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Abstract 8	

 9	

The Indo-Burma Ranges form an enigmatic mountain belt, with fragments of evidence for an 10	

early accretionary history (Jurassic Jade belt HP-LT metamorphism; Early Cretaceous 11	

ophiolites; highly deformed Triassic turbidites (Pane Chaung Formation, PCF); Kanpetlet 12	

Schists). It remains uncertain whether this early history involved collision of a 13	

microcontinent (Mt. Victoria Land, MVL), unconformably sealed by Aptian-Cenomanian 14	

limestones, or can be explained entirely as an accretionary-type ophiolite on the western 15	

margin of the West Burma Terrane (WBT). Complex deformation in the deepwater Triassic, 16	

Jurassic, Late Cretaceous, and Paleogene deepwater sequences is replaced in the Late 17	

Eocene-Early Oligocene by molasse deposition. These events mark closure of the Neo-Tethys 18	

ocean between India and the IBR/WBT, and the onset of major dextral translation (>2000 19	

km, 40 Ma-Recent), between the coupled India/IBR/WBT region and Sundaland. In the Late 20	

Miocene-Recent major transpressional deformation affected the IBR and Central Basin of the 21	

WBT. The late deformation events, sedimentary depocentres, and impinging thick crustal 22	

regions of the eastern Himalayas and Shillong Plateau, have all affected the overall shape 23	



	

	

(wedge taper) of the modern IBR, with the wedge and retro-wedge behaving anomalously 24	

compared with typical accretionary prisms. All tectonic models proposed for the IBR/WBT 25	

have weaknesses or ambiguities, and there is considerable scope for future research to resolve 26	

the many outstanding, tectonic, metamorphic, structural, and sedimentary issues. These are 27	

important tasks because the IBR is a key region for understanding the development of 28	

northern Gondwana, the Himalayan orogeny, and SE Asia, as well as providing insights into 29	

the complex development of highly oblique collisional margins.  30	

 31	

1. Introduction 32	

The Indo-Burma Ranges (IBR), and the adjacent Central Basin and Wuntho-Popa 33	

Arc, represent a Mesozoic accretionary-forearc basin-arc complex (referred to here as the 34	

West Burma Terrane) related to subduction of various stages of the Tethys ocean, analogous 35	

to the Makran accretionary complex some 3000 km to the west (see reviews in Rangin et al., 36	

2013; Rangin, 2017; Burg, 2018). Parts of both complexes are affected by transpressional 37	

Cenozoic post-accretionary phase tectonics at the eastern and western margins of the India 38	

Plate. As India converged with Eurasia, accretionary prism complexes contiguous with the 39	

Makran and Indo-Burma Ranges became incorporated into the Himalayan Orogen. The 40	

resulting the Indus-Yarlung Suture Zone (IYSZ), comprises 177-150 Ma and 130-80 Ma 41	

ophiolites (Hebert et al., 2012), serpentinite and sedimentary matrix mélanges, and trench and 42	

wedge top basins (Ding et al., 2005; DeCelles et al., 2014; Li et al., 2015). The mountain 43	

belts of the Kirthar, Brahui and Sulaiman ranges in Pakistan lie oblique (N-S to NE-SW) to 44	

the E-W Makran and Himalayan trends, on the west side of the India Plate. These ranges are 45	

equivalent to the NW-SE to N-S trending Indo-Burma Ranges on the east side, in 46	

accommodating the lateral motion of India moving northwards relative to Eurasia. SE Asia 47	



	

	

(Sundaland) and the Afghan Block/Central Iran areas of Eurasia formed southerly continental 48	

protrusions on the eastern and western flanks of the Indian Continent respectively (e.g. 49	

Rangin et al., 2013; Burg, 2018). In the oblique position on the eastern margin, the West 50	

Burma Terrane linked with India as it moved northwards, and underwent considerable strike-51	

slip translation (Rangin et al., 2013; Rangin, 2017, 2018). However, the details of how 52	

deformation evolved within the Indo-Burma Ranges, how much dextral translation has 53	

affected the region, and the tectonic context and timing of emplacement of the fragments of 54	

oceanic crust all remain controversial. Like the Makran (Burg, 2018) and IYSZ (e.g. Hebert 55	

et al., 2012), the Indo-Burma Ranges contain a very important record of the Tethys 56	

subduction history that can be used to test and refine Mesozoic-Cenozoic plate 57	

reconstructions. The Eocene sedimentary record of the forearc in the Central Basin is very 58	

significant for understanding the palaeoclimate history of the region, including development 59	

of the monsoon (e.g. Licht et al., 2018).  For both tectonic reconstructions and palaeoclimate 60	

history a much better understanding of the development of the IBR and West Burma Terrane 61	

is needed.  62	

 Fundamental challenges to understanding the IBR include: historically highly limited 63	

access by roads and trails; limited exposures in high relief terrain covered by jungle; highly 64	

complex structure; very extensive, highly monotonous flysch units with a wide age-range 65	

(Triassic-Palaeogene) and limited biostratigraphic control (e.g. Brunnschweiler (1966), 66	

Bannert et al. (2011); and access to areas restricted by political unrest. While these issues still 67	

exist, progress with accessibility to some areas has occurred. Road building has created some 68	

new outcrop sections, and some excellent river sections exist. U-Pb dating of zircons and 69	

other dating methods have advanced our understanding of the timing of tectonic, igneous, and 70	

metamorphic events and stratigraphy (Table 1, see review in Zhang, J. et al., 2018 and Licht 71	



	

	

et al., 2018). Geochemical analysis of ‘ophiolites’ has better identified their tectonic setting 72	

(Table 1).  73	

The geological context of tectonic events in the IBR remain open to multiple 74	

interpretations. In this paper, we review the evidence for key structural relationships, and 75	

timing of events, and additionally provide new structural observations that we have made 76	

from fieldwork over two field seasons in the Kanpetlet-Mindat area, and the Kaylemyo area. 77	

We have also added analysis of satellite and Google Earth data. The aim is to provide an 78	

updated overview of the structural development of the core and Inner Belt of the IBR. While 79	

we cannot resolve all the questions that we pose, a review of all the data is important at this 80	

time in order understand what the data presently suggests, and to focus new research to 81	

address key gaps or uncertainties in our understanding.  Key basic questions, for which there 82	

are a diversity of unresolved opinions in the literature, include: how the structural styles 83	

evolved with time, the timing of ophiolite emplacement, how the ophiolites in Myanmar 84	

relate to those in the Naga-Manipur region of India, how the events in the IBR relate to plate 85	

tectonic models of the region, and how the accretionary prism was modified by oblique 86	

collision.   87	

   88	

2. Geological Background 89	

The IBR (Fig. 1) comprise a thick sequence of Mesozoic and Cenozoic flysch 90	

deposits associated with several large and numerous small ‘ophiolite’ fragments. The ranges 91	

initially formed in an accretionary prism setting, then evolved to a sub-aerial fold-and-thrust 92	

belt during highly oblique collision between Sundaland and the India Plate, their general 93	

characteristics have been described in a number of publications (e.g. Brunnschweiler, 1966, 94	

1974; Maurin and Rangin, 2009; Bannert et al., 2011; Mitchell, 1993, 2017; Mitchell et al., 95	



	

	

2010; Rangin et al., 2013; Rangin, 2017; 2018). The ranges are also known from the adjacent 96	

areas of Bangladesh (e.g. Gani and Alam, 1999; Steckler et al., 2016b) and India (e.g. Ghose 97	

and Singh, 1981; Singh and Ghose, 1982; Ghose et al., 2014; Fig. 1). Traditionally the IBR 98	

has been divided into an outer Western Belt, and an inner Eastern Belt (e.g. United Nations, 99	

1979; Mitchell et al., 2010). The identification of this division is not facile everywhere in the 100	

ranges, and is clearest in the Chin Hills, where the Kheng Fault (Fig. 1) divides the two belts. 101	

Maurin and Rangin (2009) use Outer Belt for the detached fold and thrust system developed 102	

primarily in Neogene sediments, Inner Belt for the folded and thrusted region of 103	

predominantly Late Cretaceous-Palaeogene section, and Core for the most easterly and 104	

tectonically complex zone (Fig. 1).  The Core marks a broad suture zone of Tethys ocean and 105	

related back-arc basin-derived rock units comprising oceanic crust-related units (including 106	

large and small bodies of peridotite and serpentinite, pillow lavas, radiolarian chert, 107	

mélange), a poorly dated flysch unit that appears to be primarily of Late Triassic age (Pane 108	

Chaung Formation), and metamorphic units that include fragments of the metamorphic sole 109	

to large ultrabasic bodies (e.g. Webula Bula area, Zhang et al., 2017). A larger region of 110	

predominantly low-grade metamorphic rocks, called the Kanpetlet Schists, crops out in the 111	

Southern Chin Hills area (Fig. 2). These schists are thought to be partly or entirely 112	

metamorphosed equivalents of the Pane Chaung Formation (United Nations, 1979a; Maurin 113	

and Rangin, 2009; Bannert et al., 2011).   114	

The thick Mesozoic-Cenozoic flysch deposits of the IBR are typically poorly 115	

fossiliferous, and difficult to differentiate, particularly in the Inner (eastern) Belt 116	

(Brunnschweiler, 1966; Bannert et al., 2011). Since mass transport complexes of highly 117	

variable dimensions are common, reworking of older fossiliferous strata (e.g. radiolarian 118	

cherts, foraminiferal limestones) into younger deposits frequently occurs (Brunnschweiler, 119	



	

	

1966; United Nations, 1979a), thereby making biostratigraphic dating of these units 120	

problematic.  121	

The Indo-Burma Ranges extend N-S for 1,300 km, broaden northwards and are up to 122	

a maximum of 300 km wide passing from the Kabaw Valley in the east, to the most external 123	

folds in the west in Bangladesh (Fig. 1). The extent of the oldest part of the Indo-Burma 124	

Ranges to the east is uncertain, because of the Late Cretaceous-Recent cover of the Central 125	

Basin (forearc basin). However, the metamorphic rocks and ophiolites of the Jade Belt 126	

Region, exhumed along strike-slip faults in the 26° N uplift area (Fig. 1), indicate one of the 127	

following scenarios: 1) a separate suture lies about 120 km west of the Indo-Burma Ranges, 128	

2) that the full IBR accretionary sequence is over 400 km wide, when the extent under the 129	

forearc basin is also considered (e.g. Kyi Khin et al., 2017; Mitchell, 2017), or 3) that the 130	

Jade belt is the offset equivalent of the Kalymo ophiolites (e.g. Morley, 2017; Ridd et al., 131	

2019).  132	

The United Nations (1979a) study, which comprises three 6-7 month long field 133	

seasons (1975-1978) with 8-10 geologists in the field parties, is by far the largest effort to 134	

date to understand the geology of the Myanmar Indo-Burma Ranges. This program provided 135	

the geological maps still used today for key areas (Falam-Kalemyo area, northern Chin Hills; 136	

Mindat-Saw area, southern Chin Hills, and the central Arakan area; Fig. 1, 2 and 3). It and 137	

established the stratigraphic and structural framework for the Indo-Burma Ranges and 138	

conducted widespread stream sampling for mineral exploration. 139	

More recent studies of the Indo-Burma Ranges used 2D seismic reflection data to 140	

investigate the nature of the plate boundary and the southern extent of the ranges offshore 141	

(Nielsen et al., 2001; Rangin, 2018), and conducted fieldwork, which resulted in estimates of 142	

the pressure-temperature conditions of metamorphism in the Kanpetlet Schists (Socquet et 143	



	

	

al., 2002), and a structural model for the development of the Indo-Burma Ranges (Maurin 144	

and Rangin, 2009). This work suggested that subduction ceased early in the Cenozoic, and 145	

instead an inactive, dangling Indian Plate slab is present that is undergoing lateral dextral 146	

translation (e.g. Rangin et al., 2013, Rangin, 2017, also see Morley, 2009). Cenozoic 147	

deformation in the IBR is probably strongly strain partitioned, strike-slip motion appears to 148	

be most important in the Inner Belt, and perhaps negligible in the Outer Belt, which is 149	

dominated by convergent deformation above a detachment (e.g. Maurin and Rangin, 2009; 150	

Betka et al., 2018). While disagreement remains as to whether subduction is still ongoing 151	

(e.g.  Steckler et al., 2016a; Sloan et al., 2017), or not (Rangin et al., 2013; Rangin, 2017; 152	

2018), there is general agreement that modern motions involve about 46 mm yr-1 of highly 153	

oblique motion of India with respect to Sundaland, of which about 21 mm yr-1 is 154	

accommodated by the Sagaing Fault (Steckler et al., 2016a). This leaves the remainder of the 155	

motion to be accommodated by contractional and strike-slip deformation across the Indo-156	

Burma Ranges (Maurin and Rangin, 2009; Rangin et al., 2013; Stecker et al., 2016a; Rangin, 157	

2017; 2018).  158	

2.1. The Kalymo Suture zone  159	

2.1.1. Ophiolites 160	

There are many conflicting models for the type of ophiolite, emplacement direction of the 161	

ophiolite, and location of the ophiolite suture zone in the Indo-Burma ranges (see review in 162	

Searle et al., 2017). Most of these models tend to envisage the ophiolite as initially being a 163	

Penrose-type obducted ophiolite, that was subsequently eroded and dismembered (e.g. United 164	

Nations, 1979a; Mitchell 1993; Socquet et al., 2002; Acharyya, 2007; Rangin, 2018). 165	

Alternatively, the ophiolites in the IBR are interpreted as accretionary-type (Franciscan-type, 166	

e.g. Gealey, 1980; Harris, 1992, 2003), where most of the fragments of ophiolite-related units 167	

(i.e. slices of pillow lavas, deep sea sedimentary rocks, gabbros, serpentinite) are derived 168	



	

	

from the downgoing plate (e.g. Harlow et al., 2014; Fareeduddin and Dilek, 2015). Fragments 169	

of oceanic lithosphere including high pressure/low temperature metamorphic rocks (i.e. 170	

blueschists, jadeitite, eclogites) are interpreted as products of exhumation along a subduction 171	

channel, together with coherent blocks (peridotite, serpentinite, metamorphic sole) from the 172	

overlying forearc or supra-subduction zone oceanic lithosphere (e.g. Gealey, 1980; Harris, 173	

1992, 2003; Harlow et al., 2014; Fareeduddin and Dilek, 2015).   174	

Ophiolite fragments can also be generated by skinning or tectonic slicing of the 175	

downgoing slab (e.g. Li et al., 2004; Monie and Agard, 2009; Angiboust and Agard, 2010; 176	

Vogt and Gerya, 2014; Ruh et al., 2015). Slicing commonly occurs within the subduction 177	

channel, but can also occur beneath the distal part of the wedge, or slices can be inserted in 178	

the very proximal part of the wedge (Vogt and Gerya, 2014; Ruh et al., 2015). To the south of 179	

the IBR, slices of upper crust about 1-2 km thick have been observed on seismic reflection 180	

data across the Sunda Forearc and prism associated with thrusts, normal faults and duplexes 181	

around the lower plate-base accretionary prism contact (Luschen et al., 2011). Early 182	

subduction of the Jurassic part of the slab below the IBR accretionary prism could have 183	

inserted variable thickness slices of Jurassic age oceanic crust into the prism bisecting Pane 184	

Chaung Formation and Kanpetlet Schists, while later subduction inserted slices of Cretaceous 185	

age ophiolite oceanward, landward or adjacent to the Jurassic-age slices. Thus, the stacking 186	

order of units in thrust sheets cannot reliably be used to infer the relative paleogeographic 187	

position of deepwater sediments with respect to other units such as the Pane Chaung 188	

