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Résumé

Le plateau Shan occupe environ 600 x 500 km dans l'est du Myanmar. Situé au-dessus de 1000 mètres d'altitude, il est largement constitué de carbonates paléozoïques et mésozoïques, parmi lesquels se trouve une grosse proportion de dolomie secondaire. Dolomie et calcaire donnent lieu à des paysages karstiques très différents. La dolomie produit des reliefs arrondis en creux et en bosse, drainés par un système fluvio-karstique. Le calcaire montre des formes classiques de ces régions, avec de nombreuses dolines. L'escarpement du plateau donne lieu à des vallées qui s'approfondissent en gorges, avec parfois de gigantesques chutes d'eau précipitant des travertins.

Les cavités sont encore modérément connues malgré plusieurs campagnes d'exploration. La plus longue, Mundewa Guh, développe 1770 m explorés. La profondeur maximale atteinte est de -70 m.

Abstract

The Shan Plateau is approximately 600 x 500 km large, in the eastern part of Myanmar. Located at an elevation in excess of 1000 m a.s.l., it is largely made up of Paleozoic and Mesozoic carbonate, including a larger part of secondary dolomite. Dolomite displays round-shaped landscapes in a fluvio-karst setting. Limestone shows a characteristic morphology with numerous dolines. The scarps around the Plateau determine high waterfalls –with common travertines- along progressively deepening and narrowing valleys. Caves are moderately known despite several exploration campaigns. The longest explored distance in a cave is 1770 m in Mundewa Guh near Taunggyi. The deepest cave is -70 m.

Cave exploration in Myanmar started in the Nineteenth Century and was conducted sporadically (Mouret et al, 2003). In the late 1980's, mainly Australian cavers spent efforts in the country for some time (Dunkley et al, 1989). In 1995 and until august 1998, the author and his wife restarted cave exploration (around 25 caves mapped): they investigated regions as diverse as the Hpa-an and Mawlamyine (Moulmein, NB-traditional names are between brackets) areas in northern Thanintharyi (Tenasserim), the southern part of the Rakine (Arakan) Mountains, the Central Plains (man-dug caves in Bagan (Pagan) and near Monywa), the edge of the Shan Plateau from the North of Mandalay to the region of Kyaukse, the Mogok region, and the Shan Plateau. On the Plateau, were explored the areas around the cities of Pyin-Oo-Lwin (Maymyo), Lashio, Muse, Kalaw and Taunggyi, and a number of other, spotty, areas (Fig. 1).

During the late part of 1998, another exploration campaign was conducted by Philippe Bence, Florence Guillot and Stéphane Maifret, based on one hand on information provided by the author and on the other hand on their own reconnaissance work. In this sense, the two series of work are fully in the continuity of each other.

General setting

The approximately 600 x 500 km large Shan Plateau is 1500 m a.s.l. in average and it reaches 2641 m near the Chinese border. 6 peaks rise above 2500 m a.s.l. and 39 above 2000 m. Besides, the Central Plains are lying at around 100 to 200 m only. So, the famous Shan Scarp is like a nearly 1000 m high wall at the edge of the plains. Rivers commonly show deep falls and gorges behind the Scarp and along the incised part of their upstream valleys (as around Pyin-Oo-Lwin for instance). The longest canyon on Earth is on the Shan Plateau, along the Thanlwin (Salween) River; it trends North to South and it is located in its central part. More radial river patterns are present along the Shan Scarp to the West and along the Northern edge around Mogok.

The surface of the Plateau is the result of a long geological and geomorphological evolution over tens of  million years, as discussed further below, with a likely significant thickness of eroded sediments. 
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Climate

The climate seems to be known at a limited number of measuring stations. Accessible data is scarce, though it is sufficient to characterise the Shan Plateau at the edge of the dry belt of the Central Plains. The Plateau has a dry season from November to May, which is cool up to mid-March then hot up to May. The rainy season lasts the rest of the year, with an intermediate temperature which is due to the large degree of cloudiness. 

