great Permo-Carbonian area on the Burma border 
in the west, called the « Shan-plateau » ,  although it is not any tecton ic  
p l ateau .  Towards Ch .  Mai  the I imestones retire, but  appear again at Ch .  
Dao,  where they st i l l  seem to be on ly sl ightly d i sturbed,  and the same is 
the case towards M. Fang. In the district east of the Me Ping it is pos­
s ible that Permo-Carbonian layers, not distinguished from the older series ,  
may occur .  Thus, as occurrences met with al ong my I ine of  route may 
be ment ioned the limestone bi l ls east and west of  Ch. Rai ,  wh ich are of  
doubtful age, as weil as occurrences to the east and north of the  M. Pre­
M. Nan regions (see fig. 5) etc .  From the sources of  the Nam Nan 
\VARINGTON SMYTH also mentians a mountainous l imestone landscape .  
This  and some other of  h i s  observations are ind i cated on my map ( see 
fig. s ). 

East of  the M. Loye plai n (see fig. 8) was observed the Permo- Carbon ian ,  
constituting a plateau , the extension of  which towards the east is not 
known.  The stratification seemed to be nearly harizontal or slightly d ip ­
ping towards the south. 

It may be mentioned that the topography, as it i s  shown on some 
of  the maps, ind i cates that the Don Pia Fai range runs more S .-N.  and 
continues northwards along the western side of the N. Sak, where it should 
form a considerable mountain landscape. Geologically, however, i t  erosses 
the Menam plain in a N.W.direc t ion .  But it i s  not quite out of  the ques­
t ion that i t  should send out a branch in a northerly d irection, too . I 
hardly believe this to be so, however, because of the shape of these moun­
tains west of  the N. Sak, when seen from the railway. Their shape more 
probably ' ind icates table-mountains , which here form a mountainous mar­
gin zone of the Korat plateau , similar to the Pnom Dang-rek i n  the south 
(see p. 7 1 ) . My observations on the j ourney to the east from Outaradit, 
suggesting a nearly undisturbed Triassic belt ,  also indicate that the Korat 
pl ateau and not a mountain range forms the continuation of these regions. 

A s  T r i a s s i c  has above been designated a formation, chiefty bui lt  
up  of red sandstones, conglamerates and shales ,  though the indicat ions of 
the age are very vague. At Luang Frabang and in Tonkin fossi ls have 
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been found, indicating Triassic, perhaps chiefly Rhätic, age. From some 
l ignite occurrences, however, plants are known, probably o f  Liassic a ge .  
These layers are considered to belong to the Gondwana group,  and earre­
spond to similar deposits in Tonkin . 1  

In Siam such Triassic layers have  their  greatest extension in the 
Korat plateau and its continuation over southern Annam and Cambodj a ,  
here mostly quite undisturbed, forming a mighty series of  reddish sand­
stones. In Cambodja  they lie discordantly over the folded Permo-Car­
banian formation ,  and the same I consicler very probably to be the case 
on the western border also, by the Don Pia Fai range. In northernmost 
Siam, as weil as at Luang Prabang, and even east of Outaradit, at the 
northwestern earner of  the Korat plateau, the Triassic layers are strongly 
folded, generally striking N.-S.  Gentle flexures are  found so far to the 
south as by the Korat railway (see p .  70). Of  course, the same may be 
said about the Triassic as about the Permo-Carbonian layers in  northern 
Siam , viz. that they might perhaps have escaped detection, where they 
are strongly folded together with older formations. 

I also encountered sandstones of  obviously Triassic age where the  
Me Ping enters the vast limestone highland south of  Ch .  Mai .  These sand­
stones l ie  conformably over the Permo-Carbonian formation and have been 
seized by the same gentie flexures. 

I could not discover deposits af any extension younger than Triassic, 
except the recent ,  or Pleistocene alluvions. Locally, however, undisturbed, 
obviously very young shale and conglomerate beds were met with . Proh­
ably they are of Tertiary age and of  the same character as  the Tertiary 
auriferous deposits, know from the French colonies. Such layers were 
observed along the Mekong (see p. 94) and on the M. Loye plain (see 
p . 82), places also noteworthy as being gold-bearing. Probably the pieces 
of fossil wood I collected in Korat originate from similar beds. 

It must be suggested that the Tertiary falding systems have not 
reached Siam. May be that  the local Tertiary deposits j ust mentioned 
are too young and too local to prove absence of  Tertiary foldings, but 
the knowledge of  the neighbouring countries can do it . An important 
Tertiary range,  marked by volcanoes and folded ,  sometimes oil-bearing 
Terti ary strata, runs N .- S.  through Burma over Cap Negrais and parallel 
with (though outside the western coast of) the Malay peninsula ,  passing 

1 The plant-fossils fro m  the coal beds in the corresponding sandstone series of Ton­
kin are described by R. ZEILLER i n  » Examen d e  la Flore  fossile des  couches  d e  charbon 
du Tong-ki n g »  (Ann. d .  Mines 1 882 a n d  Bull. Soc.  Geol.  1 88z - 8 3 ,  8 5 - 86) .  He has fo u n d  
t h a t  a b o u t  half  o f  the species belong to t h e  middl e - G o n dwana, the r e s t  are of  a Rhätic 
typ e .  



CONTRIBUTIONS TO THE GEOLOG Y AND MORPHOLO GY OF SIAM I 09 

over to the Sunda islands over Sumatra and Java. In the north the last 
offsets of the Himalaya system can be followed down into Yunnan, where 
they are marked by the strikingly paral lel courses of the rivers Saluen , 
Mekong, and Jang Tse Kiang ; but they seem to disappear before reaching 
the northern corner of  Siam, where the courses become irregular, each 
river taking its own direction .  In Tonkin ,  moreover, are found middle­
Tertiary deposits in und isturbed position,  discordantly layered upon the 
older folded formations. 

Thus the « Cordillera of  Anna m » , suggested by FucHs 1 and still 
mentioned in some important geological handbooks (as e .  g .  in E. SuEss' 
«Antlitz der Erde » ) ,  does not exist in reality. Moreover, undisturbed Tri­
assic layers, forming the continuation of  the Korat plateau, reach the coast 
of the China Sea. Thus the term « the Cambodj a-massive » had better to 
be changed i n to « the massive of Further India » ,  which could be reckoned 
from the Saluen in the west to the China Sea in the east. However, 
Cambodja ,  with the neighbouring great Korat plateau and its continuation 
through Annam, is evidently the massive that has longest remained undis­
turbed, viz. from the Triassic period. 

Tertiary faults, however, may certain ly occur outside the true folding 
regions, and thus also further down in  Siam . Hot springs and solfataras 
(at Luang Prabang) are known , 2 and recent eruptive rocks occur in Siam, 
as well as in Annam and Cambodj a. The most important occurrence is 
that in southern Annam, the vast « Plateau des Boulovens » ,  situated on . 
the eastern part of the greast Triassic table- land and in the direction of  the 
suggested great fault, bordering the Korat plateau in the south (see below). 
Another is the basalt of Ch. Kong (see p. 9 1 ) , probably gem-hearing, as are 
the traps of Chantaboun  in Cambodj a. Another small, isolated occurrence 
lies north-east of  Saigon .  The basalt occurrence of  Ch. Kong and the 
solfataras west of  Luang Prabang have perhaps something to do with the 
anomalous course of  the Mekong here at its upper W.-E. running bene! , 
where the river takes an abnormal direction across the strike of  the strata 
and cuts through the mighty h ighlands at Luang Prabang, instead of con­
tinuing southwards, where no considerable heights present any particular 
obstacle .  

The abrupt edge of  the Korat plateau , which borders it towards the 
lower Cambodja  plain (also Triassic) ,  i s  perhaps to be considered as a 
great fault, that is so accentuated that i t probably ma y be of  Tertiary age. 