Formation and Kanpetlet Schists. This ophiolite fragmentation was further enhanced by 189	

extensive Cenozoic dextral strike-slip faulting.  190	

The timing of ophiolite exhumation is also controversial and is based upon the 191	

appearance of ophiolitic clasts in sedimentary rocks and the timing of related unconformities 192	

(Appendix 1), while the age of emplacement is given by the age of the metamorphic sole 193	



	

	

(Table 1). Some ophiolite fragments were emplaced prior to the deposition of Aptian-194	

Cenomanian limestones (e.g. United Nations, 1979a; Mitchell et al., 1993, 2010). Erosion of 195	

ophiolites (i.e. probable subaerial emergence of parts of the accretionary prism) occurred 196	

episodically during Maastrictian times (e.g. Socquet et al., 2002; Rangin et al., 2013), to the 197	

Late Eocene-Early Oligocene for the Naga-Manipur region of India (Ghose et al., 2014). A 198	

detailed discussion of the stratigraphic evidence for the unconformities related to ophiolite 199	

emplacement is provided in Appendix 1.  The diachronous timing, mixed origins (supra 200	

subduction zone, and mid oceanic ridge-type) for the oceanic crust fragments, and highly 201	

dismembered nature of the ophiolites best fits with an accretionary-type model, where the 202	

oldest ophiolites, related to Jurassic age subduction, lie to the east, and the youngest ones 203	

(Late Cretaceous-Eocene) lie to the west (Fareeduddin and Dilek, 2015; Hla Htay et al., 204	

2017; Barber et al., 2017; Zhang et al., 2018). However, as discussed in section 4 (Tectonic 205	

evolution of the IBR), there are tectonic and paleogeographic considerations that impact 206	

which ophiolite models are appropriate for a particular time period.  207	

A cross-section through the Indo-Burma Ranges is shown in Figure 4. It is 208	

constructed assuming the ranges developed following the accretionary-type model. Much of 209	

the structure shown is schematic, and is partly based on cross-sections in Betka et al. (2018), 210	

Maurin and Rangin, (2009) and Rangin et al. (2013). Seismic reflection data can only help 211	

constrain the geometry of the Chindwin Basin in the east, and the Neogene section of the 212	

Outer Belt and Rakhine margin in the west.  213	

2.1.2. Sedimentary and meta-sedimentary units of the suture zone 214	

 The primary stratigraphic units in the suture zone are thick sequences of turbidites 215	

assigned to the Pane Chaung Formation, and underlying, generally low-grade metamorphics 216	

of the Kanpetlet Schists (United Nations, 1979a). Scattered outcrops of mélanges, deep-water 217	



	

	

radiolarian cherts and exotic limestones are associated with the ophiolite suite (United 218	

Nations, 1979a, Mitchell et al., 2010; Zhang, J. et al., 2017; Figs. 2 and 3). The best exposed 219	

ophiolitic mélange is found in the spillway area of the Yazagyo Dam (Fig. 5; Zhang et al., 220	

2018), where an ultrabasic klippe overlies Triassic sandstones and mudstones (Zhang et al., 221	

2018). The spillway reveals a  melange, whose blocks include bedded red cherts (some dated 222	

as Middle Jurassic, Zhang et al., 2018), limestones and serpentinite, sheared in with basalts. 223	

U-Pb ages of zircons from gabbros and rodingites in the mélange are Early Cretaceous, 224	

ranging between 126.2 ± 2 Ma – 133.1 ± 2 Ma (Liu et al., 2016a; Zhang et al., 2018).  225	

 The Triassic age of the Pane Chaung Formation is based on the rare occurrence of 226	

Halobia fossils (United Nations, 1979; Bannert et al., 2011; Yao et al., 2017; Zhang et al., 227	

2017; see review in Mitchell, 2017). However, across large tracts of the Indo-Burma Ranges 228	

the Pane Chuang Formation has been identified based on lithological characteristics, without 229	

supporting fossil evidence. The discontinuous nature of outcrops in the IBR, and lithological 230	

similarities with overlying Cretaceous units, cause considerable uncertainty in mapping the 231	

Pane Chaung Formation (Brunnschweiler, 1966; Bannert et al., 2011; Brunnschweiler (1966). 232	

Detrital zircon analysis of the Pane Chaung Formation, helps address the problem of 233	

correlation, and samples from the Magway, Mindat, Saw River, Kanpetlet and Kalemyo areas 234	

indicate the maximum depositional ages are predominantly of Late Triassic age, together 235	

with some Early Jurassic ages (Sevastjanova et al. 2015 and Yao et al., 2017).  236	

 Along the Kalemyo-Falam and the Webula-Taung-Falam road sections the Pane 237	

Chaung Formation is apparently unconformably overlain by Upper Cretaceous flysch 238	

(Campanian, Maastrichtian, Falam Formation, Mitchell et al., 2010). Is the depositional gap 239	

between the Early Jurassic and Upper Cretaceous real, and if so what is the explanation? 240	

There are simply too few occurrences of fossils in the sequences to be sure of the full age 241	

range of the Pane Chaung Formation. Additionally, if the only source of Mesozoic zircons is 242	



	

	

related to Triassic-Early Jurassic tectonic events, then detrital zircon evidence will not be able 243	

to establish whether there is a component of Late Jurassic or Early Cretaceous section in the 244	

Pane Chaung Formation. This is a known problem concerning detrital zircon data derived 245	

from Sibumasu (Cai et al., 2016).  We will leave the issue of the age range of the Pane 246	

Chaung Formation as being posed, but without any firm conclusion.  247	

3. Structural Field observations of the Suture zone and Inner Belt 248	

3.1. Thrusts at base of ultrabasic bodies 249	

Most of the structural contacts in the Naga-Manipur region are described as thrusts, 250	

often high angle (typically around 45-60°), and commonly imbricates (Ghose et al., 2010, 251	

2014). Brunnscheweiler (1966) notes one locality where the western margin of the Webula 252	

Bula peridotite is thrust over the Pane Chaung Formation (Fig. 3). However, Bannert et al. 253	

(2011) tend to show high angle, strike-slip fault related contacts bounding the ophiolites, 254	

based on field observations and satellite image interpretation.  255	

In the Kalemyo area we investigated five peridotite bodies, but only Webula Bula-256	

Khwekha, Bhopi Vun and Yazagyo Dam provided good outcrops where it was possible to get 257	

close to major lithological boundaries (Fig. 5A; 6). The peridotites form large hills, and are 258	

predominantly composed of extensively fractured and serpentinized harzburgites, some 259	

lherzolites, dunites and gabbros are also present. There is some associated chromite-nickel 260	

mining, particularly around Mwe Taung. It is difficult to find clear outcrop contacts between 261	

lithologies, but by using mapped contacts, and their intersection with topographic contours it 262	

is possible to determine the general dips of the contacts (Fig. 7). The base of the Webula Bula 263	

ophiolite is a gently dipping thrust averaging 10° E dip (Fig.7). The presence of a low-grade 264	

metamorphic mélange unit overlain by a greenschist to amphibolite grade metamorphic sole 265	

below the southern outcrops of the Webula Bula ophiolite (Khwekha; Fig. 6) also supports 266	



	

	

the low-angle thrust interpretation (Fig. 3; Zhang et al., 2017, 2018). The average dip of the 267	

base of the ophiolite at Bhopi Vun is 14°E, and 34°E at Mwe Taung (Fig. 7). We conclude 268	

that ophiolite fragments were initially emplaced along thrusts, but in many places were 269	

subsequently affected by strike-slip deformation.  270	

3.2.    Structure of the Kanpetlet Schist 271	

The Kanpetlet Schists are a monotonous, thick sequence of highly deformed quartz-272	

mica schists (Figs. 8 and 9), that in places are black and graphitic. Thick to thin bands of 273	

metabasites (greenstones) are scattered through the unit. Metabasites within the schist exhibit 274	

actinolite-chlorite associations (greenschist facies), while metapelites show chlorite-phengite 275	

associations, characteristic of greenschist conditions around 4-5 ± 1 kb, 300-400 ± 100 °C 276	

(Socquet et al., 2002). In some metagreywackes, boarderline greenschist and blueschist 277	

metamorphism, from chlorite-riebeckite-crossite-epidote-albite associations, indicates 278	

conditions around 8 ± 1 kb, 450 ± 100 °C or depths of ~25 km (Socquet et al., 2002).  279	

According to Socquet et al. (2002)  the Kanpetlet Schists have been considerably 280	

extended, and this deformation is associated with a strong N120° mineral lineation, with 281	

ductile shearing towards the SE. However, there are no maps that show the extent to which 282	

this extensional deformation can be identified in the Southern Chin Hills. An example of top 283	

to the SE shear in the schists is shown in Fig. 8D. Maurin and Rangin (2009), described the 284	

presence of N165° mullions in the Mindat Anticline, where shear criteria in quartz exolutions  285	

(see Fig. 9a for an example) show a top to the north deformation as a result of deep 286	

northward transport, on complex sheath fold type structures, related to right lateral shear. 287	

There is no detailed structural information presented to support the model. Zhang et al. 288	

(2017) studied the main road to Mindat section across the Mindat Dome. They note the 289	

presence of multiple deformation phases, and suggest an early N-S striking foliation, with 290	



	

	

cleavages of second generation folds striking NE-SW, and third generation folds striking 291	

NW-SE. The timing of metamorphism has not been established by radiometric dating, 292	

however, exotic blocks of Kanpetlet Schist occur within the Sin Chaung succession, 293	

indicating a pre-Campanian age, furthermore the schists probably pre-date the Paung Chaung 294	

Limestones that overlie them, which suggests an Albian or older age for the metamorphism 295	

(United Nations, 1979; also see Appendix 1).  296	

We observed the Kanpetlet Schists along the Saw River, the Saw to Mount Victoria 297	

Road, the main Midat road, and the Mindat-Kanpetlet road. The schists tend to either exhibit 298	

low-angle foliations where crenulations (Fig. 9c) and small-scale folds have gently plunging 299	

hinges, and steep axial surfaces, or high angle foliations, with small-scale folds that have 300	

gently plunging hinges and sub-horizontal axial surfaces (Fig. 8). The fold hinges on the low-301	

angle foliations commonly trend 110°-140° and are inclined from 0° to 45°. The transition 302	

between these two orientations is observed in some outcrops (Fig. 8A,C), and can be 303	

interpreted in the context of sheath folds (Fig. 8) related to NW-SE dextral shearing, as 304	

suggested by Maurin and Rangin (2009). The extensive presence of folds with sub-horizontal 305	

axial surfaces could also accommodate considerable vertical flattening. In our measurements 306	

of fold hinge orientation in addition to NW-SE trends, there are also diverse E-W and N-S to 307	

NE-SW orientations. Foliation strike is highly varied and includes E-W, NNW-SSE, NNE-308	

SSW and N-S trends (Fig. 10). In a number of outcrops, often in strongly weathered schist, 309	

we observed late, NNW-SSE to NNE-SSW trending sub-vertical, brittle fault zones, which 310	

are related to the latest phase of dextral deformation, after exhumation of the Kanpetlet 311	

schists in the Mindat Dome.  312	

At the largest scale in the Southern Chin Hills the Kanpetlet Schists form a domal 313	

feature called the Mindat Anticline or Dome (Fig. 2). Zhang et al. (2017) interpret the 314	

anticline as an extruded wedge associated with exhumation of high pressure, low temperature 315	



	

	

metamorphics. This interpretation requires the overlying Pane Chaung to exhibit an 316	

extensional detachment with the Kanpetlet Schist, that is yet to be convincingly demonstrated 317	

in outcrop. Additionally, the anticline appears to be a late structure related to the Kheng 318	

Fault, which emplaces the Inner Belt against Palaeogene section (Fig. 2), and is not related to 319	

an earlier (Mesozoic) wedge extrusion. The blueschists and eclogites from the Naga Hills, 320	

cited by Zhang et al. (2017) as examples of metamorphism in the core of the anticline, are 321	

over 300 km away, on completely different structures. Consequently, the wedge extrusion 322	

model is highly conjectural.  323	

While some interesting structural and metamorphic features within the Kanpetlet 324	

Schists have been identified in previous studies, the level of detail provided is low. For 325	

example, there are indications that thinning of the schists has occurred, but the timing, 326	

kinematics, and tectonic significance of the thinning has yet to be determined (e.g. is it wedge 327	

extrusion, extensional collapse of thickened crust, or extension associated with dextral shear, 328	

or multiple events). How local observations of a particular shear direction or fold can be 329	

traced more regionally is unknown. It is apparent that numerous events related to deformation 330	

within an accretionary prism, and in the later strike-slip affected orogenic wedge are present 331	

in the Kanpetlet Schists. To properly unravel these events requires a much more integrated 332	

and detailed study of the metamorphism, geochronology and structural development than is 333	

available from present studies  334	

  335	

3.3.. Structure of the Pane Chaung Formation 336	

Mitchell et al. (2010) describe the Pane Chaung Formation as having a complex 337	

structure, with widespread ‘broken beds’. Within and overlying the flysch are partially 338	

serpentinised bodies of harzburgite, dunite, gabbro and chromitite. The United Nations study 339	



	

	

provides excellent information on the large-scale structure, but details about the structure of 340	

the Pane Chaung Formation are lacking. Recent road improvement schemes have enabled a 341	

few continuous sections to be observed through the Pane Chaung Formation on the roads to 342	

Kanpetlet, Mindat, and Falam (Zhang et al., 2017; Yao et al., 2017). Here we focus on the 343	

road section to Mindat, which offers the best exposed sections through the Pane Chaung 344	

Formation. 345	

 The E-W Kyaukhtu- Mindat road section traverses about 2 km width of the Pane 346	

Chaung Formation on the east side of the Mindat Dome (Fig. 2), and provides numerous 347	

sections, with the best ones being in excess of 100 m long of continuous exposure. The 348	

exposures tend to show steep to vertical beds, affected by isoclinal folds, with sub-vertical 349	

axial surfaces (e.g. Fig. 11A). Similarly, flat lying dips can be associated with isoclinal 350	

recumbent folds (Fig. 11B). These two fold styles are commonly juxtaposed or 351	

superimposed. Bedding strike directions and the strike of fold axial surfaces predominantly 352	

range from NW-SE to NE-SW, with NNE-SSW and NNW-SSE directions being particularly 353	

favoured (Fig. 11B). In the Southern Chin Hills the dip of fold hinges varies considerably 354	

from about 60° to horizontal. Thrust faults strike predominantly NNE-SSW, although two 355	

have NW-SE strikes. Sub-vertical, often upwards splaying, dextral strike-slip faults are 356	

common features that strike between NNW-SSE and NNE-SSW directions, with N-S being 357	

the most frequent.  358	

In some parts of the sections bedding can be traced consistently across the outcrop. 359	

But often bedding is highly discontinuous or competent units are simply blocks in a fine-360	

grained matrix (block-in-matrix). In such areas it is easy to understand why these are 361	

described as broken beds (United Nations, 1979; Mitchell et al., 2010). In many cases broken 362	

beds are syn-sedimentary mass transport units, but later deformation has further enhanced the 363	

disruption of bedding, both within the mass transport deposits, and within the initially more 364	



	

	

continuous turbidite sandstone-shale units. Tectonic folds are characterised by fracturing, 365	

veins, sometimes cleavage development and related brittle faults, while syn-sedimentary 366	

structures exhibit more ductile style folds with stretched limbs, and discontinuous beds in a 367	

shale matrix.  368	

In the Saw River section normal faults that strike between 100° and 145° are exposed 369	

(Figs. 12 and 13). Competent and incompetent beds have been dragged into some fault zones, 370	

with a deformation style typical of poorly lithified beds (Fig. 12A, C). Two fault zones show 371	

early normal sense of drag in the footwall, but exhibit an unusual normal fault geometry 372	

where bedding in the hangingwall lies sub-parallel to the fault plane (Fig. 12A,C). Typically 373	

normal faults cut bedding at a high angle in the hangingwall, unless the fault flattens into a 374	

bed-parallel detachment. While inversion can move the hangingwall flat geometry upwards, 375	

onto the high-angle part of the fault (e.g. Fig. 12A). The presence of inversion is supported in 376	