Two stations can be used to illustrate climate characteristics in the studied area, i.e. on the western part of the Plateau. At Taunggyi, the average yearly rainfall depth is 1518 mm, to be compared on one hand to the 2677mm at Yangon (Rangoon) near the coast close to the Ayeyarwady (Irrawaddy) delta or to the 4759 mm at Mauwlamyine (Moulmein) on the rainy coast line of Andaman Sea, and on the other hand to the 600-700 mm in the dry belt of the Central Plains. Temperature can drop down to a few degrees Celsius, even zero, during the night from December to February, though it can reach 25°C during the day. In April, it can rise up to 35°C and does not drop below 20°C at night. 

At Kalaw, rainfall depth is in average 1323 mm per year (min. = 942 mm; max = 2083 mm; standard-deviation = 273 mm). For temperature, equivalent figures are  24.5, 15.1, 32.9 et 3.0 °C.

Wind regime is known at Mandalay, a city at the foot of the Shan Scarp. Wind comes from the North and Northeast from November to January, South-Southeast and Southeast from February to October (Dobby,1950).

Geology

The sedimentary formations of the Shan Plateau start with Upper Cambrian strata overlying metamorphic rocks which are gneiss with cipolinos and micaschists formed under high pressure conditions. Carbonate is present in the Ordovician and some shaly limestone exists in the Silurian beds. However, the bulk of the carbonate on the Plateau is pervasive dolomite that cuts through Devonian to Triassic carbonate, with some isolated limestone remnants. Its thickness may be several kilometres thick, according to some authors (Bender, 1962); at least, it is very thick: in the studied area, the Permo-Triassic alone is said to be more than 1000 m thick. This carbonate is named Shan Dolomite Group, though dolomite is less abundant in the upper part. Its internal structure is poorly known and non-carbonate lateral equivalents may be present at places. Internal unconformities are reported but poorly documented. Old chemical analyses (in Cchibber,1934) confirm the abundance of MgCO3, with a content commonly reaching 29 to 45%. However, genuine limestone is proved with MgCO3 values of 1.37% for example. Density measurements show values of 2.72 to 2.84, which  cover most of the range between limestone and dolomite. Some Jurassic carbonate is reported (Bender, 1984).

Undated Cretaceous is present as red beds. Its distinction with terra rossa sensu lato remains to be clarified. Mesozoic formations participate in the folds present in, at least, the western part of the Plateau. A very long stratigraphic gap lasts up to the Late(st ?) Cenozoic to Quaternary times, though fluvial and lacustrine sediments were deposited in tectonic lows such as the world-famous Lake Inle area.

Tectonics of the Shan Plateau are related to successive microplate collisions during Paleozoic and Triassic times. In the Late Triassic, occurred the Indosinian collision, which made Asia a sutured set of plates. Large deformation is related to the India-Asia collision in the Cenozoic, specially in the Neogene and to the associated right-lateral motion of India vs. Asia in front of the Shan Plateau. It is responsible for the huge uplift and associated erosion which occurred during Cenozoic and Quaternary times. Deep river incisions took place because of it.

Late right-lateral North-South trending normal faults affect the plateau, as along the pull-apart basin which contains Lake Inle. The eastern fault is possibly responsible for the high CO2 contents in Mundewa Guh, a cave which opens along it.

Karst morphology

Carbonate outcrops do not cover the Shan Plateau completely, but most of karst morphology is related to the Shan Dolomite Group. The much smaller cipolino areas in Mogok region (Fig. 1; Mouret, 1998) exhibit some spectacular karst morphology (lapies with pinnacles up to 8 m high, crypto-lapies with rundkarren, large dolines), but Ordovician carbonate probably shows a limited karst landscape, by comparison with Northern Thailand. Jurassic carbonate remains to be investigated.

Dolomite karst is dominant in the landscape, but it cannot be separated from smaller limestone inliers. These two morphologies, quite different at first sight, are fully complementary and make the Shan Plateau an especially interesting karst area. 