The whole « massive of Further In d ia»  lies outside the seism ic district 
of Asia, and earthquakes are very rare. Thus an earthquake in Bang­
kok, which I had the opportunity of  experiencing in May 1 9 1 2 ,  attracted 

l EoM.  FucHs et  E. SALADIN . Ann. des  Mines J 88z,  8 ser. ,  Mem oires, II .  
2 Described by Mc CARTHY (loc. cit . ) ,  WARINGTON SMYTH (loc . cit . )  JouBERT (in 

GARNIER, Voy. d. Expl or. Il) a. o .  Loczy (in Ost-Asien ; Reise d. Graf. BELA SzECHENYI, 
l ,  1 89 3 )  belieyes that these volcanic vents are burning coal  beds, in  my opinion a very 
improbable hypothesis. 
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a good deal of  notice. It was rather pronounced as gentie swingings here 
on the alluvial plain .  Afterwards, however, i t  was stated to be only the 
slight effects of an earthquake in upper Burma, the Tertiary folding d istricts 
of which belong to the seismic regions .  

R e t r o s p e c t  o n  t h e fo l d i n g  s y s t e m s. The folding Iines of differen t 
ages are generally difficult to distingu ish from each other in Siam , as the 
o lder ones are more or  l ess i nfluenced by the· younger, which in northern 
Siam are represented by the post-Triassic fold ing,  and in  southern Siam 
by the post-Carbonian. 

This difficulty i s  especially appreciable as regards the pre-Carbonian 
systems, but at some places, where the Carbonian deposits are less d is­
turbed and the discordance is perceptible ,  i t seems as i f  these folding axes 
of the old er formations ra n chiefly in a direction a bo ut N.W.- S . O . ,  the 
same probable being the case in Annam . 

In southern S iam the post-Carbonian, p re-Triassic foldings also go in  
about the  same direction. To the north the  origi nal ,  older folding l ines 
are less d istinguishable ,  as no  difference is to be observed here between 
the post-Carbonian and the post-Triassic movements. l� emarkable are th e 
gently undulat ing Carbon ian p lateau s  i n  u pper Siam and the neighbourin g  
parts of Annam, which probably form more resistant parts between highly 
folded helts . One might suggest that these «plateaus » were overthrusts, 
but notbing is known that would support such a supposition . Moreover, 
they show no metamorphosis. 

T h e  post-Triassic fold ing is strong ly developed and determines the  
usual N .-S.  strike.  

The fold ing I ines in Siam are more or  less erroneously indicated on 
DE LAUNAY's  maps, based as they are on the topographical features of 
the rather  i ncorrect maps over the country, owing to the lack of  geolo ­
gica l  observations. 

Summary of the Petrography. 

The petrographical studi es I had opportunity of making on my 
journey in Siam were ma in ly confined to the collecti ng  of spec imens and 
thus the results are ,  for the  most part, on ly scattered notes .  As so l id  
rock i s  very se ldom exposed and immedi ate contacts could not generally 
be observed ,  their mode of  occurrence,  d ifferenti a tion products etc. , can 
be but imperfectly known ,  especia l ly  as I on ly passed over them during 
a råpid journey over great stretches of  country. From the regions sur­
rounding Siam detai led studies of the petrography seem to be lacking .  
However, the  igneous rocks of  Purther India are  obviously worthy of inte­
rest, especially inasmuch as some of  them present less ordinary types .  

The igneous rocks occur partly as intruded dykes and stocks, but 
generally they are of  a more su perficial character as effusive beds . 
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The igneous rocks are m arked on the special maps, but ,  a s  their 
extension and mode of  occurrence could not general ly  be sati sfactori ly 
observed, these ind ications must be approximate only. From the general 
map (PI. I ) ,  however, they are entirely omitted,  their occurrence being 
generally quite local only. Their existence elsewhere than along my route, 
i t  would, moreover, be impossibl e  to know anything about .  

The igneous rocks are o f  different epochs, as is shown by the fact 
that there occur quite shistose rocks tagether with such as do not show 
any perceptible traces of  pressure .  Most of them are found in the pre­
Carbonian series, often metamorphosed beyond  recogn ization, but others 
are met with penetrati ng the Triassic strata ; finally the Tert i ary or recent 
basalts may be ment ioned .  Independant of  age, porphyrit ic eruptives 
predominate. The granit ic rocks ought general ly to be considered as 
relati vely you ng and at !east part! y penetra t i ng  Triassic strata ; I have 
but seldom found gneissic granitic rocks. 

Several short descriptions of the d ifferent rocks, based on microsco­
pical examinations, and dealing with the early observations made along 
my route, are gi ven in the previous sections ; here only a few general 
remarks wil l  be added. 

G r a n  i t i c  r o c k s  I met with at numerous p laces i n  Siarn ; I found 
them especially abundant and of d ifferent  types in the neighbourhood of 
M.  Loye and Ch .  Kan . The most extensive occurrence, I passed ,  was 
the massive situated east of  M. Fang, the breadth of which is about 
35 km. across the strike of  the .surrounding strata (see tig.  5 ) . Of  a per­
haps still greater extension are the granites intruded under the mighty 
Iimestones at the Me Ping  (see p .  1 02) ,  the scattered exposures of  which 
probably represent a continuous massive .  

Among the granites there are same of a rather common type, with 
orthoclase and quartz predominating, e .  g. the granite of Chanteuk (n :o  r ) ,  
t h e  grani te o f  t h e  M .  Loye-Ch . Kan plai n  ( n : o  r 6) and some others. 
Most of  the granit ic  rocks, however, are of another, more in teresting type 
of  rather  andine  characters, or they at !east approach this type .  They 
are noticeable for the preponderance of  rather basic plagioclases, occurring 
as zonal, quite euhedral i nd ividuals ,  mostly o f  andesine and l abradorite. 
The o rthoclase, which occurs more sparsely, is often e i ther microgra­
ph ic  intergrown with the quartz or occurs in b iggish anhedral patches, 
penetrated by the euhedral plagioclases, in  which case it generally attains 
a higher percentage. For those of  a more marked ly and ine type of  tex­
tu re and poor in orthoclase I have, in this paper used the name quartz­
d iorites. The i r  d ark minerals are hornblendes, augites, or biotites. As 
subord in ate minerals occur apatite, zircone and magnetite .  

Thoug al l  kinds of medium types seem to exist , I h ave not been 
able to find t hat the common granites and those of the quartz diorite type 
occur as differenti ation products of the same massive, though it is very 
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probable that they do so. It may also be noted that they are found in 
the neighbourhood of  each other, as e. g. at  the M. Loye-Ch. Kan plain .  

It is very probable that in some cases the quartz-diorites have given 
rise to contact ores, as e .  g. on the M.  Loye plain .  Thus I have previ­
ously mentioned the arsenic minerals appearing at B .  Hoei Tat, at the 
border of such a massive, noticeable ,  inasmuch as similar igneous  rocks 
are connected with auriferous arsenic-pyrite deposits in California (see p .  8 1 ) . 
If the tin-bearing rocks of  the Malay peninsula are quartz-diorites I do not 
know. I have, however, found such a granitic rock of  a very marked 
andine type near  Singapoor.1 

It may be mentioned that at Ch .  Sen I found a greissen  of  consi­
derable extension, which seemed to belong to a granitic rock of  this 
andine type (see p. 94), but from which gran ites the tin-bearing gravels in 
upper Siam originate,  I do not know. 

In norternmost Siam, on the Mekong, I found some half.gneissic rocks 
that seem to have been granites of, perhaps, a somewhat andine type. 
But among the few gneissic rocks I met with I did not find any of a 
more marked andine character. 