Fig. 12C by the presence of a small thrust fault in the normal fault hangingwall. In Figure 13 377	

a small thrust with a ramp-flat geometry truncates two small earlier normal faults. We 378	

interpret the inversion structures, and deformation style of the fault zones to indicate the 379	

normal faults formed early (perhaps gravity driven, or related to crustal extension), prior to 380	

compressional deformation.  381	

The presence of overturned beds, in some places consistently overturned for several 382	

kilometres, has been noted during mapping by the United Nations (1979a) program. In the 383	

Southern Chin hills area, minor folds with antiformal syncline and synformal anticline 384	

geometries and younging directions consistent with a structural position on the inverted limb 385	

of a major nappe structure have been described (United Nations, 1979a). From the Mindat 386	

Road section (Fig. 10B) we see relatively small-scale recumbent, isoclinal folds, that are 387	

possibly related to this phase of deformation. These structures formed relatively early (F1) 388	

since they are deformed and folded by later structures. For example, in Fig. 14 the F1 folds 389	



	

	

have been folded by later upright folds (F2) that are cut by later NNW-SSE striking, WSW-390	

directed thrusts (T1). These thrusts truncate earlier small-scale folds. In Figure 15 a fold (F4) 391	

with a steeply-dipping axial surface that is associated with an oblique-reverse dextral strike-392	

slip fault set (SS1) folds the sub-horizontal F1 axial surface. At the eastern end of the outcrop 393	

in Fig. 16B, an early set of thrusts (T1) is present, with thrust X being truncated up dip at 394	

point Y by a top to the ESE thrust, and down dip at point Z by a zone of steeply dipping 395	

strike-slip faults (SS1).  Some small, fault-related folds (F3) are related to the T1 thrusts.  396	

The road sections indicate early recumbent folding is affected by a later phase of 397	

dominantly WSW-verging, to upright folding, accompanied by predominantly ENE-dipping, 398	

WSW-directed thrust faults. Later oblique-reverse dextral strike-slip motion (predominantly 399	

on NNE-SSW faults, but ranging between NW-SE and NE-SW orientations) extensively 400	

affected the sequence, and produced dominantly upright to ESE-verging folds, together with 401	

some thrusts and late normal faults.  The sequence of events affecting the Pane Chaung 402	

Formation is summarised in Figure 17.  403	

The road from Kalemyo to Falam also passes through extensive outcrops of the Pane 404	

Chaung Formation (Yao et al., 2017). Sections through the formation in the Kalemyo area 405	

show generally steeply dipping, commonly tightly to isoclinally folded beds, that are cut by 406	

steep, sub-vertical strike-slip faults that strike between 340° and 015° (Figs. 18 and 19). The 407	

orientation of bedding is not as diverse as in the Chin Hills area (Fig. 18), and ranges between 408	

NNW-SSE and NNE-SSW directions, with the NNW-SSE trend being most frequent.  409	

Unfortunately, a constant theme of the Mesozoic-Cenozoic stratigraphy of the Indo-410	

Burma Ranges is the absence of simple, clear, mappable units (Brunnschweiler 1966; Bannert 411	

et al., 2011). The major units, typically 1000+ m thick, can be identified, but the absence of 412	

distinctive marker units or fossils hampers identification of structures at the meso-scale, 413	



	

	

limiting structure identification to the outcrop and regional map scale, but not in between. 414	

Viewing the best new road sections we can see extensive arrays of folds and faults with fold 415	

wavelengths of metres to tens of metres, in a section 10-15 m high (Figs. 14-17). Yet the 416	

height from the valley floor to the road is in the range of 400-600 m, and these small strips of 417	

exposure, by necessity, have to be treated as representative of the larger-scale structure.      418	

3.4. Kalemyo-Kennedy Peak area 419	

 We observed the Pane Chaung, Late Cretaceous (Falam Formation) and Palaeogene 420	

flysch (including the Kennedy Peak Sandstone) in the Kalemyo area, and in particular along 421	

the Kalemyo-Falam road, where there are extensive good exposures (Fig. 20). Gradual 422	

changes in sedimentary characteristics through the section are evident, with no sharp 423	

boundary between units. We relied on the mapped boundaries (United Nations, 1978; 424	

Mitchell et al., 2010) to indicate approximately where changes in formation were to be 425	

expected. The clearest example of the boundary between the Pane Chaung and the Falam 426	

Formation we found is on the Webula Bula-Falam road. In low lying outcrops the Pane 427	

Chaung is affected by short wavelength folds, and exhibits numerous quartz veins, and 428	

overall bedding exhibits NNW-SSE strikes and eastwards dips. Sandstone beds are 429	

commonly discontinuous. About 30 m of landslide-affected hillside separates the Pane 430	

Chaung from the Falam Formation. The Falam Formation exhibits more continuous 431	

sandstone layers and a few small limestone clasts or floaters, quartz veins are largely absent. 432	

Bedding is steep, but continuous, with no short wavelength folds. The presence of limestones 433	

is typical of the Falam Formation, which contains olistoliths of pelagic limestones that can be 434	

up to several kilometres long (Fig. 20A,B). Bedding strike ranges between 320° and 340° 435	

with dips consistently around 65°. The geological map shows the contact between the two 436	

formations as a thrust. However, the outcrop geometry, suggests that the Pane Chaung 437	

Formation simply dips below the Falam Formation, and the contact is an east-dipping 438	



	

	

unconformity, a rotated thrust contact is, however, a possibility. In other stream cuts, and on 439	

the Kalemyo-Falam road we observed similar relationships in the vicinity of the mapped 440	

contact, suggesting an unconformable contact rather than a structural contact. 441	

 Figure 18 shows a cross-section from the Kennedy Peak region to the Kalemyo, 442	

constructed from measurements taken along the Kalemyo-Falam road, and Falam-Kennedy 443	

Peak road. In the east the Bhopi Vun ultrabasic body overthrusts (Fig. 7B) the Triassic 444	

section. The Triassic is tightly folded, and affected by sub-vertical, approximately N-S 445	

trending, strike-slip faults (see Section 3.2). These are relatively late structures, and overprint 446	

early folds and thrusts. The earlier structures tend to strike NNW-SSE. The reason why the 447	

Pane Chaung Formation is exposed in the core region could be due to uplift in a 448	

transpressional zone, with major faults marked Z schematically represented in Figure 18. The 449	

Falam Formation is internally deformed by numerous, short wavelength minor folds, that 450	

tend to be upright to west-verging, together with some secondary thrust faults. Passing up-451	

section to the west the deformation becomes less intense and passes into the Paleogene 452	

Chunsung Formation. Although the Kennedy Sandstone is mapped as overlying the 453	

Chunsung Formation, both are deepwater turbidite units, and we suspect that the Kennedy 454	

Sandstone is a more sand-rich lateral equivalent unit to the upper part of the Chunsung 455	

Formation. This enables a simple synclinal geometry to be drawn that matches the data we 456	

gathered on our traverse. There appears to be some stratigraphic thickening passing across the 457	

syncline from east to west. 458	

 The Falam and Pane Chaung Formations both show bedding that strikes 459	

predominantly NNW-SSE with high dip angles (Fig. 18), and the outcrops display numerous 460	

examples of short wavelength folding. There is a contrast with the Palaeogene section, which 461	

shows gentler dips, and NNE-SSW strike directions on west-dipping bedding and much less 462	



	

	

short-wavelength, outcrop-scale folding. The main syncline is a broad simple fold, with a 463	

wavelength of around 6 km.  464	

 Between the Saw and Kalemyo areas the topography of the Inner Belt and Core 465	

decreases, and in this region some larger-scale structures can be identified on satellite data, 466	

which indicates what the map-view geometry of structures in other, less well imaged areas 467	

might be like (Fig.21). The images show that major folds can be picked out within the 468	

Chunsung Formation, these folds exhibit axial surfaces with a range of orientations between 469	

NW-SE and NNE-SSW, and wavelengths of around 2-4 km. The folds have a very similar 470	

size and appearance to the Makran accretionary prism (Fig. 21). A linear, fault-controlled 471	

ridge separates the Chunsung Formation from the Falam Formation in Figure 21. This fault is 472	

probably related to the Kheng Fault to the south.   473	

 474	

3.5. Kabaw Fault 475	

The Kabaw Fault (Fig. 1 and 23) was originally interpreted as an east-dipping fault 476	

that approximately marks the abrupt boundary between the Central Basin to the east, and the 477	

Indo-Burma Ranges and extends almost the full length of the ranges (Win Swe et al. 1972). 478	

Later east-dipping interpretations have been made by Wang, Y. et al. (2014) and Stecker et 479	

al. (2016a). The fault zone has been interpreted as a west-dipping fault by Hla Maung, (1987) 480	

and Curray, (2005).   481	

Maurin and Rangin (2009) show the core region of the Indo-Burma Ranges is thrust 482	

eastwards over the Central Basin along the reverse-dextral slip, west-dipping Kabaw Fault. 483	

The Kabaw Fault in this type of section can be viewed as a back-stop to the accretionary 484	

wedge. In map view Maurin and Rangin (2009) interpret the arcuate Kabaw fault as 485	

extending almost the entire length of the Indo-Burma range, and in the south passing into a 486	



	

	

dextral strike-slip fault. Wang, Y. et al. (2014) follow the same type of backstop wedge 487	

model as Maurin and Rangin (2009), but only for the southern Indo-Burma Ranges and 488	

Andaman Sea.  489	

 The potential for the Kabaw Fault to form a major fault zone along the eastern 490	

boundary of the Indo-Burma Ranges has led to concerns regarding its potential seismic 491	

hazard (e.g. Wang, Y. et al., 2014). However, GPS data lacks a significant drop in 492	

displacement passing across the Kabaw Fault, unlike the Sagaing and Churachandpur-Mao 493	

faults (e.g. Stecker et al., 2016a). According to Steckler et al. (2016a) the drop in fold belt-494	

parallel displacement rate across the Sagaing Fault is about 20 mm/yr-1, and about 10 mm/yr-1 495	

for the Churachandpur-Mao Fault. For the intervening region between these two faults, 496	

including the Kabaw Fault, the decrease of around 6 mm/yr-1 is more diffuse (Stecker et al., 497	

2016). Possibly the Kabaw Fault was a more active feature in the past, and strike-slip activity 498	

has migrated westwards with time. Other GPS studies of the Churachandpur Mao Fault 499	

measured a 17-20 mm/yr change in velocity (from 16-22 mm/yr on the western side, to 33-42 500	

mm/yr on western side; Kumar et al., 2011; Kundu and Gahalaut, 2013), leaving even less 501	

margin for displacement on the Kabaw Fault.  502	

The west-dipping interpretation for the Kabaw Fault is structurally the simplest one, 503	

as this places older, more highly deformed, higher metamorphic grade rocks (including 504	

ophiolites) in the hangingwall over, younger, sedimentary rocks in the footwall. The east-505	

dipping thrust fault would be the inverse case (younger rocks over older), is more 506	

problematic for a thrust, and implies either an out-of sequence thrust interpretation, or the 507	

fault is a normal fault or predominantly a strike-slip fault.  508	

The Kabaw Fault lies at the boundary between the Indo-Burma Range units and the 509	

Central Basin units (Bannert et al., 2011). Most critically in the Saw sector of the Chin Hills 510	



	

	

the boundary between these units is marked by a series of unconformities (base of the Paung 511	

Chaung Formation, base of the Kabaw Formation, see Appendix 1). Field relationships 512	

(United Nations, 1979), and satellite images (Fig. 22) indicate that in the Mindat-Kanpetlet 513	

sector the boundary between the Paung Chaung Formation or the Kabaw Formation and the 514	

Pane Chaung Formation is low-angled and east-dipping. This would fit either an east-dipping 515	

unconformity, or an east-dipping thrust interpretation, not a steeply west-dipping fault. This 516	

contact is described as an unconformity in the United Nations (1979) report (see Appendix 1, 517	

section 1.2 Chin Hills), which seems entirely reasonable. In this area we found no convincing 518	

evidence for a major active fault zone. 519	

South of the unconformity in the Saw area, in the southern part of the southern Chin 520	

Hills region, a major fault zone can be identified where the contact between the Kabaw 521	

Formation and Pane Chaung Formation is linear, with no Paung Chaung Formation being 522	

mapped in the area (Fig. 23). The Pane Chaung Formation is upthrown on the western side of 523	

the fault. This follows the type of back-stop model for the Kabaw Fault shown in Rangin et 524	

al. (2013). The fault zone extends to the Bi-Taung area, west of Mindon (Fig. 23), where 525	

Bannert et al. (2011) show a cross-section through several steeply dipping to vertical strands 526	

of the fault zone (Kabaw Valley Fault) that juxtapose Kanpetlet Schist with serpentinite, and 527	

Paunggyi Conglomerate and Laungshe Formation with serpentitine. Passing northwards into 528	

the Saw region (Fig. 23) the contact between the Central Basin units and the Eastern Belt 529	

becomes less linear and more sinuous, and it is in this region that the unconformities 530	

discussed above are present (Figs. 2, Appendix 1). Hence, map and satellite analysis indicates 531	

that a major transpressional fault dies out south of Laungshe (Fig. 23). We suggest that this 532	

major fault zone be referred to as the South Kabaw Fault Zone.   533	

The unconformity zone around Saw is characterised by hilly topography (Fig. 22B), 534	

which changes north of the latitude of Mindat, to the flat topography of the Kabaw Valley 535	



	

	

(Fig. 22A). The young alluvial fill of the valley masks any potential fault zone that might 536	

separate the Eastern Belt from the Central Basin, for example Bannert et al. (2011) show the 537	

Kabaw Fault only as a dashed line along the valley. One hint that an inactive strike-slip fault 538	

zone might be present is the en-echelon arrangement of the peridotite bodies on the western 539	

side of the valley (Fig. 22A). Further north, in the Naga Hills the presence of strike-slip fault 540	

zones, including the Kabaw Fault between Central Basin deposits and the Eastern Belt has 541	

been described by Bannert et al. (2011), and looks plausible on satellite images.  542	

We found that many late strike-slip faults cut through the Pane Chaung Formation and 543	

Kanpetlet Schists (Section 2.2), indicating significant strike-slip motion within the Eastern 544	

Belt. But this dextral motion appears to be widespread within the Eastern Belt (Maurin and 545	

Rangin, 2009), rather than focussed on a particular fault zone. The topography-fault surface 546	

relationships of the Kheng Fault, which defines the western margin of the inner belt (Figs. 1 547	

and 2), indicates a near-vertical fault zone of post-Chunsung Formation age. A linear fault, 548	

visible on satellite images also marks the boundary between the Falam Formation and the 549	

Chunsung Formation in the Falam-Mindat sector (Fig. 21). We view the Eastern Belt as being 550	

composed of many large to small displacement fault strands, with numerous faults 551	

contributing to a back-stop geometry for the wedge, rather than a single Kabaw Fault. We 552	

favour a predominantly vertical to west-dipping geometry for the key faults rather than a 553	

gentle east-dipping geometry, although some secondary east-dipping faults exist as well. 554	

There are some segments where major, transpressional fault zones can be identified (e.g. 555	

South Kabaw Fault, Kheng Fault, North Kabaw-East Naga-West Naga Fault system; Fig. 1), 556	

but these do not appear to be fully connected to form a regional ‘Kabaw’ Fault.  557	

3.6. The Indo-Burma Ranges as a critical taper wedge 558	



	

	