Dolomite karst

Dolomite displays a fluvio-karst. The morphology is largely characteristic, smooth, rounded hills and rounded valley cross-sections. Local scarps are present on the hills. Such a landscape is related to rock properties. Dolomite is made up of rhombohedral crystals, which are shedding a significant amount of intercrystalline (to intergranular) porosity. Disintegration of often poorly cemented crystals near ground surface has a stronger effect on surface morphology than dissolution. Dolomitic sand formation is the result, a classical fact. Progression of the disintegration front is irregular, as it depends on lithological heterogeneity, such as crystals size, degree of cementation and cement dissolution or even, at a more local scale, tectonic crushing of the rock formation. The shape of disintegration front is clear in quarries, where dolomitic sand is exploited "by hand", as workers leave untouched harder parts which protrude across the sand. These crypto-pinnacles are commonly squat. They often reach several metres high and are rarely coalescent. 

The sandy nature of weathered dolomite precludes the formation of the usual karst morphology, typical of limestone (which does not disintegrate). Karren and pinnacles may be present, but they are usually much less typical in dolomite and restricted to the best cemented (or where the cement has selectively been less dissolved) areas.

However, cliffs along valleys or on slopes (in this case, they usually have a limited lateral extent) are the main locii for rock exposure. Sand initially on top of the cliff has commonly been washed away, so rocks on the lower part of upper slopes directly connect cliff tops.

Fluvio-karstic valleys are usually very wide in the upstream part and display the concave, rounded, cross-section already mentioned. Hill tops themselves are shaped as surbased rounded cupolas. Further downstream, valleys get progressively deeper and lateral cliffs start appearing. They progressively get higher as the valley goes, together as the valley section becomes more squared. The Gogteik Gorge between Pyin-Oo-Lwin and Lashio is a characteristic example of this. The regional base level is set by the Central Plains at the bottom of the Shan Scarp and by the Thanlwin River gorge.

Underground drainage exists, but it is less developed than in limestone, because dolomitic sand is choking passages, whenever possibilities of export are limited: in these passages, karst permeability is partly or entirely replaced by a pore type permeability which allows only a lower flow velocity and flow yield. Erosion rate is severely decreased in this way. Karst passages are better open where dolomitic sand can be exported out of endokarst, as near springs (vauclusian or jurassian) and in through caves. Most of known caves are related to such favourable conditions. However, river sinks with large flows may exert a stronger dissolution in the upstream parts of massifs, where CO2 of biological origin is abundant.

The dolomitic sand blanket at surface is obviously favourable to infiltration and surface vegetation is rather sparse. Infiltration water can dissolve rock but what capacity of dissolution remains below the sand ? The existence of large voids is so far not proved, for instance by large collapses. Probably, dolomitic sands may hide smaller collapses. 

Polygonal karst in limestone. Relations with dolomite karst 

Limestone areas show polygonal karst, a fact already put in evidence by Dunkley et al (1989). Such karst landforms are sometimes choked at surface by shaly sediments, but overall they are water absorption zones, with vadose features. The way how water restitution occurs is still unknown. Some sectors at least, as to the West of Pindaya, correspond with anticlines and are morphologically higher than dolomite lands. Underground drainage is necessarily directed towards the dolomite, either laterally or by vertical to oblique infiltration. Either springs exist in the valleys or there is a feeding of the dolomite aquifer. On the edge of the Shan Plateau, because of the higher hydraulic gradient, anticline flanks are prone to karst units with a major difference in elevation. 

In small limestone units surrounded by dolomite, limestone drainage can be only towards the dolomite aquifer, because dolomite porosity is not favourable to karst springs at the contact between the two rocks (stratigraphic barrier).