I have not been able to determine the age of  these « quartz-dio­
rites » ,  nor if  they all belong to the same epoch. But it seerus as if most 
of them, or  perhaps all , were younger than the pre-Carbonian foldings, 
which has often eaused strong metamorphosis to those strata intruded by 
the unpressed quartz-diorites. The min imum age is also not fixed either, 
but some were observed penetrat ing layers of probably Triassic age (e. g. 
n:o 1 1 ) . 

The same ma y be said of the gran i tes of a more o rdinary type ; 
kataclastic granites, however, of  this or a medium type, were observed 
from the Mekong as has been mentioned, but in this case the post-Triassic 
fotd ing is rather strong, perhaps strong enough to have eaused their meta­
morphosis. In other places, e .  g .  at Chanteuk (n :o  1 . ) , they occur pene­
trating the Triassic formation . 

P o r p h y r i t i c and t u ffo g e n e  r o c k s ,  such as quartz- and syenite-por­
phyries, porphyrites, eruptive breccias and tuffs are very abundant. They 
generally occur as beds and dykes, often of  considerable thickness. Some 

' As this rock is very representative and,  moreover, less decomposed than the most 
of  the sam ples I was able to procure in Siam, it seems worthy o f  a short description.  

Qu a r t z-d i o r i t e, S e a  V i e w, S i n g a p o o r. A grey, m edium· to fine-grained 
rock with a macroscopically distinguishable fluida!  arrangement of the table-formed felspars. 
The zonal p lagioclases,  in  the centre of  andesine or  m ore basic character, make about 
6o % and are very euhedral,  n o t  only to the ortb o dase and the quartz, but also to  the 
hornblendes,  micas and titanites .  Qua rtz and onhoclase make about 10 % each, green 
hornblende, in  the centre sometimes micrographic intergrown with augite, and biotite also 
about r o  % each. Biggish individuals of  titanite can b e  seen, a s  well a s  several smaller 
apatites. 

In J. WATSON, Building Stones,  Cambr. 1 9 1 1 ,  are two Singapocr  granites mentioned 
d esignated by Mr.  A. HARKER as Quartz-Monzonite and Quartz-Diorite. 
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are seemingly unaffected by pressu re, and these, when found i n  northern 
Siam - where the post-Triassic fald ing i s  rather strong -, ma y be  con­
sidered younger than the falding movements. Rocks of  this type are also 
found penetrating the Triassic strata ; but, a great number of  tbem are 
doubtless much older, and they are also much more abundant in the pre­
Carbonian than in  the younger formations. They are o ften m etamor­
phosed beyond recognization and are represented by shistose , chlorit ic  or  
sericitic rocks, sometimes, however, showing recognizable phenocrysts. 

In the previous seetians a number of especi ally less metamorphosed 
rocks of  this charakter are described ,  representing a multitude of  differen t  
types o f  structure, groundmass, phenocrysts etc . ,  which need n o t  b e  men­
tioned again here .  Only the more or less m arked eu taxite- and breccia­
like appearence they very often present, may be indicated, same of them 
approaching t rue tuffs, consisting of porphyritic fragments on ly. There 
are also such as consist of porphyritic fragments embedded in  a quite 
rhyolotic ,  lava-like mass. True tuffs are also very common, and often 
clearly of consid erable extension ,  embedded as they are in the sedimenta ry 
seri es .  In a black, campact tuff (n :o  8) I could d istinguish pi eces of fossi l 
wood , but  the structure of i t  was not preserved suffic iently for c iaser 
determination .  

It seems p robable that most of the ore deposits ,  known i n  Siam , 
are connected with the abundant i ntrusions of a porphyrit ic  character, as 
i s  also considered to be the case in  the ne ighboming French colon ies .  

B a s a l t  I only found at orre  place,  near  C h .  Kong on the  upper 
Mekong, where i t  seems to be the source of the sapphire-bearing gravels 
in the river bed .  For  a descript ion of this rock the reader may be referred 
to p. 91 (n : o  36) . Basalt ic rocks are also known in other places in Further 
India ,  v i z .  in Cambodja ,  at the sapphire mirres o f  Chantaboun and near 
Saigon, as weil as from southernmost Annam ,  the vast « plateau des Eau­
loven » ,  situated in  the continuation  of the s upposed great fault at the 
southern border of  the Korat plateau (se plate I ,  where the faul t  can be 
represented approximatively by the French barder, that is drawn along 
the watershed) . 

I also met with same other igneous rocks, wh ich are not included 
under the above headings ,  such as the minettes of Ch . Kong (n :o  37) 
and Chanteuk (n :o  2) ,  monozonitic rocks as orre from the upper Mekong 
(n :o  40) etc . ,  for which reference may be made to the previous detai led 
descript ions .  

Bull. of Geol I9 IJ. 8 
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Mining and mineral deposits. 

A number of mineral deposits have been mentioned in the above 
sections ,  though perhaps they are too l ittl e known geologically to be of 
sc ientific interest. My j ourney being only a first general surveing,  no 
closer examination of  their mode of  occurrence was possib le .  

In some cases I have also given more or l ess uncorroborated narra­
tives of  the natives about ores and abandon ed nat ive mines ,  but I con­
s ider them worthy of  mention,  inasmuch as they in a way indicate the 
common occurrence of mineral deposits, in which respect there i s  a l ikeness 
to the Malay pen insula and the French colonies ,  d ue to a correspond ­
ing similarity of  the  geology. Certainly i t  will be found that most o f  
t he  ores of  S iam w i l l  have n o  value for serious  mining. 

The l ist o f  ore finds,  given below is ,  o f  course, not  at al l complete ,  
as most o f  the statements were only collected during my short journey. 
Hardly any geological survey has been mad e  at al l ,  and the nat ives them · 
selves do not take much interest i n  mines, and thus certain ly only a smal l  
portion of  the existing occurrences can be enumerated here .  Really i t  is 
remarkable that ores are so o ften foun d  and recognized by the natives, 
as the rock·ground is very seldom uncovered, and then it i s  general ly  
superficia l ly decomposed . Nowadays especi ally nat ive m in ing i s  very 
un important and our interest in  it i s  rather of  an etnographical than a 
commercial nature. Iron ,  copper and  s i l ver  can easily be bought from 
abroad ,  and as for the many examples of the silver-smith 's  ar t  met  w i th  
everywhere in  the country, they are  made from s i lver  co ins .  However, a 
good deal of metals mu st have been produced i n  earl ier t imes, as is 
shown by the numbers of  bronze Budda- images i n  this country. Aban­
doned m ines also seem to be rather common.  

Except for the t in m i n ing i n  the Malay peninsu la ,  which I do not 
deal with in this paper ,  t here i s  no  m ining on a ]arge scale i n  Siam . 
During my stay in Bangkok, h owever, I heard about a n ewly d i scovered , 
valuable galena  deposit i n  Canbury, i n  south western Siam, which was said 
to be well surveyed and considered to be very rich, but the difficult ies of 
transport would be a drawback. In Bangkok I heard about the galena 
ore of Hinlap, ment ioned above (see p. 69) ,  hut i t  was kept secret when 
I v is i ted the place .  

A few attempts at European min ing have been made,  but they were 
not succesfu l .  The copper m ine  at Ch anteuk has already been mentioned 
(see p .  69) ,  and I was told that another one was started at Raheng. Gold 
m in ing has also been tried at Watana (200 km .  E. of  Bangkok) , and 
subsequent ly at  M .  Lom (government  Pechaboun) ,  a lso without success .  
A t  the gem fields o f  Chantaboun , in  south-western Siam, Europeans have 
tried to  get control o f  the work and monopol ize the sapph ire trade, bn t  
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they only raised troubl e with the Burmese gem diggers, and ,  moreover, the 
dead ly elimate was a great obstacle .  