 IBR topography provides clues about its present structural behaviour when considered 559	

in the context of a critical taper wedge. The surface slope, and basal detachment dips define 560	

the gross thrust belt wedge geometry, whose shape is controlled by the interplay between 561	

basal detachment and wedge strength, and pore fluid pressure (Davis et al., 1983; Dahlen, 562	

1984, 1990; Dahlen et al., 1984). When a wedge reaches critical taper it can propagate 563	

towards the foreland, at sub-critical taper it will deform internally without foreland 564	

propagation (e.g. Davis et al., 1983; Dahlen, et al., 1984), leading to synchronous and out-of-565	

sequence thrusting (Morley, 1988).  Both sedimentation and erosion modify the surface slope 566	

angle, and exert an influence on whether a wedge can attain critical taper (e.g. Storti and 567	

McClay, 1995; Morley, 2007; Simpson, 2010).  568	

The basal detachment in the Western Outer Belt of the IBR forms a highly 569	

overpressured, bed-parallel detachment in Neogene or Oligocene shales at variable depths 570	

between about 3 and 6 km depth (Maurin and Rangin, 2009; Bekta 2018). Further eastwards 571	

the basal detachment cuts deeper into the stratigraphy to involve Palaeogene, Late 572	

Cretaceous, and Triassic units (Fig. 2; Maurin and Rangin, 2009), however, the dip angle of 573	

the basal thrust below the Eastern Outer Belt and Inner Belt is poorly constrained. Passing N-574	

S along the IBR the topography is asymmetric with the SE or E side of the ranges exhibiting 575	

a steeper average surface slope, than the wider western slope, as would be expected for the 576	

retro-wedge and pro-wedge of an accretionary prism (Fig. 24; Maurin and Rangin, 2009).  577	

Profiles A-C cover the northern part of the ranges where the fold and thrust belt dies 578	

out into the foreland basin of the Himalayas. The pro-wedge is relatively narrow (< 100 km) 579	

and can be fitted well to a single average slope. In the NE region where the IBR impinges on 580	

the Himalayas the surface slope decreases considerably (Fig. 24 profile A) from 2.3° to 0.6°. 581	

The Shillong Hills are another large topographic range that is juxtaposed locally with the 582	



	

	

Indo-Burma Ranges, and is accompanied by a decrease in both the pro-wedge and retro-583	

wedge slope angle, compared with adjacent regions.  584	

South of the Shillong Hills the pro-wedge morphology changes considerably 585	

compared with Figure 24 profiles A, B, C.  The impressively thick (up to 25 km) Cenozoic 586	

sediment depocentre of the Bengal Trough lies on the west side of the IBR (Fig. 24), and this 587	

is where the Western Outer Belt detachment is present. The very low 0.2°-0.4° surface slope 588	

(Fig. 24 profiles E-K) implies a super-weak detachment, probably due to near lithostatic 589	

overpressures (see discussions in Suppe, 2007; King and Morley, 2017; Morley et al., 2018). 590	

For the Eastern Outer Belt the average surface slope angle ranges between 0.7° and 2.3°. The 591	

critical taper of the belt is higher due to the increase in dips of both the surface slope and the 592	

basal detachment (3.4°-5°), which ramps down eastwards from about 6 km to 12-15 km depth 593	

(i.e. Maurin and Rangin, 2009). The considerable change in wedge taper between the 594	

Western Outer Belt (<2°), and the Eastern Outer belt (estimated around 4-7°) probably 595	

reflects the presence of older, stronger units within the wedge, and the basal detachment lying 596	

in older, stronger rocks. The basal detachment is probably overpressured, but is stronger than 597	

the shallow detachment levels due to episodic loss of fluid during seismic activity, and the 598	

heterogeneous nature of the units forming the shear zone (e.g. Saffer and Bekins, 2002; 599	

Screaton et al., 2009; Saffer and Tobin, 2011; Tesei et al., 2015).  600	

 The width of the high (western dipping) surface slope zone varies considerably, from 601	

about 125 km to 20 km. On profile E (Fig. 24) the zone is narrow due to the presence of the 602	

Imphal Basin, a pull-apart type basin formed along the Churachandpur-Mao Fault (e.g. 603	

Ibotombi and Singh, 2007). In this region strike-slip faulting has dramatically reduced the 604	

critical taper of the wedge.  605	



	

	

The greatest width (~125 km) of the Eastern Outer Belt is seen on profile F (Fig. 24), 606	

which marks the region of broadest, thickest Cenozoic sediment deposition in the belt. The 607	

retro-wedge is well developed here, with a high east-dipping average surface slope value of 608	

3.2°. Typically, in analogue experiments the pro-wedge exhibits slopes that correspond with 609	

the minimum critical taper, while retro-wedges exhibit intermediate slopes between the 610	

minimum and maximum critical taper values, or the angle of a stable non-critical wedge (e.g. 611	

Wang and Davis, 1996; Storti et al., 2000). In a pure convergent system pro-wedges grow by 612	

frontal and basal accretion, whereas retro-wedges grow by thrusting of the pro-wedge up the 613	

retroshear zone (Willet et al., 1993).  614	

The Indo-Burma Ranges differ from the analogue models of retro-wedges in two 615	

ways related to the evolution and the highly oblique convergent nature of the belt. First, the 616	

accretion of large sediment volumes to the belt, particularly during the Late Cretaceous and 617	

Cenozoic, together with the effects of the Himalayan Orogeny, has resulted in westwards 618	

migration of the active belt of deformation, with the eastern part of the wedge buried beneath 619	

the forearc basin. Consequently, unlike the analogue models where the retro-wedge remains 620	

in a fixed position (e.g. Storti et al., 2000; see review in Graveleau et al., 2012), the active 621	

retro-wedge in the Indo-Burma Ranges is located considerably to the west of the eastern 622	

margin of the Mesozoic accretionary prism (e.g. Ki Khin et al., 2017; Zhang et al., 2018). 623	

Hence, late retro-wedge vergent structures are superimposed on pro-wedge vergent structures 624	

(as described in section 3.2.). Strain partitioning in the belt enables the Western Outer Belt to 625	

be purely convergent in nature according to Betka et al. (2018), while the strike-slip 626	

component of the plate convergence is concentrated in the eastern part of the IBR. As we 627	

observe in the Kalemyo and Kanpetlet-Mindat areas, late transpressional overprinting of the 628	

retro-wedge area is the dominant structural style (Section 4).  629	



	

	

The location of the major retro-wedge slope is variable. In the Kalemyo area (profile 630	

F, Fig. 24) deformation of the retro-wedge has resulted in exhumation of the ophiolites and 631	

the Pane Chaung Formation. But in the next profile to the south (G, Fig. 24) a similar value 632	

retro-wedge slope (3.4°), occurs where Palaeogene section is exposed at the surface, and the 633	

the older units to the east (Cretaceous-Triassic) are associated with a much lower slope 634	

profile (0.6°), suggesting that the active fault distribution has changed considerably between 635	

the profiles F and G. This changing pattern continues to the south, where in the Mount 636	

Victoria area in profile H, there is the exhumation of the Kanpetlet Schists at the highest part 637	

of the profile. The retro-wedge slope averages 2.1°, lower than to the north, which may 638	

reflect the importance of the Kheng Fault on the uplift of the belt, which lies west of Mount 639	

Victoria, rather than faults on the eastern side of the belt. 640	

3.7. Cenozoic structure of the southern IBR 641	

During the Palaeocene-Eocene the IBR are thought to have developed in an 642	

accretionary prism (e.g. Moore et al., 2019) before colliding with India, and evolving into a 643	

sub-aerial fold and thrust belt. However, the early Paleogene marks the end of a tectonic phase 644	

where the IBR/West Burma Terrane were translated from 5° S to 4° N and rotated 60° 645	

(Westerweel et al., 2019). Hence deformation during phase may have included considerable 646	

strike-slip or oblique-slip motion, not just simple plate convergence. The differentiation in 647	

behaviour that is now characteristic of the IBR (see section 3.6) developed during the 648	

Palaeogene, as the history of convergence with India affected different parts of the margin in 649	

different ways. In particular there is a pronounced transition in structural style around 19°30’ 650	

N., where north of this latitude structures (folds, thrusts, strike-slip faults) tend to be sub-651	

parallel to progressively divergent (Figs. 1 and 21). More NNW-SSE oriented structures occur 652	

in the outer belt (Fig. 1), and more N-S trending structures are present in the inner belt (Fig. 653	

21). There is also a clockwise rotation in structural orientation passing northwards within the 654	



	

	

IBR (Fig. 1). But altogether the IBR north of 19°30’ N exhibits a low divergence of structural 655	

orientations compared with the area to the south. In the Ramree Island area there are the 656	

circular and elliptical fold features in Cenozoic deepwater sedimentary rocks with a variety of 657	

orientations indicative of deformation of mobile, overpressured shale-prone sequences (e.g. 658	

Maurin and Rangin, 2009; Moore et al., 2019). This structural style coincides with a belt of 659	

deformation in the northern part of the southern area (south of 19°30’ N) where strong NW-SE 660	

trends in bedding and strike-slip faults are present (Nielsen et al. 2004; Rangin, 2017; Figs. 25, 661	

26), The trends are particularly strong on the western side of the belt, and are more N-S 662	

oriented at the eastern margin of the IBR (Fig. 25C,D). Rangin (2017) calls this the Play-663	

Prome Shear Zone, and relates this zone to a major tectonic boundary between an accreted 664	

Indian Ridge to the south, and the Burma Platelet to the north.  Passing further south the IBR 665	

curve to an overall NNE-SSW trend (Fig. 25). Most of the IBR are located offshore in the 666	

south and only the eastern-most part of the belt is observed onshore.  667	

A series of NNE-SSW to N-S trending linear strike-slip faults affect the onshore area 668	

(Fig. 26B), and passing westward faults and bedding tend to curve to a NW-SE orientation, 669	

with dextral strike-slip faults curving into NW-SE thrusts (Figs. 25,26). This deformation 670	

pattern was shown to a limited extent by Nielsen et al. (2004), now higher resolution satellite 671	

data shows a high density of structures with these characteristics (Fig. 25). Offshore, north of 672	

~19°30’ N, the Outer IBR are characterised by relatively simple folds in the Neogene section 673	

(Figs. 1 and 25A; Jain et al. 2010). To the south the Rakhine margin is very different. 674	

Offshore, west of the Irrawaddy Delta, Oligocene-Recent sand and shale –dominated 675	

sequences overlie Eocene Carbonates, indicating a transition from the extensive Eocene 676	

clastics onshore in both the IBR and Central Basin. The high Oligocene-Pleistocene clastic 677	

sediment load caused the development of gravity-driven, listric normal fault-bounded 678	

depocentres that were episodically inverted (Fig. 25B,D). The development of such inverted 679	



	

	

depocentres is known from some other forearc basins (e.g. Hawkes Bay, New Zealand, Barnes 680	

et al. 2010; the Makran, S. Asia, Back and Morley, 2017). However, overall the Rakhine 681	

margin does not resemble a classic accretionary prism-forearc basin, where for example in the 682	

Hawkes Bay and Makran examples the accretionary prism fold and thrust belts are 683	

considerably better developed than the narrow zone present on the Rakhine margin. The reason 684	

for the differences reflect the strike-slip dominated nature of the Rakhine margin (e.g. Rangin, 685	

2017, 2018), where the eastern belt of strike-slip and thrust faults accommodates most of the 686	

plate motion, leaving less structural activity in the offshore slope region (Nielsen et al., 2004), 687	

coupled with the high rates of sedimentation leading to gravity-driven deformation on the 688	

shelf. The narrow, deepwater fold and thrust belt offshore at the transition to the flat-lying 689	

abyssal ocean floor,  that has developed since the Eocene appears to be a mixture of gravity-690	

driven fold and thrust structures, large-scale mass wasting features,  and basement-involved 691	

strike-slip structures (e.g. Nielsen et al., 2004; Rangin, 2018).   692	

The anomalous region of deformation between the Nicobar Islands to the south and 693	

the latitude of 19°30’ N to the north, is interpreted here as a lithosphere-scale transfer zone 694	

between Indian Oceanic crust subduction to the south, and subduction of the Neotethys 695	

remnant (or thinned Indian continental crust) to the north, where there is evidence for a short 696	

slab dipping between 25°-60° down to about 160 km depth (e.g. Stork et al., 2008; Pesicek et 697	

al., 2010; Sloan et al., 2017). There is virtually no deep (> 50 km) seismicity, in this region of 698	

anomalous deformation (Rangin, 2017; Sloan et al., 2017), where mantle tomography and 699	

gravity modelling suggest there is no subducting slab (Rangin, 2017; Yadav and Tiwari, 2018). 700	

Consequently, this region appears to be absent of Oligocene-Neogene (?) subduction (Rangin 701	

et al., 2013). The Neotethys slab has detached, leaving a remnant slab dominated by NNE-702	

SSW dextral strike-slip motion (Nielsen et al., 2004), overlain by an orogenic wedge where 703	

strike-slip faults splay and curve anti-clockwise into thrusts.  704	



	

	

4. Tectonic evolution of the IBR  705	

The West Burma Terrane, including the Indo-Burma Ranges has been subject to a 706	

great variety of restorations regarding its tectonic position, and when and how it collided with 707	

SE Asia (Table 2; see reviews in Searle et al., (2017) Barber et al. (2017). Recently, two new 708	

constrains on the palaeo-position of the West Burma Terrane have been developed, 709	

concerning palaeomagnetic data for the West Burma Terrane, and provenance data for the 710	

Pane Chaung Formation as discussed below.  711	

A recent, detailed, palaeomagnetic study of well-dated Late Cretaceous igneous and 712	

Eocene sedimentary sequences in the Wuntho-Popa Arc indicates that West Burma lay 713	

around 5°S in the Late Cretaceous (97-87 Ma), and 4°N in the Late Eocene (Westerweel et 714	

al., 2019). These palaeo-positions mark two key periods in the development of the IBR. The 715	

Late Cretaceous paleolatitude imposes constraints on models for the Pane Chaung Formation, 716	

and ophiolite development. While the Late Eocene paleolatitude occurred at the time when 717	

the accretionary history of the IBR was largely finished and significant dextral strike-slip 718	

motions about to be superimposed on the area. Between the Late Cretaceous and Late Eocene 719	

palaeo-positions West Burma underwent a drift of c. 9°N, and also c. 60° clockwise rotation 720	

(Westerweel et al., 2019).  721	

The Pane Chaung Formation shows very similar fossil, sedimentary, provenance 722	

(recycled orogen), and detrital zircon provenance characteristics (zircon ages, ɛHf (t) values) 723	

with the Langjiexue Group (Wang et al., 2016). This in turn implies deposition adjacent to 724	

the Indian area of northern Gondwana during the Late Triassic (Cai et al., 2016; Wang et 725	

al., 2016). Based on the 5°S palaeo-position of the Wuntho-Popa arc, and the correlation 726	

of the Pane Chaung Formation with the Langjiexue Group (exposed south of the Yarlung-727	

Zangbo Suture in South Tibet), two basic scenarios for the depositional location of the Pane 728	



	

	

Chaung Formation can be proposed: 1) The Pane Chaung Formation was part of the future 729	

NE Indian Continental margin within northern Gondwana (Wang et al., 2016). 2) The Pane 730	

Chaung Formation was deposited on the West Burma Terrane, which in the Late Triassic, 731	

was located on northern Gondwana adjacent to the future NE region of NE India. In both 732	

these scenarios the unconformity with the Albian-Cenomanian limestone (i.e. in the broad 733	

age range of 110-95 Ma), of the Paung Chaung Formation, is an important constraint 734	

because the limestone unconformably overlies Kanpetlet Schists and Pane Chaung 735	

Formation, and contains clasts of these units (United Nations, 1979; Mitchell, 1993; 736	