Caves

Around 20 caves were explored and surveyed on the Shan Plateau. The longest is Mundewa Guh (guh means cave) near Taunggyi, with 1770 m surveyed (Fig. 2) and the second is Leikte Guh near Kalaw, with a 960 m length (Bence et al, 1998), then we find the main cave at Padah Lin with 450 m (Mouret, 1998), Peik Kyin Myaung Guh (in Pyin-Oo-Lwin region) with 447 m (Bence et al, 1998) and Myinmethu Guh with 330 m (Dunkley et al, 1989). So far explored cave depths are not so deep: Leikte Guh is the deepest and it reaches a –70 m depth (Bence et al, 1998). 
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Mundewa Guh (near Taunggyi) is a system with a dry passage level which opens in the cliff along the fault bounding to the East the Lake Inle basin (Mouret, 1998) and an active one with a small stream (Bence et al, 1998). The outlet of the stream is located some 25 m lower than the dry entrance. The whole cave system is high above the lake level. In the upstream part of the stream, there is the very high CO2 content in the air already mentioned (exploration was stopped because of it). It was observed just after the end of the rainy season, in November 1998.

Leikte Guh (close to Kalaw) is a river sink. There is a main passage around 6 to 10 metres wide and two smaller, choked, side passages. One of them is a polluted tributary and the other one a passage oriented towards the upstream. The end of the cave is a sump at – 70 m (Bence et al, 1998).

Padah Lin main cave is a fossil passage located at a relatively low elevation on the flank of the Shan Plateau, at an elevation of around 400 metres, 50 km to the SE of the small city of Kyaukse (to the South of Mandalay). It is an overall wide passage, but it shows a succession of narrower parts, several metres large, and of chambers 20 to 30 m wide and high, with some openings to the sky (Mouret, 1998).

Peik Kyin Myaung Guh is a spring cave with a significant flow rate, located at the base of a cliff. The river originates from a boulder choke in a side passage and connects the main passage, whereas the main passage itself continues up to a narrow passage.

Myinmethu Guh (to the SE of Kalaw, South of Aungban) is a through cave collecting in a vertical sink a small, temporary flowing, surface stream. Passage size is several metres wide.

So far explored caves are either fossil caves at high relative elevations (Pindaya Cave, north of Kalaw) or lower on the slopes (Mundewa Guh). Some are sinks (Leikte Guh) or springs (Peik-Kyin-Myaung). Entrance deep shafts have not yet been explored. There are also famous travertine caves in the Gogteik Gorge (Cchibber, 1934). Close to the Shan Scarp, there are also caves, as Dattaw Cave near Kyaukse which is a top side collapse of a large chamber (Mouret et al, 2003), or the fossil Shwemale Cave in a small remnant hill among the foothills to the North of Mandalay.

Prehistoric paintings are present in Padah Lin 1 Cave, one of the Padah Lin Caves. It is the only case so far known in the country. 

Caves in Mogok are dug out for rubies and sapphires (Mouret, 1998). Caves of the Shan Plateau are widely used, commonly for religious purposes, but also for tourism, some for guano or nitrate exploitation and occasionally for various purposes (Mouret, 1997).

As in all parts of Myanmar, caves are commonly used as Buddhist shrines. The most spectacular is Pindaya Cave with its thousands of Buddha statues of all shapes and sizes, its gilded or painted pagodas and the abundant use of gold leaf. Very spectacular also is Peik-Kyin-Myaung Guh with statues displayed over several hundred metres, gilded pagodas and, at the end part of the main passage, so many copies of Lord Buddha's boddhi tree: there is like a forest in the cave. There are also Shwe-Ohn-Min Cave near Kalaw, Schwemale, Dattaw (Mouret et al, 2003), Myinmethu and so many others shedding lot of Buddha statues and shrines of many kinds.
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Fig. 1: Location map of the Shan Plateau in   Myanmar (Mouret, 1998; Mouret et Lebreton, 2003)
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Fig. 2: MUNDEWA GUH                  Dev. = 1770 m                           Taunggyi, Shan Plateau, Myanmar.    Map by Ph. Bence, Fl. Guillot, S. Maifret, Shan 1998
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