In the fol lowing l ist ,  as I have a l ready said, I bring tagether chiefly 
such statements as I have co l lected myself, but some are t aken also from 
other papers, which casually mention them .  The l atter are ch iefly publ ished 
by WARINGTON SMYTH ( loc. c it . ) , a geo logist once i n  the Siamese service , 
who to some extent erossed the same ground as I did. 

Go l d .  In Siam , as weil as in  China , Fren ch Indo-Ch ina, the Malay 
pen insula etc. a l luv ial gold is washed by the natives i n  many places. In 
the French colonies closer investigations have also been made, and the 
sources of the go ld has been di scovered to be chiefly veins of  quart z ,  
often i n  the  v ic i n i ty of igneous rocks, intruding the sediments, especial ly 
the  metamorph ic pre -Carbon ian form ations . Min ing on a ] arg e  scale has 
seldom been succesfu l .  As has been mentioned, i t  has a lso been tri ed on 
in Siam , at 'vVatana and M. Lom.  Besides, the a l luvial gol  d i s  sometimes 
found in small creeks and in the river beds in quite recent a l luvions , and i t  
is contained i n  older (Tertiary ? ) more or  less cemented conglomerate beds.  
Some local ities a re : Outaradit , N am Pa t , Tali , man y places a long the 
N.  Loye and at its junction with the Mekong, the Mekong in northem­
most Siam, and the vie in i  ty of  Ch. Ra i .  Accord ing to \V AR. SMYTH g old 
is a lso found <J t Lop B uri , near M.  Boua Soum (west of the Don Pi a Fai 
range) and N .W.  of M .  Nan . 

S i l v e r  seems m ostly to be obtained from galena  ores, though the 
natives often declare i t is from « pure » silver o re . They spoke of  s u ch o re 
as occurring i n  the neighbourhood of N.  Pat (see p. 86) and at a p l ace north 
of  M. Loye . In Ch .  Kan I got a samp le of a fahlerz (analysis see p .  84) .  

L e d. Galena seems to be rather common in Siam , but  probably 
most o f  the deposits are quite unimportant . The newly discovered depo­
s it  at Canbu ry (see p. r 1 4) and Hinlap (see p .  69) ha ve already been 
mentioned . Some other p laces are : near Outarad i t ,  N.  Pat, Ch.  Kan at 
several p laces (see p.  84) and in the  M. Loye d istrict ,  accord ing  to WAR.  
SMYTH al so n ear  M. Boua  Soum. The  samples I ·  got  we  re  a l l  rather poor 
in s i lver. A connection between these depos i ts and in truded igneous rocks 
seems to be probable. 

T i n . Besides the Malay pen insu la there seem to be numerous p laces 
up-country where al luvia l  t in occu rs, but no work i s  carried on as far as 
I know.  Tin i s  reported from the M.  Loye distri ct ,  near Ch .  Rai ,  N. Pat { ?) ,  
Ch .  Kong, Lampang ( ?) ,  a .  o .  No inrl i genous tin i ndu stry exists , however ,  
nowadays among the Laos, but Budda - images etc. of tin are common . 
The occurrences of tin i n  upper Siam m ay be connected with the  numer­
ous granitic intrus ions.  

A n t i m o n y. Sametimes I was shown samp les  of  the ·  ore as weil  
as the meta ! ,  but where they came from was kept secret .  A great 
deposi t was spoken of as occurring in  the vic in ity of Lam pang. Antimony 
is known from many places in  the French colon ies ,  but not in commerci-



r r 6 BERTIL HÖGBOM 

all y paying quantlt ies. Mc. CARTHY ( loc. cit . ) says that M. Tering ( = M .  
Tern ?) i s  known for « the working of  antimony, which i s  found there i n  
!arge quantities >> .  

W o lfr a m i  t e  i s  known from the regions along the coast, and I have 
also seen a sample up-country. 

C o p p e r. Besides at Chanteuk (see p. 69) and Raheng occurrences 
are reported : near N .  Pat (see p .  86) , Ch. Rai (see p .  95 ) , at two places 
near M .  Loye, Lampang (?) etc, W Al{ . SM YTH also marks copper mines 
on his map S .E .  and W. of M.  Nan .  The natives seem no  longer to 
work copper at all ,  but previous ly they did so, certainly chicfly for making 
statues of Budda.  

The copper ores here, as wei l  as i n  the French coloni es, may have 
the character of contact ores. 

A r s e n i c  mineral s may be mentioned as a curiosity from B.  Hoei Tat 
(see p .  8o) ,  they are contact deposits to a quartz-dior ite .  

I ro n .  Besides the generally abundant common laterites, there are 
such , partly changed into hematite, and also manganese-bearing ones (see 
p .  81 ) .  Bu t real i ron ores are obviously not i n frequent in Siam. Some I 
visited at M. Loye (see p. 78) and one at N .  Pi (see p. 7 5 ) .  From Ch. 
Kan,  M.  Loye - Makeng, the neighbourhood of  M .  Pre , Ch.  Kong etc . iron 
ores were also reported. As to the quantit ies of  these ores very little is  
known ,  as a l so of the i r  geologica l mode of  occurrence. Those of  M. 
Loye and N .  P i  are J im i ted to the pre-Carboni a n ,  metamorph ic  rocks ,  
where igneous rocks also appear ; they do not  seem , however, to be directly 
connected with the latter. The quality i s  general ly good ( for  analyses 
see p .  7 5 ,  78, 8 2 ) .  

Nowadays the nat i ves do very l i tt le iron m in ing, and i t  i s  doubtful  
wether even in t i mes past they could supply their  own wanls of the meta! . 
The iron they produced was of good qual ity, however. It i s  not to be 
expected that i ron mirring in Siam wil l  ever become profitab le  in the near 
future, perhaps not even i f  good coal was discovercd ,  which wou ld  rende r  
i t  poss ible t o  melt i t  i n  t he  country. 

C o al .  As the natives have no need for coal - except a l ittle 
charcoal - it is not therefore I ikely to attract their attent ion .  It i s  
c all e d  « the blood of  the great sea-serpent » .  Very probably coal o r  l ign ite 
o cc urs in Siam ; in the ne ighbouring countr ies i t is  known in  th e Triassic 
as  weil as in some continental Carbonian beds. At the easlernmost part 
of  the Korat plateau ,  near Bassac, it has been discovered by French 
explorers, but in the western part it is not found ,  though a deep boring 
has been made near Korat .  I d id not  discover any coal layers or loose 
pieces in the river beds. In the folded di stricts of northern Siam I heard 
o f  coal in a few places : N .W. and S.W. of Ch.  Mai  ( « b rownish coah ) at 
B. Soung, not far from M. Pre, at Lampang (? ) ,  near Ch .  Kong (at this 
p l ace ,  itsel f, however, the people said they did not know of  coal) , and 
i n  the upper Mekok (analysis see  p .  95 ) . 
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If coal of  samewhat good qual ity and of i mportant extension were 
d i scovered near the railway or the coast, it could probably be worked 
with profit, here as weil as in  the French colonies and Burma, because 
prices run high in  Further Ind ian harbuars,  where ch i efly English coa l  
and rather inferior Japanese coal i s  imported. 

A s p h a l t  occurs at M. Fang (see p .  96) , previously rumoured to be o i l .  
Real oil -fields are  not  known i n  Siam.  

S a l t effloresces and i s  col lected on the Korat plateau (see p .  7 I )  
and is characteristic fo r the red sandstone seri es, which i s  probably of  
Triassic age. In the mountai ns  sa l t  wel l s  are not very uncommon (see 
p .  76). 