Mitchell et al., 2010). This indicates that by the Mid Cretaceous the Pane Chaung 737	

Formation was overlain by deposits inferred to be related to the West Burma Terrane.  738	

Tectonic models for the IBR-West Burma Terrane 739	

A summary of the key tectonic models proposed in the literature for the IBR is 740	

presented in Figure 27. The cross sections are based on the widely reproduced cross-section 741	

that first appeared in Maurin and Rangin (2009). The key differences in the models are as 742	

follows: 743	

A) The IBR are underlain by Indian Oceanic crust, ophiolites marking the Tethys 744	

suture were emplaced during the Maastrictian, and underlie the western part of the 745	

Central Basin, and subsequent strike-slip deformation has considerably modified 746	

the area (Rangin et al., 2013; Rangin, 2018).   747	

B) The IBR are underlain by Indian Oceanic crust. Ophiolites marking the Tethys 748	

suture were emplaced prior to the Aptian-Cenomanian unconformity (overlain by 749	

mid-Cretaceous limestones), onto a micro-plate (Mt Victoria Land), rifted from 750	

India, and bearing the Triassic Pane Chaung Formation and Kanpetlet Schists. The 751	



	

	

microplate subsequently collided with the West Burma Terrane, at around 5° S in 752	

the Late Cretaceous.  753	

C) Accretionary prism model for the IBR-West Burma Terrane where the ophiolites 754	

are accretionary-type, and have been emplaced as slices at various times during 755	

Jurassic-Eocene subduction (Harlow et al., 2014; Fareeduddin and Dilek, 2015; 756	

Hla Htay et al., 2017; Barber et al., 2017). The Pane Chaung and Kanpetlet 757	

Schists were deposited on the West Burma Terrane, which lay adjacent to NE 758	

India in Northern Gondwana, during the Triassic. 759	

D) Accretionary prism model for IBR-West Burma terrane, where ophiolites are 760	

accretionary-type. The accretionary prism built out from the Sunda margin since 761	

Jurassic times (Zhang et al., 2018).  762	

The provenance data on the Pang Chaung Formation and the Late Cretaceous palaeo-763	

position of the West Burma Terrane do not fit with the Sunda margin origin for D) above, so 764	

this model will not be discussed further. A key difference between model A, and models B 765	

and C is that in A) ophiolite emplacement is viewed as occurring during the Maastrictian. 766	

This interpretation runs up against two contradictory pieces of information: 1) ophiolite 767	

fragments unconformably underlie the Paung Chaung Formation in the Southern Chin Hills, 768	

indicating some ophiolite emplacement pre-dates the mid-Cretaceous (United Nations, 1979; 769	

Mitchell, 1993; Mitchell et al. 2010; Appendix 1). 2) In the Kalemyo area, at Webula Bula 770	

the metamorphic sole (indicative of the timing of emplacement) is dated around –114-119 Ma 771	

(Table 1; Zhang, J. et al., 2017, 2018).  For Maastrictian emplacement to be viable, an 772	

alternative explanation to the field observations made in United Nations (1979) must be 773	

offered. But even if this is done, the age of the metamorphic sole does not fit with 774	

Maastrictian emplacement. Some more regional evidence for Early Cretaceous tectonic 775	

activity also needs to be considered. Advocaat et al. (2018) indicate the Woyla Arc collision 776	



	

	

with Sumatra was diachronous between 113 Ma and 95 Ma. The onset of collision at 113 Ma, 777	

to the east of the West Burma Terrane, is close to the age of the Paung Chaung Unconformity 778	

(~105 Ma) in the southern IBR, and formation of the metamorphic sole in the Kalemyo 779	

region (~114-119 Ma, Table 1; Zhang et al., 2017). Indicating a possible link between that 780	

unconformity, ophiolite emplacement and the Woyla Arc collision. Peak igneous activity in 781	

the Wuntho-Popa arc was reached around 100 Ma, then declined (Fig. 28) 782	

Model B (Fig. 27), is constructed to fit the constraints imposed by a) Pane Chaung 783	

provenance (Wang et al., 2016), b) the 95 Ma palaeolatitude of the West Burma Terrane 784	

(Westerweel et al., 2019), and c) the Aptian-Cenomanian limestone unconformity (United 785	

Nations, 1979). Around 95 Ma West Burma was located at 5°S at 95 Ma, which is too far 786	

northwest to collide with India (Fig. 29). Hence, collision with a microcontinent rifted from 787	

the Indian Plate, and moving ahead of India is required instead (Fig. 29). This microplate 788	

fits with the concept of the Pane Chaung Formation and Kanpetlet Schists originating on a 789	

terrane known either as Mt Victoria Land or the Burma micro-block (Mitchell, 1985; 790	

Acharrya, 2007; Rangin et al., 2013). The Indian Plate origin requires ophiolite 791	

emplacement onto Mt Victoria Land prior to collision with West Burma (Fig. 29A). 792	

However, there is only a limited area of thickened crust in the IBR (Appendix 2), and the 793	

microplate would have to be a narrow strip, of thin crust to fit (Fig. 27B). The scenario is 794	

convoluted, but it indicates the issues required to honour all the key data. The problems 795	

with the scenario may well be indicating that one or more key constraints are not viable.  796	

Scenario C (Figs. 27C, and 30), addresses two issues with the previous models: 1) 797	

timing of ophiolite emplacement, and 2) an Indian plate origin for the Pane Chaung 798	

Formation, but without the problematically narrow Mt Victoria Land microplate. In 799	

scenario C ophiolites were emplaced episodically as accretionary (Franciscan)-type (see 800	

section 2.1.1 Ophiolites), that are not associated with collision or obduction (Harlow et al., 801	



	

	

2014; Fareeduddin and Dilek, 2015; Hla Htay et al., 2017; Barber et al., 2017) The West 802	

Burma Terrane is considered to have been positioned next to India, in Gondwana, and rifted 803	

off, carrying part the Pane Chaung Formation province with it. In such scenario, there is 804	

then the problem of how to work the Pane Chaung Formation into an accretionary prism 805	

setting (Fig. 30 A,B).   806	

Which of the scenarios A-C are more appropriate, or if a new scenario is needed, 807	

remains uncertain, but can be addressed through further palaeomagnetic work, improved 808	

understanding of ophiolite development, dating of metamorphism in the Kanpetlet Schists 809	

and a better understanding of the Pane Chaung Formation depositional systems.  810	

Between 90 Ma and 80 Ma, subduction of the fast-moving Neo-Tethys part of the 811	

Indian Plate commenced, as India rifted from Madagascar (c. 90 Ma), and between 80-65 Ma 812	

moved northwards at rates exceeding 15 cm/yr (see review in Zahirovic et al., 2016). 813	

Curiously, this time period is marked by an absence or marked decline in igneous activity in 814	

the Wuntho-Popa arc (Fig. 28), suggesting it was not experiencing subduction below the arc 815	

at this time. Instead, important strike-slip translation and rotation of West Burma may have 816	

occurred between 80 Ma and 65 Ma, which is marked by deposition of the Falam Formation. 817	

The period between 70 Ma and 60 Ma coincides with the Paunggyi Conglomerate 818	

unconformity, erosion of ophiolites (uplift of the forearc basin), and the emplacement of the 819	

Sin Chaung Exotics (mélange) (Fig. 30D; see Appendix 1 for details of the unconformity and 820	

Sin Chaung Exotics).  821	

Deepwater depositional conditions in the IBR persisted into the Middle Eocene. A 822	

major change occurred when the Naga ophiolitic melange complex was eroded, and the 823	

ophiolite clast-rich Jopi-Phokpur Formation (molasses) was unconformably deposited over 824	

the Late Cretaceous-Middle Eocene flysch deposits and ophiolites (Figs. 28, 30; Ghose et al., 825	



	

	

2014).  In the northern IBR this collision has continued to the present day, while further 826	

south, the collision was transient or avoided (e.g. Nicobar and Andaman islands). The 827	

transition from a submarine to a sub-aerial fold-and-thrust belt in the northern part of the IBR 828	

started around the time (c.40 Ma) when West Burma was located approximately 4°N 829	

(Westerweel et al., 2019).  830	

 In order to move West Burma ~2100 km north, from 4°N at c.40 Ma to 24°N today, 831	

requires an average velocity of 5.2 cm/yr. This rate is in line with the velocity history of the 832	

Indian Plate for the same time period, which moved northwards by ~2400 km  (average 833	

velocity 6 cm/yr; e.g. O’Neill et al., 2005; van Hinsbergen et al., 2011). The comparable 834	

velocities, palaeolatitude data, and onset of molasse deposition suggest West Burma was 835	

coupled with India by the Late Eocene. In Figure 31 this coupling is shown as occurring by 836	

the collision of the northern part of the Western Burma Terrane with a promontory of Greater 837	

India. Such a promontory is suggested by the interpretation that the Bay of Bengal is partially 838	

underlain by hyper-extended, underplated and intruded, continental crust (Sibuet et al., 2016), 839	

not oceanic crust.  One issue is how the ocean closed up on the east side of West Burma, and 840	

Sundaland (Fig. 31), for which evidence for ophiolites, or an accretionary prism in the Shan 841	

Scarp region is lacking. However, there is evidence for Late Cretaceous-Paleogene arc-842	

related volcanism, and some metamorphism along the western margin of the Shan Plateau, 843	

and Peninsula Myanmar and Thailand (see reviews in Morley, 2011 and Gardiner et al., 2015, 844	

2018). The issue of evidence for ocean closure can be mitigated by moving the eastern 845	

margin of West Burma along a transform margin (Fig. 31). The presence of a transform 846	

margin, called the I-A Transform, has been proposed by Hall (2012) to accommodate the 847	

marked difference in velocity during the early Palaeogene between the fast moving Indian 848	

Plate, and the slow moving Australian plate. The I-A Transform also fits well with the rapid 849	

northwards displacement of the West Burma Terrane, required by the palaeomagnetic data 850	



	

	

(Westerweel et al., 2019).  The Sagaing Fault has traditionally been regarded as a relatively 851	

young feature (Middle Miocene or younger), while the Shan Scarp marks an older major 852	

Cenozoic strike-slip fault zone (e.g. Bertrand et al, 2001; Bertrand and Rangin 2003, Sloane 853	

et al., 2017). The only suitable location for the eastern margin of the West Burma terrane as 854	

far back as the Late Eocene is somewhere between the Sagaing Fault and the Shan Scarp 855	

Fault, and is simplest if the Shan Scarp Fault (Bertrand and Rangin, 2003) marks the 856	

boundary. Whether that interpretation can be justified by field evidence requires further 857	

study.  858	

 The Oligocene period is marked by E-W extension in the eastern Andaman Sea, and 859	

activity along, at least, the northern part of the Sagaing Fault (Morley and Arboit, 2019). The 860	

Palaeogene section of the IBR and Central Basin is primarily sourced from the Wuntho-Popa 861	

Arc, and only during the Neogene did the Himalayas become a significant source of sediment 862	

for the Central Basin (e.g. Allen et al., 2008; Wang, J.-G., et al., 2014; Kyaw Linn Oo, 2015; 863	

Licht et al., 2018). This shift indicates when, during northwards motion the West Burma 864	

Terrane was finally close enough to connect with drainage from the Himalayas, coupled with 865	

onlap and covering of the Wuntho-Popa arc by Oligocene-Miocene sediments in the Pegu 866	

Yoma.  867	

 During the Early Miocene-early Late Miocene the Central basin experienced NNW-868	

SSE oriented, dextral transtensional deformation that resulted in numerous ENE-WSW 869	

trending normal faults, following R’ shear orientations (Morley and Searle, 2017). Such 870	

faults are known to be extensively present further south in the East Andaman Basin, where 871	

they are of Early Miocene-early Middle Miocene age (Curray, 2005; Srisuriyon and Morley, 872	

2015; Morley, 2017). A switch to more transpressional deformation occurred during the Late 873	

Miocene in the Central Basin, which gave rise to the major hydrocarbon-bearing anticlines in 874	

the basin (Pivnik et al., 1997; Bertrand and Rangin, 2003). This significant change in 875	



	

	

structural style can be viewed as symptomatic of major regional structural changes in the 876	

Indo-Burma Ranges. Following coupling with India around 40 Ma, and a period of 877	

shortening that lasted into the Early Oligocene, subduction along the IBR would have ceased 878	

(Rangin et al., 2013). To maintain a similar displacement velocity as India, requires little 879	

significant deformation between the IBR and India, with virtually all displacement focussed 880	

on the eastern margin of the West Burma Terrane. This lack of tectonic activity in the IBR is 881	

seen by the development of Oligocene-Miocene listric-normal fault controlled depocentres in 882	

the offshore Rakhine area (section 3.7; Rangin, 2018).  However, by the Late Miocene, the 883	

dextral motion between West Burma and Sundaland became increasingly resisted. Relative 884	

motion changed from >90% of Indian Plate motion (as required by the translation of the West 885	

Burma block north, Westerweel et al., 2019) to c. 50% (as indicated by modern displacement 886	

rates on the Sagaing Fault, see review in Rangin et al., 2013). This change resulted in the 887	

onset of transpressional deformation within the Central Basin, and the strong Late Miocene-888	

Recent dextral-transpressional deformation of the Indo-Burma Ranges, described here and in 889	

Maurin and Rangin (2009). The 300 km discrepancy in northwards motions between India 890	

(2400 km motion) and West Burma (2100 km), could be explained by c. 200 km dextral 891	

motion between India and West Burma from 10 Ma-Present (i.e. 50% of current plate 892	

motion), and c. 100 km dextral motion for the period between 40 Ma and 10 Ma.  893	

Post-Eocene subduction of Indian Plate oceanic crust has occurred at a high rate 894	

below Sumatra, while passing north the amount of subduction beneath West 895	

Burma/Sundaland decreased to zero, with the slab being absent north of the Andaman-896	

Nicobar islands (e.g. Rangin et al., 2013; Yadav and Tiwari , 2018; Rangin, 2018) and 897	

displacement was transferred onto the I-Y Transform margin (Fig. 31). The region where 898	

subduction is absent in the offshore, southern IBR coincides with the area of anomalous 899	

structure in the southern IBR, that lies south of 19°30’ N (section 3.4.). 900	



	

	

 901	

5. Discussion and Conclusions 902	

 The IBR is a key modern example of an active orogenic wedge that evolved from a 903	

complex accretionary prism setting and now lies highly oblique to a major orogenic belt. The 904	

early history of the IBR is critical for understanding the tectonic evolution of the eastern 905	

Tethys ocean. While the post-collisional history is important for demonstrating the response 906	

of an orogenic wedge to prolonged (>40 my) transpressional deformation. This response 907	

includes atypical retro-wedge development and development of a crustal-scale strike-slip 908	

transfer zone between two regions of oblique subduction.  909	

An accretionary-type origin for some of the highly dismembered, variable size 910	

fragments of oceanic lithosphere present in the IBR is favoured here (e.g. Fareeduddin and 911	

Dilek, 2015; Ki Khin et al., 2017; Zhang, J. et al., 2017), where slivers of oceanic lithosphere 912	

are emplaced within an accretionary prism as part of an ongoing processes (e.g. skinning, 913	

extrusion from a subduction channel) during subduction. This origin does not require specific 914	

collisional events to be associated with the emplacement of oceanic crust fragments. 915	

However, the possibility needs to be considered, that the Pane Chaung Formation was 916	

deposited on an India-related microcontinent, that collided with the West Burma Terrane in 917	

the late Early Cretaceous, following a phase of ophiolite obduction. We suggest that the Naga 918	

hills – Kalemyo zone of ophiolites represents a broad, complex suture zone that marks the 919	

closing of a succession of back-arc and major ocean basins in the Tethyian realm, and marks 920	

the India-Asia suture zone in Myanmar. The zone contains fragments of Cretaceous oceanic 921	

lithosphere, Mesozoic radiolarian cherts, alkali volcanic rocks and mélanges very similar to 922	

the IYSZ in Tibet. From the review by Hebert et al. (2012) key events in the IYSZ comprise: 923	

1) a subduction-related Jurassic intra-oceanic arc formed around 180-150 Ma, 2) around 130-924	



	

	

88 Ma a fast-spreading intra-arc ridge developed related to slab rollback, high pressure 925	

metamorphics were exhumed, and the intra-arc basin provided most of the Yarlung suture 926	

zone relicts, 3) Late Cretaceous obduction of the intra-arc basin and remnant arc onto the 927	

active arc. The timing of these elements in the IYSZ is very much in line with the IBR, with 928	

the Jurassic events in the Inner Belt and Jade Belt (180-150 Ma); the 130-115 ages of 929	

Kalemyo and Naga oceanic lithosphere fragments, and the ~90 Ma Kabaw Formation, Paung 930	

Chaung Formation unconformity (Fig. 28). In more detail the history of arcs, microplates, 931	

and back-arc basins in the IYSZ and IBR are different. The scenario where Mt Victoria Land 932	

collides with the West Burma Terrane in the mid-Cretaceous is one such difference. 933	

Exhumation and erosion of the ophiolites, outside of the Mt Victoria Land collision, is 934	

unrelated to obduction, but instead marks periods of uplift and erosion of the former 935	

accretionary prism associated with India-West Burma collision, West Burma-Sundaland 936	

transpressional convergence, and plate re-organizations.  937	

The history of deformation in the Indo-Burma Ranges includes extensional faulting 938	

close to the time of deposition of the Pane Chaung Formation during the Late Triassic to 939	

Early Jurassic. The tectonic position of the Pane Chaung Formation is key to understanding 940	

the early history of the IBR, but remains controversial (Table 2). We prefer two scenarios, 941	

either deposition on Mt. Victoria Land, or on West Burma Block that in either case lay 942	

adjacent to NE India within Gondwana, but further data is needed to discriminate between 943	

them. Fragmentary geochronological evidence from a few poorly located metamorphics from 944	

the Jade Belt region suggests ocean floor was generated during the Early Jurassic, while 945	

subduction generated high pressure-low temperature metamorphism around 150 Ma (Table 946	

1). Much more substantiation of this early history is necessary. The issues of the Pane 947	

Chaung palaeogeographic setting, and Jurassic ophiolite development have a profound 948	



	

	

impact regarding how plates are reconstructed on the SE Asian margin during the early 949	

Mesozoic (Section 4.).  950	

Probably much of the metamorphism and deformation in the Kanpetlet Schists 951	

occurred between the Jurassic and mid-Cretaceous, since clasts of ophiolitic material and 952	

schist are found in the Paung Chaung Formation and the Sin Chaung Exotics (United 953	

Nations, 1979a; Appendix 1). The gap in preserved, or exposed deposits of Late Jurassic-954	

early Late Cretaceous age in the IBR is highly problematic to explain in the context of a 955	

prolonged accretionary prism story, and are simplest to explain in the Mt Victoria Land 956	

collision scenario. The peak of Wuntho-Popa Arc volcanism around 100 Ma (e.g. Mitchell, 957	

2017; Gardiner et al., 2015, 2018) indicates active subduction in the vicinity of the IBR/West 958	

Burma Terrane.  Around 84 Ma deposition of the Falam and Kabaw Formation was initiated, 959	

both formations unconformably overlie the Pane Chaung Formation. The Pane Chaung 960	

Formation was subject to a more complex history of superimposed folding and faulting than 961	

the overlying Falam Formation. Both the Falam and Chunsung Formations are thought to be 962	

related to subduction of the Neo-Tethys oceanic crust, with deformation decreasing in 963	

intensity from the Falam to the Chunsung formations. However, the Campanian-Maastrictian 964	

decline in Wuntho-Popa arc activity, does not fit well with a simple Late Cretaceous 965	

subduction setting for the IBR. The tectonic setting for this period is not well understood, but 966	

requires both northwards translation of Western Burma of around 9° from 5°S, along with 967	

60° rotation during the period from 95 Ma to 45 Ma (Westerweel et al., 2019). 968	

India probably coupled with western Myanmar around 46- 40 Ma, subduction was 969	

halted, and widespread uplift and erosion is marked by Late Eocene-Oligocene molasse 970	

deposits that unconformably overlying flysch, ophiolite and metamorphic units. Highly 971	

oblique motion of India with respect to SE Asia resulted in extensive development of strike-972	

slip faults (Rangin et al., 2013; Rangin, 2017, 2018). During the Late Miocene-Recent strike-973	



	

	

slip deformation became increasingly important within the Central Basin, and probably also 974	

affected the Core region (Figs. 7C, 11, 16, 18; Keng, North and South Kabaw faults).  975	

Sedimentary provenance studies indicate the Palaeogene section of the Central Basin and IBR 976	

was predominantly locally sourced from the Wuntho-Popa Arc, whereas Himalayan sources 977	

became more important during the Neogene (Allen et al., 2008; Wang, J.-G. et al., 2014; 978	

Kyaw Linn Oo et al., 2015; Licht et al., 2018).  979	

The present day topography of the sub-aerial wedge is very different from its past 980	

history as a submarine wedge. Variations in average surface slope angle reflect the changing 981	

nature of the basal detachment, impingement of the wedge on adjacent highs (Shillong Hills, 982	

Eastern Himalayas) and development of a highly oblique slip core zone, with some modified 983	

retro-wedge features. The Kabaw Fault, which has been considered as a key component of 984	

the retro-wedge, is not a continuous feature, and should be considered as at least two separate 985	

faults (the North and South Kabaw fault zones). Departures of the IBR from retro-wedge 986	

development in pure convergence analogue models include: 1) late retro-wedge vergent 987	

structures have migrated towards the inner ranges with time to become superimposed on pro-988	

wedge vergent structures. 2) Late transpressional overprinting of the retro-wedge area is the 989	

dominant structural style. 990	

The southern IBR developed a structural style during the Oligocene-Recent (Fig. 25) 991	

that is dissimilar to the IBR north of 19°30’ N, and most accretionary prisms/orogenic 992	

wedges. This style is characterised by transpressional structural geometries onshore, 993	

episodically inverted gravity-driven listric normal fault systems offshore and only a very 994	

narrow, probably gravity-driven deepwater fold and thrust belt (Fig. 26). The cause is 995	

inferred to be a late Eocene to post-Eocene lithospheric-scale strike-slip zone (e.g. Rangin et 996	

al., 2013, Rangin, 2017) that acted as a transfer zone between two regions of oblique 997	

subduction to the N and S.    998	



	

	

 999	

  1000	

Acknowledgements 1001	

We would like to thank three anonymous reviewers and Mike Crow for detailed, constructive 1002	

comments that helped improve the manuscript. Ophir Energy, London, are gratefully 1003	

acknowledged for funding the Ph.D. project of TTN, and the associated fieldwork in the IBR, 1004	

Chiang Mai University are gratefully acknowledged for funding travel expenses of CKM. 1005	

Alexis Licht, Pierrick Roperch and Jan Westerweel are thanked for helpful discussions 1006	

regarding the geology of Western Myanmar. Andrew Mitchell and Claude Rangin are 1007	

thanked for many helpful, insightful, and spirited discussions of the geology of Myanmar 1008	

over many years.  1009	

Appendix 1 : Evidence for the timing of key unconformities in the Indo-Burma Ranges  1010	

1. Ages of key unconformities 1011	

 Mesozoic-Cenozoic unconformities associated with the Indo-Burma Range have been 1012	

established on the basis of 5 main observations: 1) map relationships, 2) presence of key 1013	

provenance indicators (e.g. ophiolite-derived clasts) in the sedimentary units overlying the 1014	

unconformity, 3) a decrease in structural intensity and/or metamorphic grade above and 1015	

below the unconformity, 4) time gap between adjacent units, and 5) direct observation of an 1016	

unconformable relationship (e.g. angular unconformity) in the field. However, often 5) is not 1017	

demonstrable due to limited exposure. Early workers have remarked on the close coincidence 1018	

between Cretaceous outcrops and ophiolites, for example according to Clegg (1941) ‘in every 1019	

locality where Cretaceous sediments are exposed, peridotites, or serpentinites are invariably 1020	

found’. Suggesting that the Cretaceous was a key time for ophiolite emplacement. We 1021	

address the key Cretaceous and Palaeogene unconformities below.  1022	



	

	

1.1.Paung Chaung Limestone 1023	

 Perhaps the most important, because it is the oldest, and most contentious 1024	

unconformity is the one between the Paung Chaung Formation and the stratigraphy of the 1025	

Eastern Belt (i.e. Kanpetlet Schists, Pane Chaung Formation, ophiolites, ophiolite mélange). 1026	

The map relationships of the Paung Chaung Formation are mostly known as a result of 1027	

extensive mapping in the Chin Hills area (United Nations, 1979, Mitchell et al., 2010; 1028	

Mitchell, 2017). The Paung Chaung Formation was first described in the Chin Hills area by 1029	

Gramman (1974), who identified the formation over a distance of 50 km. The name of the 1030	

formation is derived from the Paung Chaung stream, that lies 7 km NW of Saw (Fig. 22B). 1031	

Typically, the unit has a maximum stratigraphic thickness of 200 m, dips eastwards up to 70°, 1032	

is variably affected by weak to strong folding, and lies in a tectonically repeated belt, up to 1033	

800 m wide, (United Nations, 1979a). The Paung Chaung Formation appears sporadically 1034	

below another unconformity at the base of the Kabaw Formation (Fig. 2). Gramann (1974) 1035	

identified three fossiliferous horizons from the limestones in the Saw region (Fig. 22B) that 1036	

suggest a late Aptian to Cenomanian age. The Albian-Cenomanian Limestone is 1037	

unconformably overlain by the Campanian-Maastrictian Kabaw Formation and locally by 1038	

clastics and minor limestones of the Paunggyi Formation (United Nations, 1979). 1039	

 The Paung Chaung Formation is interpreted as being laterally equivalent to other 1040	

limestone and clastic sequences of Aptian-Cenomanian age that are present in northern 1041	

Myanmar. These include the amber-bearing clastic-carbonate sequences in the Hukawng 1042	

Basin (Cruickshank and Ko, 2002), and the Orbitolina-bearing limestones of the Naga Hills, 1043	

Jade Belt, and Myitkyina-Tagung areas (Clegg, 1941; Brunnschweiler, 1966; Chit Saing, 1044	

2000). According to Chit Saing the Orbitolina-bearing limestones were deposited in shallow 1045	

marine to protected lagoonal environments and are represented by the Nanhkolon, Namakauk 1046	

and Taungbwet Taung formations.  1047	



	

	

1.2. Chin Hills 1048	

 The Paung Chaung Formation and the overlying Kabaw Formation cover the Pane 1049	

Chaung Formation on the east side of the Chin Hills. Mapping by the United Nations (1979) 1050	

project shows that the Pane Chaung Formation outcrops immediately below the Paung 1051	

Chaung Formation. Dips in the Pane Chaung Formation are highly variable due to folding, 1052	

and range between overturned beds dipping between 16° and 70°, and right way up, dips are 1053	

predominantly eastwards. The overlying Paung Chaung and Kabaw Formation are folded, but 1054	

are less deformed, with no overturned beds, and dips commonly around 25-36° east (United 1055	

Nations, 1979). Hence both the map relationships and the intensity of deformation indicate an 1056	

unconformity between the Paung Chaung Formation and the Pane Chaung. Examples of a 1057	

clear exposure of the unconformity are not known (United Nations, 1979). However, at the 1058	

junction of the Mahin and Ngahamaing Chaungs, south of Shwelegyin, east-dipping black 1059	

laminated limestones (Paung Chaung Formation) are underlain by green pillow lavas, with a 1060	

serpentinte sheet, and quartz-dolomite rock present at the contact (United Nations, 1979; Fig. 1061	

A1 location X). The basal limestone in the Saw area is also reported to contain clasts of Pane 1062	

Chaung Formation sandstones, basaltic pebbles (inferred to be derived from pillow lavas), 1063	

serpentinite sand, and lava pebbles (United Nations, 1979; Mitchell, 2018).  1064	

 Quartz-dolomite-+/- chromium-rich mica rocks (listwanites) and quartz-carbonate 1065	

rocks (ophicalcite) are reported (United Nations, 1979) as sometimes occurring between 1066	

pillow lavas and the Paung Chaung Formation. Such rocks are typically the product of CO2-1067	

bearing hydrothermal fluids encountering and reacting with serpentinized mafic and 1068	

ultramafic rocks (Kashkai and Allakhverdiev, 1965; Sherlock et al., 1993; see review in 1069	

Hansen et al, 2004),   1070	



	

	

 One major issue is whether the contact between the Paung Chaung Formation and the 1071	

Pane Chaung Formation is structural or stratigraphic. If it is structural then the most likely 1072	

explanation is that the Kabaw Fault defines the contact. However, map and satellite analysis 1073	

indicates the South Kabaw Fault dies out south of Laungshe (Fig. 23) and that an 1074	

unconformity is present in the Saw area (as interpreted in United Nations, 1979).   1075	

1.3.Jade Mines Belt and western Hukawng Basin 1076	

 In the amber mines of the Hukawng Basin fossils indicate that the amber-bearing 1077	

section has an upper Albian-Cenomanian age, similar to the Orbitolina limestones 1078	

(Cruickshank and Ko, 2002). Dating of zircons from lithic clasts associated with the amber-1079	

bearing sedimentary rocks indicates the presence of volcanism in the area around 100 Ma, 1080	

and a maximum depositional age of 98.8 ± 0.62 Ma (Shi et al., 2012). This volcanism is 1081	

consistent with the known timing of magmatic activity in the Wuntho-Popa Belt (see 1082	

Gardiner et al., 2018 for a review). The lithologies in the amber mines are shallow marine 1083	

shales, carbonaceous sandstones, minor limestones and conglomerates (Cruickshank and Ko, 1084	

2002). These deposits are tightly folded, and contain clasts of chert, andesite, basalt, 1085	

serpentinite and actinolite schist, suggesting an ophiolite source (Cruickshank and Ko, 2002).   1086	

These authors mention the presence of Cretaceous limestones 45 km south of the amber 1087	

mines at Noije Bum, in the Jade Belt, that contain Orbitolina and amber (at Nam Sakahw). 1088	

The Jade Belt geological map (Fig. A2) shows Jade-bearing ultrabasic rocks surrounded by 1089	

metamorphic units, that are unconformably overlain by Cenozoic sediments (Thet Tin Nyunt, 1090	

2017; pers comm. 2018). In a few places Cretaceous Orbitolina Limestones occur along the 1091	

unconformity or emerge from beneath the Cenozoic cover (Fig. A2 inset), indicating a 1092	

substantial phase of erosion prior to Cenozoic deposition, where the Cenozoic sediments 1093	

onlap and covered erosional remnants of the Orbitolina Limestones. According to Thura Oo 1094	



	

	

and Chit Saing (2000) the Jade Belt limestones contain fossils of the Orbitolina 1095	

(Mesorbiolina) texana Zone, which is of early Albian age.  1096	

The common characteristics to the accounts of the Albian-Cenomanian deposition in 1097	

Jade Mines and Chin Hills area include: 1) the presence of ophiolite-derived clasts in the 1098	

section. 2) The deposits lie unconformably on Triassic sedimentary rocks of the Pane Chaung 1099	

Formation or on metamorphics. 3) The Cretaceous section is strongly folded. 4) The 1100	

Cretaceous section is discontinuously present below the overlying sedimentary unit indicating 1101	

an episode or episodes of uplift and erosion during the Late Cretaceous and Palaeogene. 1102	