P h o s p h a t e s  containing some saltpetcr seem to be common in the 
caves, which are abundant almost everywhere in  the l imestone districts 
( analysis see p .  83 ) .  The phosphates a re used by the natives for extract­
ing saltpetre for their gunpowder. The orig in  of  these deposits is not 
quite certain ,  but they may probably be considered as g·uano.  -

If S iam wi l l  ever become a mining country of importance i s  a ques­
t ion that can not of  course be sett led y et ; the tirs t condition , however, i s  
that the means o f  communication a r e  developed and  that the country i s  
opened up  and  surveyed .  The rai lways now  existing are not un important, 
but for m in ing they are of  less use as they pass almost exclusively over 
the pla ins ,  these being the rice di str icts and most densely populated parts 
of the country. To this l ack of railways over great parts of the country 
must be added the lack of roads. Transport has to be effected expensi ­
vely by means o f  carriers, bu l lock- , mule- or ponny-caravans ,  or in some 
regions e lephants, which also is rather expensive. I t  i s  only on the Korat 
p lateau and in some parts of  the Menam plai n that bullock-cars are used,  
and they are o f  the most primi tive construct ion .  

There is scarcely any intercourse between the rice cultivating popu­
lation, and the topograpby  and the tropical vegetat ion are severe obstacles  
to travel l i ng  a long the rough tracks . As  an example of how bad the  
communications are ,  can be mentioned that  a bul lock caravan from Outa­
radit to M:  Loye can hard ly cover the distance i n  l ess than a fortnight, 
though as the crow flies i t  is only 1 60 km. 

It should ,  however, be ment i oned that the Siamese government has 
made very praiseworthy efforts to improve the road system,  but the · results 
can hard ly be great as long as there is  no real demand for roads on the 
native populat ion.  The « new-cut»  roads also are mostly broad cl earings 
through the j ungle, nmning without rnuch consideration for the topography 
and they are not at all convenient for vehic les .  Bridges are also very rare . 

A l l  transport i s  regulated by the seasons, some regions, e .  g. the 
Korat plateau ,  not bei ng  passable at the rainy season , when the ri vers 
become difficult to wade.  In the dry season, on the contrary, water fa i ls  i n  
many p laces, and  then most of  the rivers are too  shallow for navigation . 
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As to the river transport it may be said that 1t Is mostly carried on by 
rueans of dug-out canoes only, except on the lower reaches of the Mena m 
system. Since the French have made costly efforts t o  make the Mekong 
more navigable ,  this river is now used at high water by small steamboats 
to Luang Prabang, and thus relatively good communicat ion with some 
parts o f  Siam is provided, e .  g. to  the N. Loye - Ch.  Kan district . 

A question of great importance i s  how to obtain good m iners, be­
cause one can hardly count on the Siamese or  the Laos, both lacking the 
qualities o f  industry and perseverance.  Here, as  weil as on the Malay 
peninsula and in the French colonies in the west, Chinese coolies are 
certa inly the on ly labourers to count on. A t present their wages are 
about r sh. a day. 

In Further India i t  has been found very d i fficult to get the European 
experts necessary for all mining industry, except the t in-washing,  which 
is  weil managed by the Chinese. This i s  partial ly owing to the bad 
c limate, but it is also due to the fact that the Europeans still are too few 
and i solated . 

Remarks on the Physiography. 

Notes on insolation and weathering phenomena. 

In these latitudes the influence of insolation would be very strong, i f  
a d ense vegetation d i  d not general ly  she l ter the rocks. Traces o f  arid wea­
thering are, however, o ften perceptible, especially in the sandstone d i stricts, 
which are com paratively dry and lacking in shade owing to the fact that 
the vegetation consists o f  Dipterocarpace;e and other defolia t i ng trees. The 
material is also rather l iable to crumble into pieces and thus desintegrates 
by the weathering. Thus in places more exposed to the sun weathering 
phenomena resembling such as occur in  deserts appear on rocks and 
boulders, viz. desquamation and development of  hollow-weathering. As 
has been mentioned, it is  especially the sandstones that show these phe­
nomena, but I have also observed the same on  grani t i c  rocks and I ime­
stones.  

The desquamation ,  owing to the contraction and expansion eaused 
by insolation ,  does not occur on any great scale here , or  give rise to 
special mountain forms. Bu t on a smaller scale the effect of the insolat ion 
i s  to be seen almost everywhere . The superficial parts of  rocks and boul­
der.:; are generally half broken off as scaly flakes and crusts. Limestones, 
generally less l iable to desquamation and similar effects of insolation ,  I 
have also seen affected by it occasionally. From same precipitous lime­
stone rocks I once saw a few,  thin flakes peel off leaving a light-coloured 
spot on the dark surface of the rock. These flakes were not bigger than 
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one o r  two squaredecimeters and hardly thicker than one centimeter. 
Such weathering, tagether with the dissolving of the stone by water, may 
explain the rounded forms, recall ing water-worn surfaces, that this kind of 
rock often shows, even where running water does not reach it. 

Insolation works in this way on a small scale even where the rock 
is  exposed to the sunl ight only occasionally, and the effects can even 
somet imes be seen in rather dense forests .  The influence at work is the 
sudden and repeated alternation from sun-heat to shade, and also the co ld 
of  the n ights at the beginning of t he dry season ,  and of heavy rains, giving 
contrast to the hot days. 

One effect of  the hot e l imate that is akin to desquamation, is the 
remarkable weathering out o f  certain parts of  the rocks, which remain as 
loose boulders on tne soil - something rather characteristic of tropics 
l ike Siam. Granit ic rocks afford the most pronunced exarupies of the 
phenomenon, and the ground is  often covered with scattered loose bou l ­
ders, Jooking like erratic blocks. Where the  granite i s  banked , t he  outcrop 
of  certain harder beds can give rise to rather morain-l ike ranges o f  such 
boulders, which are sometimes piled up on each other. 

In fresh - cut sections, e .  g .  at the edges of  ravines or at places where 
a well-trodden bu l lock path erosses the river banks, the crumbled banks 
contain boulders of half embedded, more resistant parts. On a larger 
scale I have seen the same thing on the edges of the table-mountains o f  
the Korat plateau ,  the steeps of  which a t  some places show huge pil lars 
and boulders. 

More as a curios i ty ,  but also as an example of the power of the 
insolat ion, one phenomenon may be mentioned ,  which, as far as I know , 
has not been described before. It was a kind of  polygone structure on 
the surface o f  sandstone rocks, and struck me rather forcibly as it  re­
minded me of a peculiarity of arctic soil . Here I met with it in several 
places, but more fu l ly developed at the surface of some slabs near the 
path to B .  Na Hin ( in southern Luang Prabang, French Laos states). The 
surface of  the rock was ornamented with a network of shallow eraeks and 
scores, arranged in regular hexagonals of  about 2 dm. in d i ameter. Be­
cause of the weathering these c racks, on ly a few millimeters deep ,  were 
not quite sharp, but still very d i stinct. The likeness to the Arctic struc­
ture-so i l  lies in the ev ident tendency to the hexagonal shape of  the meshes 
i n  the net, that is to say the shape for polygones, lying adjacent to each 
o ther, that i s  nearest approaching the circle, in this case , however, in solid 
stone, not in l oose mud and gravel .  In their regular form l ies an obvious 
difference between them and ordinary drying-cracks in  loose material ,  
which always run irregularly. That they were not fossil drying-cracks 
is  also beyond doubt as the surface of the rocks in question did not 
earrespond to the stratification .  Here one must suggest a work of  insola­
tion, by means of  strong changes of  the temperature, eausing expansion 
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and contraction in the superficial parts of  the rock. Even if they where 
not real eraeks they offered certain Iines o f weakness to the weathering .  

On some river beds ,  especially at  the Mekong between Ch . Kong 
and Ch. Sen , I noticed that the rocks, chiefty consisting of  sandstones ,  
shists, granites and other igneous rocks (see p .  93) ,  were covered with a 
black, lustrous, ferruginous or  manganese crust, stand ing out against the 
white sandbanks. It seerus as i f  sun and water tagether produced this 
superficial covering of the rocks as in true desert regions. 

Efflorescences of salt (NaCl)  are rather common on the Korat plateau 
in  the dry season as noted above. As the Triassic sandstones are strongly 
salt-hearing ,  a very dry and hot elimate is not perhaps necessary to cause 
the salt come out. The el imate of  the Korat plateau is ,  besides, not a 
desert el imate at all ,  the mountain ranges , shown surrounding it on  the 
maps, do not exist, and even where its borders are samewhat hilly, the 
h ills do not attain any height to render them climate·barriers. Nor are 
the «salt plains»  of  the Korat plateau real ly  dried up, undrained depressions ; 
on the contrary, vast areas are quite inundated in the wet season,  and 
the salt plains are said to be good rice fields .  It must, however, be sug­
gested that in the dry season the drought m ust be very strong to draw 
up the salt to the surface from deep down. When the first rains are 
coming, the absolutely dried-up soil absorbs the water and the salt at 
once, the latter thus not  being washed away by subsequent rainfal l s ,  the 
water o f  which can more readely run off the surface. 

Notes on the Orography. 

The correspondence between the tectonics and the morphology i s  
even less 1narked than one  would expect ; thus the  landscape features o f  
the mountainous table-lands, for i nstance, and the fol ded distri cts are not 
very different. Though on a doser examination it  i s  not difficult to  recog­
nize e .  g .  the Korat plateau as a table·land ,  the general appearance of i t  
i s  that o f  a t1  a l luvial p la in ,  inasmuch a s  the rivers have not c u t  down inta 
it and exposed the layers, but have, on the contrary, deposited sand 
and s i lt .  On the higher parts of  the p l ateau too , the table-charaeter of  
the mountains is little marked . When seen from a distance, with their 
gently undulati ng  contours, reaching about the same height, their true 
character i s  more obvious. But  on the place itsel f, the general features 
are less appreciable, because they seldom show flat top and sharp- cut, 
steep sides. Probably the same fact  is generally the case with other 
well-vegetated countries l ike Siam . The common idea o f typical table­
l andscape may in reality be obtained from desert or  arctic regions, where 
the destruction on account of tempera ture-changes,  insolation or frost, i s  
very strong, and were the loose material can be  carried away by the wind, 
running water, glaciers or soil - flowing. 
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In Siam such abrupt edges of the plateau mountains are seldom, and 
then only more locally, developed. I met with some south of  Korat and 
east of  Outaradit, where the steep sandstone precipices al so presented , on 
a small scale, something of  the typical desert configuration on naked rocks , 
such as rounded cliffs,  and isolated outposts, etc . The Iong steep edge 
of  the Korat plateau itsel f against the low-lands of  Cambodj a  accordi ng 
e. g. to GARNlER ( loc .  cit . ) seerus to be a well-developed table-margin of that 
sort on a greater scale ; probably, as mentioned above, eaused by a great 
fault . 

In regions of  folded layers, more resistant banks occasionally form 
ridges at their outcrop ,  thus marking  the tectonics topographically. Often ,  
moreover, one  of the slopes of such  a rid ge  earresponds to the  di p of  the 
layers, the other, somewhat steeper slope cutting  off the outcropping beds .  
But in general the topography gives very few indications as to the tecto­
n ics ,  and much less can be gained on the m aps, as they do not give a 
correct idea of the landscape. Thus, even the great features of the folding 
I ines  can seldom be seen from the maps, where even mountain ranges that 
do not exist a re indicated . As pointed out before, the last Siamese ed i t ion 
contains fewer errors. For the morphology the k ind  of rock is often of  
more importance than the tectonics, especially in the  details . Thus we  
may mention some peculiarities, occurri ng  i n  connection with the more 
important rocks. 

L i m e s t o n e s . Especially in the neighbouring  states , but a lso i n  
Siam, traveliers have noted the Karst-like landscape with d isappearing 
rivers, caves etc. and the sharp and striking shapes of the l imestone 
mountains. It is especial ly the mighty Permo-Carbonian l imestone series 
that occasion such striking landscape features, with isol ated crags and lofty 
peaks, or vast highlands with narrow valleys and abmpt borders (the so­
called « plateaus » of the Burmese Shan-states, of Annam N.E.  of the 
Mekong  a .o . ) .  Sim i lar extensive h ighlands I also met  with in Siam, e. g. 

in the north-western parts of the country, where they probably form the 
continuation of  the << Shan-plateau >> ;  and N.E.  of M. Loye I found another ,. 
more isolated district of  the same character. 

When these l imestone series are upraised and intercalated with less 
resistant shal e beds, the mountains become very pecul iar, for exarup ie 
those of P ra Bat .  S .  W. of  the Me Pin g ,  st iff, naked rid ges, showing the 
stratification very cl early. But often this formation is quite homogeneous ,  
and then the stratification i s  very obl iterated , even in  the best cuttings, as 
for example at Ch.  Dao and further to the north, to\vards M .  Fang. There 
it is  difficult to detect the dip, but, as the isolated l imestone peaks do not 
form a straight-lined series, they may be outposts of  more horizontally 
ayered beds,  and not parts o f  outcropping beds .  

The farnous Doi Ch. D ao ,  2,400 m .  in  height ,  is a very good example 
of  the limestone mountains ,  with its mighty body rising perpendicula rly, 
and its isolated peaks and offsets, as shown on the contour-sketch, tig. 7 -
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A very characteristic l imestone landscape i s  also shown in fig. 6, 
taken from the watershed north of  Ch. Dao.  Of the more uninterrupted, 
plauteau · l ike massives ,  fig .  4 ,  may be consi dered representative. 

In Siam ,  and also in Annam (e. g .  near Luang Prabang) the highest 
mountain s  are general ly bui lt up of l imestone .  If this is  so in the case of  
Do i  Intanon ,  the  h ighest peak o f  S iam ( 2 , 5 7 5  m. above the  sea), I do 
not know. Along the coast of  the lVIalay pen insula ,  lofty l imestone peaks 
o ften remain as is lands. 

Forests cover the highest mou ntains of Siam, if they are not too 
precipitous or too dry. Only on the mountains in northernmost Siam did 
I meet with pine forests i n stead of  the tropical vegetation.  

The explanation o f  the great resistance to weathering that the I ime­
stones are able to offer must be that this rock i s  very homogenous and 
compact, and thus less l iable to crumble than grained rocks. This fact, 
tagether with the jointing ,  may also contr ibute to the forming of  the pre­
c ip ices and fantastic peaks of the l imestone mountains .  They do not give 
rise to accumulations of  talus and debris ,  perhaps such products chiefly 
passing away in  solut ion.  Owing to the fact that such mountains in  that 
way do not become covered by loose products they can keep their naked , 
stiff forms .  North of  Ch. Dao,  and also at Doi  Ch. Dao itself, almost 
quite uneovered precipices reach down to the pla in itself, and only a few 
boulders, broken down from the wal ls ,  are found at thei r feet. As pointed 
out before such precipices are o ften draped with dropstone, a circumstance 
that also shows the resi stance and age of the i r  present forms. 

Caves are very common in the l imestone  districts. They are often 
h�ld sacred ,  and adorned with statues of Budd a ;  pi lgrims sometimes come 
to visit them from great distances. As mentioned above (see p. 83)  they 
also are of value to the n atives, who get salpetre from phosphate deposits 
in them.  Some of the caves are certainly very extensive and ramified, 
e .  g.  the one at Doi Ch. Dao .  An old man told me  that be  had lost 
h imself in  it and walked about for three days. 