1.4. Kabaw Formation  and Paunggyi Conglomerate 1103	

There is some uncertainly regarding the stratigraphy of the Paunggyi Conglomerate 1104	

and the Kabaw Formation. In the United Nations (1979) report, the Paunggyi Conglomerate 1105	

was assigned a Late Cretaceous-Eocene age, but it was recognised that there was an internal 1106	

unconformity to the formation, with the Palaeocene being largely absent. More recently only 1107	

the Eocene part of the sequence is called the Paunggyi Conglomerate (Thiengi Kyaw, 2005). 1108	

However, further constraints by fossils and minimum depositional ages from detrital zircons 1109	

indicate the age of the Paunggyi Conglomerate is upper Maastrichtian to Palaeocene, while 1110	

the overlying Laungshe Formation is uppermost Palaeocene to Lower Eocene in age (Wang, 1111	

J.-G. et al., 2014; Licht et al. 2018) 1112	

In the Saw-Mindat area, the lowest exposure of what the United Nations (1969) 1113	

mapped as the Paunggyi Conglomerate lies 20 m east of the Paung Chaung Formation, in the 1114	

Paung Chaung stream, and comprises sandstones, and grits with foraminifera of late 1115	

Cretaceous, probable Maastrictian age (United Nations, 1979). Higher up in the stream are 1116	

interbedded orthoconglomerates that contain pebbles and conglomerates composed of chert, 1117	

basalt, gabbro, greenschist, mica-schist and serpentinite. In the stream Maw Chaung (Fig. 2) 1118	



	

	

the base of the formation is a well sorted pebble bed that rests directly on serpentinite in some 1119	

localities and Paung Chaung Limestone in others, while in Yethaya Chaung the formation 1120	

overlies pillow lavas and serpentinites (United Nations, 1979). Rangin (et al., 2013) also 1121	

report Maastrictian Stage Globotruncana in the matrix of the Kabaw Conglomerate which 1122	

contains ophiolite-derived clasts. They infer that this marks the time of obduction of 1123	

Mesozoic ophiolites onto the Mount Victoria terrain. Gramman et al. (2011), note that west 1124	

of Mindon a Campanian-Maastrichtian age conglomerate (they call basal Paunggyi 1125	

Conglomerate) directly overlies a body of serpentinite.  1126	

Zhang et al. (2017) show a photograph, from the Saw area, of the Kabaw Formation 1127	

(calcareous sandstone) overlying more strongly deformed Pane Chaung Formation, with an 1128	

angular discordance. We have observed ophiolite-derived clasts in the Kabaw Formation east 1129	

of Kalemyo (Figs. 3, 20F).  1130	

In the eastern foothills of the Chin Hills around the confluence of the Sin Chaung and 1131	

Maw Chaung rivers there is the 2 km wide Sin Chaung Exotics Zone (United Nations, 1979; 1132	

Figs. 2 and A1). This zone comprises red and green clays, blocks of chert, Pane Chaung 1133	

sandstone, gabbro, basalt, conglomerates with basalt, and gabbro clasts, serpentinite, 1134	

ophicalcite, and marble, together with rafted blocks of Senonian (Globotruncana) micritic 1135	

limestone. Folding of the Pane Chaung Formation and metamorphism of the Kanpetlet 1136	

Schists is considered to be pre-Campanian because exotic blocks of schist are present in the 1137	

Exotic Blocks mélange, which is interpreted to be of Campanian-Maastrictian age (United 1138	

Nations, 1979).  1139	

The eastern margin of the Sin Chaung Exotics is overthrust by Pane Chaung 1140	

Formation.  Most critically the Pane Chaung Formation is unconformably overlain by 1141	

limestones of the Paung Chaung Formation, and Kabaw Formation (Gramman, 1974; United 1142	



	

	

Nations, 1979).  West of the Sin Chaung Exotics, sub-vertical Paung Chaung Formation 1143	

limestone is present, associated with vertical serpentinite sheets, with possible Paunggyi 1144	

Conglomerate east of the limestone (United Nations, 1979). There is a 100 m gap between 1145	

these units and exposures of the Sin Chaung Exotics. The preferred interpretation from the 1146	

United Nations (1979) report is that these exotics are a tectonic window into units underlying 1147	

the Pane Chaung Formation. This interpretation would require the following stages of 1148	

development: 1) deformation and metamorphism of the Kanpetlet Schists and Pane Chaung 1149	

Formation prior to deposition of the Paung Chaung Formation. 2) Deposition of the Paung 1150	

Chaung Formation. 3) Thrusting of the Kanpetlet Schists, Pane Chaung, and Paung Chaung 1151	

Formation. 4) Erosion of the thrust sheet and deposition of the Kabaw Formation.  1152	

1.5.Palaeogene Molasse deposits 1153	

A number of outliers of folded and faulted molasses deposits of probable late 1154	

Palaeogene age are preserved around peaks (Mol Lem, Phokphur, Kennedy) within the 1155	

northern inner Indo-Burman Ranges (Bannert et al., 2011).  Near Layshe the Eocene-1156	

Oligocene Pondaung-Tonhe Formation lies with a clear angular unconformity on the Naga 1157	

Metamorphic complex (Bannert et al., 2011). While in the Naga Ranges the Jopi/Phokphur 1158	

Formation is a shallow marine, ~1000 m thick, molasse deposit that contains immature, 1159	

polymictic clasts primarily derived from ophiolite, with some interbedded tuffaceous shales 1160	

(Ghose et al., 2014). These deposits provide an upper age limit to the emplacement of 1161	

ophiolites within the Inner Belt.  1162	

 1163	

Figure A1. Map of the Sin Chaung Exotics area showing the key region of the unconformity 1164	

at the base of the Paung Chaung Formation. Modified from United Nations (1979b).  1165	



	

	

Figure A2. Geological map of the northern Indo-Burma Ranges and Jade mines area. Inset 1166	

shows localities of Orbitolina Limestones lying close to metamorphics in unconformable 1167	

relationship. Partly based on maps in Mitchell (2017), and Thet Tin Nyung et al., (2017).   1168	

Appendix 2 : Regional crust thickness map 1169	

 Regional variations in crust thickness are shown in Figure A3. The thickness 1170	

variations of the section below low-velocity sedimentary units are plotted from summaries of 1171	

shear wave velocity data from broadband seismic networks presented in Wang et al. (2019). 1172	

This paper while containing the crustal thickness data, does not present a crustal thickness 1173	

map. In Figure A3 the data from Wang et al. (2019) is supplemented by a similar study using 1174	

broadband seismic networks from the Shillong-Mikir Hills Plateau by Bora and Baruah 1175	

(2012). The crustal thickness map is not continued into the western Indo-Burma Ranges 1176	

because this is the region where the crust of the Indo-Burma Ranges is overthrusting oceanic 1177	

crust, hence the significance of crustal thickness variations becomes confused in this zone. 1178	

The data shows that areas of relatively thick crust are present in the Shan Plateau (i.e. 1179	

Western Sundaland) area, Shillong Plateau (Indian Continental crust) and also the core area 1180	

(area A in Fig. A3) of the Indo-Burma Ranges. While thinner crust is present in the West 1181	

Burma Terrane, and this crust becomes thinner passing towards the south. The crustal 1182	

thickness map is helpful for corroborating interpretations associated with two key issues for 1183	

plate reconstructions: 1) the eastern margin of the West Burma Terrane, and 2) whether a 1184	

Mount Victoria Land micro-continent can be demonstrated.  1185	

 The Sagaing Fault approximately follows the boundary of thin crust (West Burma 1186	

Terrane) to the west and thicker crust (Shan Plateau/Sundaland) to the east. In the north the 1187	

Sagaing Fault trends through thick crust, suggesting the young trace of the fault may have 1188	

deviated from the West Burma Terrane/Sundaland boundary, to follow a NNE-SSW 1189	



	

	

orientation. Perhaps the terrane boundary, together with an inactive transcurrent fault, trends 1190	

NNW-SSE in the north (following the crustal thickness contours).  1191	

 The thick crust in the inner Indo-Burma Ranges (location A in Figure A3) may just 1192	

mark thickened crust related to an accretionary prism setting (Fig. 4). However, the presence 1193	

of this belt of thick crust can also be invoked to support the presence of crust related to the 1194	

Mt. Victoria Land micro-plate. However, this would be a narrow, thin sliver of crust,    1195	

Figure A3. Thickness of the crust from the base of the upper low velocity sedimentary 1196	

section, to the Moho, based on broadband seismic data in Wang et al. (2019) supplemented 1197	

by data from the Shillong Plateau area by Bora and Baruah (2012). Numbers 16, 17 and 20 1198	

denote spot crustal thickness in kilometres in areas that have not been contoured.  1199	

  1200	

FIGURES 1201	

Figure 1. Regional map of the Indo-Burma Ranges. Inset map digital elevation model for 1202	

Asia, B = Brahui Ranges, IBR = Indo-Burma Ranges, IYS = Indus-Yarlung Suture Zone 1203	

(dashed blue line),  K = Kirthar Ranges, M = Makran, S = Sulaiman Ranges, SF = Sagaing 1204	

Fault.  1205	

Figure 2. Geological map of the Southern Chin Hills, modified from United Nations (1979a) 1206	

and Mitchell et al. (2010). See Fig. 1 for location. 1207	

Figure 3. Geological map of the northern Chin Hills, Kalemyo area, modified from Mitchell 1208	

et al. (2010). X = ophiolite-derived clasts and grains in Kabaw Formation sandstones (Fig. 1209	

20F). See Fig. 1 for location.  1210	

Figure 4. Semi-schematic cross-section across the Indo-Burma Ranges. Outer Belt 1211	

detachment based on Betka et al. 2018, and Maurin and Rangin, (2009). Model for core of the 1212	



	

	

accretionary prism modified from Harlow et al. (2014). Being semi-schematic there is no 1213	

precise location for the cross-section, but the approximate location would run from the 1214	

Bengal Trough onshore Bangladesh, across to the Kalemyo area, and across the Chindwin 1215	

Basin.  1216	

Figure 5. Mélange associated with the ophiolites bodies. A) Satellite image of the Yazagyo 1217	

Dam area, where ophiolitic mélange and a peridotite body are thrust over poorly exposed 1218	

Triassic sandstones and mudstone. U-Pb zircon ages for gabbros and rodingites within this 1219	

peridiote body have yielded ages between 133 ± 2 Ma and 126 ± 2 Ma (Liu et al., 2016a; 1220	

Zhang J. et al., 2018), while radiolarians from the red bedded cherts of the isolated hill are of 1221	

Middle Jurassic age (Zhang, J. et al., 2018).  B) View to the NE showing the mélange of the 1222	

spillway section. Examples of the blocks within the mélange are shown in C (bedded cherts), 1223	

D (sheared basalts), and E (red cherts and various other blocks in sheared basalt matrix). F) 1224	

Mélange of sheared mudstones and sandstones below the Webula Bula peridodite. See Fig. 3 1225	

for location.  1226	

Figure 6. View to the south of the Khwekha ophiolite forming the high ground overlying its 1227	

metamorphic sole. U-Pb dating of zircons from amphibolites of the metamorphic sole 1228	

indicate the age of metamorphism at 119 ± 3 Ma, which is interpreted to represent the age of 1229	

ophiolite emplacement (Zhang et al., 2017).  1230	

 1231	

Figure 7. Calculation of the dip of the base of massive peridotite bodies from its intersection 1232	

with stratigraphic contours, Kalemyo area. A) Webula Bula, dip 10.5°, B) Bhopi Vun, dip 1233	

13.5°, C) Mwe Taung, dip 34°. See Fig. 3 for locations.  1234	

Figure 8. Outcrop examples of deformation in Kanpetlet Schists. A) River section at Chi 1235	

Chaung Bridge south of Mindat. (21 21’18”N, 93,56’, 15”E). B) Crenulated foliations with 1236	



	

	

sub-horizontal axial surface, on steeply dipping foliations. C) Possibly the outcrop in A) is 1237	

part of a NNW closing sheath fold (following the model of Maurin and Rangin, 2009 for the 1238	

area).  D. Example of shear sense indicators within the Kanpetlet Schists. X = boudinaged 1239	

quartz vein with a delta clast geometry. Y = small isoclinal fold. Saw River.  E. Example of 1240	

plunging crenulation fold hinges on low-angled foliation.  1241	

Figure 9. Examples of the Kanpetlet Schists from the Saw River section, S. Chin Hills. a) 1242	

Outcrop photograph of minor folds (F2) in sericite schist, quartz veins lie parallel to 1243	

schistosity. b) Partially recrystallized quartz grains surrounded by muscovite. c) Crenulated 1244	

low-angle foliations. d) Quartz vein, with outer region mostly equant grains, and inner zone 1245	

with strongly aligned grains related to ductile shearing. e) and f) schist sample in plane and 1246	

cross polarised light respectively, with mica predominantly aligned along C trends, with 1247	

minor crenulated mica schistoisty in the quartz-dominated regions. The examples indicate 1248	

complex, multi-phase nature of deformation in the schists, and the potential and need for 1249	

detailed future studies to properly date, and unravel their deformation history.  1250	

Figure 10. Stereonets showing structural orientation data for the Kanpetlet Schists, and Pane 1251	

Chaung Formation from the Southern Chin Hills.  1252	

Figure 11. Sketches of new road sections through the Pane Chaung Formation on the road to 1253	

Mindat. See Fig. 2 for location.  1254	

Figure 12. Examples of normal faults in the Pane Chaung Formation, Saw River. A) One 1255	

fault shows normal sense of drag, while the eastern fault shows rotated, inverted hanging all. 1256	

B) Small normal faults with 1-2 m offset. C) Detail of normal fault zone, showing broad, 1257	

sheared zone, typical of weakly lithified rock, and small thrust faults suggesting the fault is 1258	

inverted.  1259	

 1260	



	

	

Figure 13. Small eastward-vergent ramping thrust in Pane Chaung Formation. Two small, 1261	

relatively old normal faults are truncated by the ramping thrust. Saw River section.  1262	

Figure 14. Detail of Midat road section showing multiple phases of folding. F1 = 1st fold 1263	

phase, F2 = second fold phase, T1 = late thrusting event that cuts F1 and F2 folds. See Fig. 11 1264	

for location.   1265	

Figure 15. Detail of Midat road section showing multiple phases of folding. F1 = 1st fold 1266	

phase, F2 = second fold phase, T1 = late thrusting event that cuts F1 and F2 folds. F3 = 1267	

expected folds related to T1, but not seen in this section. F4 = fourth fold phase related to late 1268	

strike-slip faults (SS1). See Fig. 11 for location.   1269	

Figure 16. Detail of Midat road section showing multiple phases of folding F1 = 1st fold 1270	

phase, F2 = second fold phase, T1 = l thrusting event that cuts F1 and F2 folds. F3 = folds 1271	

related to T1. F4 = fourth fold phase related to late strike-slip faults (SS1). T2 = thrust 1272	

possibly developed close to time of SS1. Thrust X is cut by later faults at points Y and Z. See 1273	

Fig. 11 for location.   1274	

Figure 17. Summary of the timing of events that affect the Pane Chaung Formation at the 1275	

outcrop scale. This is probably not an exhaustive summary, but provides an indication of the 1276	

complexity present, and the evolution recumbent style folding, to west-verging steeper folds 1277	

associated with thrusts, to east-verging steep faults associated with strike-slip faults with 1278	

time.  1279	

Figure 18. Cross-section along the Kalemyo-Falam Road based on field observations. Z = 1280	

hypothetical strike-slip faults driving uplift of Pane Chaung Formation. Stereonets of bedding 1281	

orientations for the different formations, showing that the Cretaceous and Triassic formations 1282	

are more tightly folded than the Palaeogene (Chunsung Formation) section. See Figure 3 for 1283	

location. Strike-slip faults trending around 330°-340° were observed affecting the Kennedy 1284	