The caves seem to occur along certain geological levels ,  as , for example 
at B . Na Or (see p .  83) ,  where I saw a series of  seven caves in a I ine 
conformingly to the dip of  the strata. In such cases one may suggest 
the presence of  less permeable layers, over which the water has to find 
its way. At Ch.  Dao and in the Jimestone b ills towards lVI. Fang in  the 
north , the caves issued just at the foot of  the hills, probably from the 
bottom layers immediate ly above the underlying,  pre·Carbonian formations. 

Most o f  the caves I saw were dry at the bottom, and many were 
situated high above the leve] of the present  drainage system ; only the 
ca ve at Ch. Dao had a small streamlet issu ing from i t .  Bu t at other places, 
I was told ,  rivers disappear into them.  Mc.  CARTHY (loc. cit . p .  1 84) 
describes a cave in the neighbourhood of Luang Prabang, where the Nam 
Ngum is  subterrancan for a distance o f  500 m. Similar phenomena are 
known also from the Burmese s ide .  
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Generally the caves are beautifully draped with dropstone, and the 
same phenomenon is also o ften seen in the case of the steeps of the 
mountains .  

Though the limestone districts generally bui ld up the most considerable 
highlands, i t  does not seem to be the rule that they constitute the water­
sheds, probab ly because of  their <<Karst» -nature. Moreover, the courses of 
the rivers may have been determined before the topography got i ts pre­
sent features. 

V a r i o u s  o t h e r  s e d i m e n t s  a n d  s h i s t s .  Most of the other sedimen­
tary formations, as wei l  as the shists do not show any pecu liarities as to 
the topography. It is even hardly perceptible that, e .  g. shales and such 
softer rocks are less resistant than the more solid and strong sandstones . 
Probably the latter are more l iab le to crumble into pieces as they are more 
grain-textured . Therefore the rocks under the heading above, do not show 
any characteristic topographical features, or any marked correspondance 
to the tectonics. In most cases the b i l l s  and mountains composed of  these 
rocks have very gently s loping contours, and they are general ly of a 
rounded or conical shape, characteristic for a rnature landscape. 

Sametimes the conical shape of  such bi l ls is very pronounced, as is 
shown e .  g. in fig. 3 · 

T h e i g n e o u s r o c k s do not show mu ch of i nterest from this point 
o f  view. As they are more or less grained and often also pyritic, 
they easily d isintegrate .  Generally igneous dykes are not at all marked in 
the topography, nor do the more extensive eruptive bodies bui ld up any 
prominant heights . The greatest granitic massive I met with - the one 
east of M.  Fang - however, forms a considerable highland ,  and it also 
forms the watershed between two tributaries of the Mekong, and probably 
also of  the Menam. 

The conical shapes, spoken of above, seem to be n ot l ess characte­
ristic of  the granit ic  bills than of the sedimentary and shistose rocks. 

The rivers and the drainage. 

A look at a map o f  Further India shows us how strildng are the 
paralle l courses of the rivers Sa luen ,  Me kong and J a ng T se Kiang in  
Yunnan,  eaused by the Tertiary folding systems. The Jang Tse Kiang 
begins to run in an irregul arly easterly direction even at 27° Lat. , while 
the Saluen continnes in its previous direction, parallel to the N.S. running 
mounta in  ranges. 

T h e  M e k o n g ,  on the other hand, which is  of  especial interest in 
connect ion with the regions spoken of in  this paper,  continues in its ori ­
ginal direction towards the uppermost corner of  Si am , hut here it begins 
to show some peculiar features i n  its course. At Ch . Sen , on about 20° 

Lat. ,  it shifts over, semingly without cause, to an easterly direct ion ,  and 
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continues this cou rse to Luang Prabang, where rt J oms the Nam U and 
assumes the d i rection of  this river, which runs along the post-Triass ic  fol ding 
Iines which are very marked in th is  region. The above-mentioned  reach , 
running east, cuts the upraised strata right across, and in i ts lower parts 
it has to break through mighty highlands. This  deviat ion of the course 
of  the river is  the more remarkable as the country south of this reach is 
not h igh .  Here the low watershed towards the Menam system l i es very 
close by the Mekong .  On this, the right side the Mekong, is  joined only 
unimportant tributaries, the most considerable of which, the Nam Kok 
(which j oins  the river j ust at the first curve, near Ch. Sen) ,  shows an ano­
malous deviation corresponding to that of the Mekong i tsel f, i t comes from 
the north and has to shift over to an east�rly direction . As a ma tter of 
fact, that may perhaps have someth i ng  to do with the deviations of  the 
rivers spoken o f, can be noted that the Saluen shows a considerable 
westerly deviation which occurs at  j ust the same latitude as the bend o f  
t he  Mekong. 

As mentioned in a previous section ,  we have h ere, as I shou l d  sug­
gest, i nd ications of  the existance of you ng,  E.-\V. running faults ,  and 
probably i t  is not mere chance that the basalt  of  Ch. Kong and the sol ­
fataras near Luang Frabang occur j ust at  th is sharply deviated reach of  
the  Mekong. A lower E.--\V. runn i ng  part o f  the same river, perhaps due 
to something else, begins on I 8° Lat. As poin ted out  in a p revious sec­
tion (see p.  1 06), two different d i recti ons of the strike are observed in these 
regions, which may be considered to be of  d ifferent ages. The zig-zag 
course of  the river here has perhaps somethi ng to do with these two direc­
tions of the strike, but i f  such a conformity can be  shown in the river bed 
itse l f, I do not know. As it  is at present , the Korat plateau should offer 
no great  hin drance to the river' s continu i ng  straight down to the south ; 
but,  on the other hand ,  runn ing in  the direction it does ,  the Mekong has 
n o  h ighland further down to break through. 

Below this reach the Mekong again turns in a direction along the 
common strike of the mountain ranges o f  Annam , t i l l  i t  flows out i n  the 
delta of Cochin-Chin a. 

T h e  T r i a s s i c  p l a t e a u s  o f  Korat and the lower Cambodja  p la in  
present some noticeable drainage condi t ions .  

The whole Korat plateau drains estwards to the Mekong chiefly th rough 
the Se Mun and its many tributaries. I f, geologically, the p lateau really 
has the great extension towards the west that I have suggested (see p. 72) , 
the only exception will be the Nam Sak, which flows i nto the Menam.  
S imilar is  the case with the  dra inage o f  Cambodja ,  where a l l  the waters 
flow to the great lake Ton Le Sap and its outflow into the Mekong.  The 
sharp watershed between the two plateau districts just narned is rather 
remarkable ,  formed as i t  i s  by the southern egde of the Korat plateau 
only, the so·cal led Pnom Dang-rek 
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On the M e n a m system less is to be sa id : i t consists of several 
tributaries about equal in length , draining the depression left undrained 
by the Saluen and the Mekong systems. The t hree most important o f  
these tributaries j oin a t  one  place, Paknam Po ,  j ust before they reach the 
half.submerged limestone range, which runs in north-westerly direction from 
Don Pia Fai . No remarkable irregularities in  their courses are shown , 
except their deviation at the same latitude as the lower Mekong curve 
occurs ; and this i s  perhaps only accidental .  I f  here, too, it were a case 
of  a fault-l ine there would probably be three such ones, running in the 
same E.vV. direction, v iz .  that of  the upper Mekong curve, this of  the 
l ower Mekong curve,  and a th ird one along the southern border of  the 
Korat plateau. 

I n t e r m o n t a n e  p l a i n s . In many places in upper Siam the valleys 
widen out to real plains of  considerable extension.  vVhen one travels over 
them , especially in the hot season , as I did,  one finds that the haze con­
ccals the surrounding mountains ,  and one might imagine one was passing 
over  the vast al luvial plains of lower Siam. They are scarcely notice ­
able on the maps,  as the topography i s  too exaggerated on them to a l low 
room for any plains ; and where rather narrow valleys are m arked,  the 
rivers in  reality often wind over broad plai ns,  not seldom several tens o f  
kilometers in  w idth .  

As exaroples of  some more important intermont ane plains that I 
passed over on my route, can be noted : t h o s e  i n  t h e  v a l l e y  o f  t h e  
M e  P i n g ,  a s  e .  g .  t b at o f  Mai and that o f  Ch .  Dao ; t h o s e  b y  s o m e  
t r i b u t a r i e s  o f  t h e  M e k o n g  as  e .  g.  those of  M .  Fang, Ch. Ra i ,  Ch. 
Sen, Ch. Kong, M .  Loye- Ch . Kan ; t h o s e  i n  t h e  u p p e r  M e n a m  v a l l e y  
a s  e .  g .  that o f  M .  Pre and that o f  M .  Nan etc. The two sketches fig. 
3 and 4 ,  are from such a pla in ,  - that of  M. Loye . These plains appear 
as ordinary a l luv ial plains, but they are not uni nterruptedly connected with 
the great delta lands. And the differen ce between these two kinds of 
plains i s  thus that the intermontane ones are eaused by a damming-up 
threshold,  that has the same checking effect as the sea at the  outflow at 
the com mon delta pla ins. 

It seems probable that also the upper parts of the extensive,  ramified 
Menam plain are to be considered as such in termontane pla ins ,  inasmuch 
as the limestone range that runs along the Me  Ping towards the south­
east erosses the plain ,  and it seems as i f  the river system were not enti­
rely unaffected by it ,  though the same seems to be submerged. A look at 
the map shows how the three chief branches of the r i ver a l l  j oin at Paknam 
Po, j ust where it erosses this range, and above this place they meander 
and ramify ,  giving to the country the character of  a true delta land. N o  
rapids o r  torrents, however, mark any treshold here,  and the range i s  
only marked b y  small ,  isolated hi l locks, standing out over the plain .  

The origin of  the i ntermontane pla ins i s  not easily discovered. Proh­
ably they may be tectonic basins, filled with alluvions. However, in 
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many places (especially at the gold-wasbing places, where I had more reason 
to make closer examinations)  I found that the rock-ground was not far 
below the surface and very often solid rock was seen in the river banks , 
without being in vie w at the surface of the fl at close by. Thus, in general, 
these plains do not seem to be real basins - at least not today, or the 
thresholds should be eroded down to about the flat bottom of the basins .  
U n less on e suggests the existence of  flat tectonic depressions ,  on e must 
explain these plains  as being eaused by the side-erosion o f  the rivers and 
their tributaries, which have to pass over res istant th resholds further down, 
presenting during Iong periods a practically eonstan t pass-height. But 
the relation of the plains to the characte r of the rock-ground ,  necessary 
for such an  origin, i s  not yet discovered. In favour of  it we can on ly 
point to the presence of a seemingly flat  rock-ground .  

As  the rivers often meander over these plains and do no t  cu t  down 
into them it can be understood that the eroding of the thresholds has 
now practically ceased.  Exceptionally I have been able to trace the rem­
nants of  olLier r iver planes, situated at a few meters above the p resent 
h igh-water l eve! . Such observations would thus indicate a slow sinking o f  
t he  river bed, because of t he  progressive s inking of  t he  threshold .  I ob­
served these oleler planes in the v ici n i ty of Outaradit ,  and at M. Tern (in 
the northernmost corner of  Siam). 

The thresholds of  these plains are marked in the r iver course by rocky 
obstacles, eausing rapids and torrents. The fierce rapids of the Mekong 
are we i l  known, as they form a great obstacle to navigation .  Another 
example of  a ri ver breaking through a high land is the Me Ping, where 
it penetrates the mighty l imestone m assive south of Ch . Mai. Here a 
canon-like passage, more than I ,000 m .  deep,  is eroded, as related  in a 
previous section (see p .  r oz ) . The almost perpend icular walls of this narrow 
vai ley show the considerable work the streaming water has had to achieve .  
I t  seems as  i f  the  soluting power of  the water has  also taken part in this 
work. Often the r i ver has cut hal f tunnel- l ike excavations at places where 
the stream is turned by the rock-preci p ices ( see fig .  r o) . 

Land-rising. 

Some authours have suggested a recent nsmg of the coast round 
the Gol f of  Siarn ,  e .  g.  W A R .  SMYTH , 1 who ment ions that som e har bo u rs 
are gett ing shal lower .  I t is , however, q uest ionable if that i s  not eaused by 
s i l t ing up only. In other papers I have not found  any clear evidence of  
the  r i s i ng  of  the land ,  in the  form of  marine deposits or  shore I i nes  etc . 
above the present sea- leve! - proofs that ought not to be d i fficult to  
lind ,  i f  they existed. 

1 WARINGTON SMYTH . Five Years in Siam , 1 8 9 1 -96. Lon d o n  1 898.  
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SUESS (loc .  cit . ) ,  who gives a summary of the changes of level, has 
also come to the conclusion that nothing is known to prove such rising 
in the golf of  Siam .  He also points out that the constitution of  the 
Mekong delta shows that no noticeable elevation can have taken place in 
recent times. Nor have I been able to find any traces of  noticeable change 
in  the level of  the Menam delta, though I had my attention called to the 
matter.  I had, however, no opportunity to visit the coast, wich of course 
is the best place for making investigations  of this nature. 

The Menam delta, which i n  my opinion ought not real ly to be rec­
koned as extending further upwards than to the erossing over limestone 
range below Paknam Po, has sti l l  at its proximal part the character of a 
true delta land ,  with numerous rueandering branches . Here, too ,  the river 
was said to inundate the surmunding plains at high water. And, for the 
rest , it  has not cut down deep into the delta land, as it ought to have, if 
any noticeable rising of the land had taken place. Here , more than 200 
km. from the outflow, the height above the sea-leve! is only 26 m. I could 
nowhere trace older ,  and higher delta planes. Nowadays the delta grows 
very slowly on ly, the addit ion of  new land at the edge being hardly per­
ceptible .  The same thing is indicated by the history of Bangkok, the exi­
stence of  a permanent bar at the river-mouth a .  o .  Thus the upper parts 
of the delta rnay be considered to be very old . 

In the matter of  the history of the Menam delta some deep bori ngs  
existing at Bangkok might certainly have afforded interesting  information .  
I heard about fossil wood or  « ligniteS>> ,  mar ine  mol lusks etc .  that are 
said to have been met with at considerable depths, but I had no  oppor­
tunity o f  getting  further information from these borings. 
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Remarks on the map, Plate I. 

I have drawn this map according to my OvYn observations and in correspondence 
to the geology o f  the surran nding countries, the Mala y peninsula and the s o  u theastern coast 
of  Siam as given b y  DE LAUNAY. I have,  h o wever, not  kept his distincti o n  of  older pre­
earbani a n  formations  for the s ontheastern p arts of Further India (the « Cambodja massive ») .  
These regions continne the strike o f  the pre-Carbonian (« Silurien et  Devonien»)  o f  the 
n orthern districts, separated fro m  these only by the discordantly superimposed Triassic  
plateau. 

As already memioned,  I m ust make the reservation to the designatio n  « pre-Car­
b onian » ,  that very pro bably there occur among these folded and generally presse d  layers 
strakes of younger, not  yet recognized form ations. 

Less the recent basalts, n o  igneous rocks have been marked o n  this map, as  they 
generally are o f  more l o cal extension, and the knowledge of  their distribution is unsatis­
factorily k n o wn. 

Printed 20/G I9IJ. 
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