	

	

Peak Sandstone, and are shown schematically in the figure around location X  to help 1285	

minimise the westwards thickening of the Palaeogene section.   1286	

.  1287	

Figure 19. Example of deformation with the Pane Chaung Formation from the Kalemyo-1288	

Falam road section. A) Sketch of dip-section through road outcrop, B) sketch of adjacent 1289	

strike-section through road outcrop. The section is affected by late, steeply dipping, oblique-1290	

slip dextral (reverse) faults.  C, D and E detailed photos of the sections. Red arrows highlight 1291	

the location of faults.  1292	

Figure 20. Examples of Cretaceous-Palaeogene formations in the Indo-Burma Ranges. A) 1293	

View east along Nattaga Chaung showing large, isolated carbonate olistolith (probably 1294	

Globigerina limestone) forming the hill top, within the Late Cretaceous Falam Formation. B) 1295	

Smaller body of limestone (olistolith), compared with A) within Falam Formation, Nattaga 1296	

Chaung. C) Typical flysch deposits of Falam Formation along Kalemyo-Falam road. D) 1297	

Reddish, pelagic limestone is isolated block along Nattaga Chaugn, probably part of 1298	

limestone in A. E) Eocene Kennedy Sandstone, at Kennedy Peak. F) Lithic sandstone at base 1299	

of Kabaw Formation, rich in lithics derived from ophiolites, east of Kalemyo, (Fig. 3, 1300	

location X). G) Palaeocene-Eocene Chunsung Formation, Falam-Kennedy Peak road.  1301	

 1302	

Figure 21. Comparison of folds seen on satellite images from A) Makran, and B) Indo-Burma 1303	

Ranges west of Gangaw (see Fig. 1 for location).  1304	

 1305	

Figure 22. Oblique Google Earth images of A) Kalemyo area, (northern Chin Hills), and B) 1306	

Mindat Anticline (southern Chin Hills). Both images are views to the west, showing the 1307	



	

	

transition from the Central Basin deposits to the east, to the Core of the Indo-Burma Ranges 1308	

to the west. In A) the two regions are separated by the flat lying region of the Kabaw Valley. 1309	

It is uncertain whether this region is controlled by a major strike-slip fault. In B) the two 1310	

regions are marked by a low-angled, east-dipping unconformable contact. Multiple 1311	

unconformities are involved, in different places the Paung Chaung, Kabaw Formation or the 1312	

Paunggyi Formation may lie unconformably on the Pane Chaung Formation.  1313	

Figure 23. Geological map showing the South Kabaw Fault, and how it dies out passing into 1314	

the Saw area, where instead of a fault contact between the Central Basin and the Indo-Burma 1315	

Ranges, there is an unconformity. Map partly based on United Nations (1979a,b), and partly 1316	

on satellite image interpretation. See Fig. 1 for location.  1317	

Figure 24. Topographic profiles across the Indo-Burma Ranges, calculated from Aster 1318	

GDEM data, 1 arc second. Red lines indicate average slope with dip in degrees.  1319	

Figure 25. Structural styles in the southern Indo-Burma Ranges. Sketches of seismic lines 1320	

that illustrate the geology of the Indo-Burma Ranges north (A) and south (B) of latitude 1321	

19°30’ N. A) Shows a series of simple folds, and a late thin prograding sequence (redrawn 1322	

from Jain et al., 2010), see Fig. 1 for location. B) Shows the Rakhine shelf sequence 1323	

deformed by normal faults that were inverted. The steep shelf margin shows extensive 1324	

slumping (redrawn from Cliff and Carter, 2016). The locations of two other published 1325	

sections are shown (Off Ched and CGG3). C) Digital elevation model with a fault pattern 1326	

from satellite images superimposed. D) Summary of structural zones in the Southern Indo-1327	

Burma Ranges. The green faults are the same as in C) the coast line is not shown, in order to 1328	

show the trends of bedding near the coast (black lines) from seismic data. Bedding very 1329	

frequently trends NW-SW a characteristic not seen further north. The yellow area 1330	

corresponds with the offshore shelf province of mixed extension and contraction (as shown in 1331	



	

	

B). Between the eastern margin of the yellow province and the deepwater faults there is a 1332	

narrow belt of accretionary prism-like folds and thrusts. However, there may also be a 1333	

significant amount of strike-slip faulting as well, particularly along the NE-trending parts of 1334	

the margin (Nielsen et al., 2004; Rangin, 2017). See Fig. 1 for location.  1335	

Figure 26. Details of the structure of the southern Indo-Burma Ranges from satellite data, that 1336	

show how the interpretation in Fig. 25 C and D was made for the onshore area. A) Example 1337	

of a WNW-ESE trending fold in Cretaceous-Eocene deepwater sedimentary rocks, Maw 1338	

Yon. This example demonstrates the high level of detail available for observing structural 1339	

trends and style along the coastline. Such detail is not possible to see inland. B) Example of 1340	

changing structural styles across the ranges. Near the coast there are a mixture of NW-SE and 1341	

N-S trends, with a prominent, NW-SE trending fold present near the coast at Shwethaungyan. 1342	

This is a rare example of a major fold visible on satellite images in the southern Indo-Burma 1343	

Ranges, wavelength ~5 km. Passing eastwards structures and bedding tend to strike N-S to 1344	

NNE-SSW. Some N-S to NNE-SSW trending, narrow, linear valleys are interpreted to have 1345	

formed along important strike-slip faults. Satellite image, with 80% opacity draped over 1346	

digital elevation model. See Fig. 25 for location. 1347	

Figure 27. Cross-section based on the cross-section by Maurin and Rangin (2009) modified to 1348	

to show key variations in tectonic models proposed for the Indo-Burma Ranges (IBR) and 1349	

their advantages and disadvantages. A)  and A1) are based on the ophiolites representing the 1350	

Tethys suture, with Indian Plate, with obduction onto the India Plate occurring in the 1351	

Maastrictian and an Indian Plate origin for the Pane Chaung Formation. A) is from Rangin et 1352	

al. (2013), while A1) more explicitly shows the location of the main ophiolite body (Rangin, 1353	

2018). B) A model in many ways similar to A) except that a key phase of obduction is around 1354	

120-115 Ma (evidence from metamorphic sole in Kalemyo area, Zhang et al., 2018; and 1355	

Albian-Cenomanian unconformity, United Nations, 1979). Collision with an Indian-derived 1356	



	

	

crustal fragment (Mt Victoria Land, carrying Pane Chaung Formation) is a key feature (see 1357	

Fig. 29). The problem with this model is that the crustal fragment involved would have to be, 1358	

very thin, narrow crust, because there is not room in the IBR to fit a large crustal fragment.  1359	

C) A model to match the key evidence used in B), but without the need for Mt Victoria Land. 1360	

This model is explained in detail in Figure 31. The model is based on accretionary-type 1361	

ophiolite emplacement.  1362	

D) Accretionary model proposed by Zhang et al. (2018), where successive accretionary 1363	

prisms have built out during the Jurassic-Palaeogene from the Sibumasu margin. A key 1364	

problem with this model is that it does not match the palaeomagnetic data for the West 1365	

Burma Terrane (Westerweel et al., 2019), and it does not explain why Pane Chaung 1366	

Formation provenance (Sevastjanova et al., 2016) is so different from that of Sibumasu-1367	

derived Late Triassic deepwater deposits on the western margin of the Shan Plateau (Cai et 1368	

al., 2017).    1369	

  1370	

Figure 28. Summary chart showing timing of key events in the development of the Indo-1371	

Burma Ranges. Irr. Fm = Irrawaddy Formation, LNS/PKO = Letkat,Natma, Shwetamin 1372	

formations (Chindwin Basin), or Pyawbwe, Kyaukkok and Obogon formations, (Minbu 1373	

Basin), CW =, TTPY = Tilin, Tabyin, Pondaung and Yaw formations, Lau. Fm = Laungshe 1374	

Formation, Paun. Fm. = Paunggyi Formation. 1375	

Figure 29. G-Plates model for the Early Cretaceous development of the West Burma Terrane 1376	

modified from  Zahirovic et al. (2016) and Westerweel et al. (2019). The model is based on 1377	

the following assumptions/observations: 1) the Pane Chaung Formation was deposited on the 1378	

Indian continent part of Gondwana, 2) the Aptian-Cenomanian limestone defines the oldest 1379	

time Pane Chaung Formation was unconformably overlain by sediment deposited on the 1380	



	

	

West Burma Terrane, 3) Ophiolites were thrust over the Pane Chaung Formation prior to 1381	

deposition of the Aptian-Cenomanian limestone. KA = Kohistan Arc, GI = Greater India. 1382	

Around 115 Ma a sliver of continent bearing the Pane Chaung Formation, called Mt Victoria 1383	

Land approaches West Burma, and undergoes emplacement of ophiolites. By 95 Ma, Mt 1384	

Victoria Land has collided with West Burma, and the ophiolites are unconformably overlain 1385	

by Aptian-Cenomanian Limestones.   1386	

 1387	

Figure 30. Model to explain the development of the Indo-Burma Ranges (IBR) as an early 1388	

stage (Jurassic-Late Cretaceous) accretionary prism (with accretionary-type ophiolites), that 1389	

evolved into a late-stage transpressional orogenic belt (Eocene-Recent), constrained by 1) the 1390	

palaeo-locations of India (constrained by moving hotspot reference frame, O’Neill et al., 1391	

2005), and the West Burma Terrane (Westerweel et al., 2019), 2) the provenance of the Pane 1392	

Chaung Formation, and 3) the timing of tectonic events summarised in Fig. 28. Accretionary-1393	

type ophiolites for the IBR have been proposed by several authors (Harlow et al., 2014; 1394	

Fareeduddin and Dilek, 2015; Hla Htay et al., 2017; Barber et al., 2017; Zhang et al., 2018). 1395	

In order to get the Pane Chaung Formation involved in the accretionary prism, the West 1396	

Burma Block would have to be part of the rift system with India in which the Pane Chaung 1397	

Formation- Langjiexue Group were deposited (A). Rifting of the West Burma Block left Pane 1398	

Chaung Formation on both oceanic crust and continental crust, and when subduction of 1399	

oceanic crust was initiated (perhaps following the process suggested by Hall, 2018), part of 1400	

the Pane Chaung Formation was metamorphosed in the accretionary prism, and subduction 1401	

channel to the Kanpetlet Schist, B) accretionary-type ophiolites emplaced around 115 Ma 1402	

(Zhang et al., 2018), or at least prior to deposition of Albian-Cenomanian limestone (United 1403	

Nations, 1979). C) Deposition of Albian-Cenomanian limestone, Paung Chaung Formation 1404	

(United Nations, 1979; Mitchell et al., 2010). This deposition is coincident with a spike in 1405	



	

	

activity in the Wunto-Popa arc (Gardiner et al., 2015, 2018; Mitchell, 2018, hence perhaps 1406	

uplift, and deposition of the Paung Chaung Formation was related to magmatic underplating 1407	

and related uplift. D) Late Cretaceous, the Falam Formation contains extensive limestone 1408	

blocks, which might be related to subduction of ocean island-type crust with seamounts (see 1409	

Sengupta et al., 1989 for such an interpretation for the Disang Formation). Some trigger for 1410	

the Kabaw Formation unconformity is required, and it is suggested that either subduction of 1411	

thickened oceanic crust, or a slab window could be responsible. E) Transition period from 1412	

subduction to coupling with Indian plate, including 60° clockwise rotation of the West Burma 1413	

Terrane (Westerweel et al, 2019). F) Coupling of the West Burma Terrane, with the thinned 1414	

continental crust of northeastern India during the Late Eocene. Deposition in the Central 1415	

Basin forearc basin (CB-FA) has begun. Start of predominantly strike-slip convergence with 1416	

Sundaland. G) Late Miocene, West Burma is caught between two dextral strike-slip systems 1417	

as the Burma Platelet (Rangin et al, 2013) one in the IBR, the other is the Sagaing Fault. 1418	

Deposition in the Central Basin forearc and back-arc (CB-BA) is underway.  1419	

Figure 31. Plate tectonic setting for the Indo-Burma Ranges and West Burma Block (WB) in 1420	

the Late Palaeogene (at 40 Ma and 25 Ma), modified from Hall (2012), based on Late Eocene 1421	

palaeomagnetic data in Westerweel et al., (2019). WAS = West Andaman Sea, EAS = East 1422	

Andaman Sea. SP = Shan Plateau, SCS = South China Sea oceanic crust.  1423	

 1424	

 1425	

Table 1. Summary of published data on ophiolite formation and emplacement. Note the Jade 1426	

Belt ages based on zircons are likely to be meaningless in terms of dating jade formation, 1427	

because the zircons are rare in peridotite and are likely to be inherited, although exceptions 1428	



	

	

can occur (e.g. kimberlites, crustal melts intruding into overlying mantle wedge above a slab, 1429	

Hoskin and Schaltegger, 2003; Faithful et al., 2018).   1430	

 1431	

Table 2 Summary of published tectonic models for the Pane Chaung Formation.  1432	

 1433	
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Location	of	
ophiolite		

Dating	of	
ophiolite	
formation	

Environment	 Presence	of	
HP-LT	
Metamorphism	

Dating	of	
ophiolite	
emplacement	
within	wedge	

Dating	of	
ophiolite	
exhumation		

Dating	of	metamorphism	

Naga-Manipur	 116.4±2.2	Ma,	
118±1.2	Ma,	
U-Pb	
Plagiogranite	
	
Singh	et	al.	
(2017),	
Aitchison	et	
al.,	(2019)	

Both	MOR	
and	supra-
subduction	
zone	(Singh	et	
al.,	2016)	

Eclogites	and	
blueschists	
(Ghose	et	al.,	
2010)	

Pre-Late	
Eocene	

Pre-Late	Eocene	 Pre-Late	Eocene	
	

Jade	Belt	 Yui	et	al.,	
2013).	
Speculated	
oldest	zircon	
ages	=	time	of	
oceanic	crust	
formation	=	
160	±	1	Ma,	
159	±	1	Ma.	

	 Jadeitite,	
glaucophane	
schist	(Shi	et	al.,	
2001;	Thet	Tin	
Nyunt,	2009;	
Thet	Tin	Nyunt	
et	al.,	2017)	

Pre-	
Cenomanian	
(Appendix	1)	–
98.8	Ma	(Shi	et	
al.,	2012)	
unconformity.	
Ar/Ar	ages	
152.4	±	1.5	Ma	
(Shi	et	al.,	
2014),	147,	Qi	
et	al.	(2014)			

1st	exhumation	
pre	Cenomanian	
unconformity.		
2nd	Exhumation	
by	strike-slip	
activity		
			

U-Pb	zircon	of	from	
jadeitite,	of	
metasomatic/hydrothermal	
Origin,	77±3	Ma	minimum	
age	(Yui	et	al.,	2013).	
Ar/Ar	ages	152.4	±	1.5	Ma	
(Shi	et	al.,	2014),	147,	Qi	et	
al.	(2014)			

Kalemyo	
region	

Rodingite,	U-
Pb	126.6±	1,0	
Ma,	126.6±	1,0	
Ma,125.8±11.7	
Ma	(Liu	et	al.,	
2016b).	
Gabbro	133±	
2,	131±2	Ma,	
Zhang	et	al.	
(2018)	

MOR,	Liu	et	
al.	(2016a)	

No	 Amphibolite	
(metamorphic	
sole)	U-Pb,	
114.7	±	1.4	
Ma,	Liu	et	al.	
(2016b),	
119.07	±	3	Ma,	
Zhang	et	al.	
(2017)	

Prior	to	
Campanian-
Maastrichtian	–	
Kabaw	Fm.	
(Appendix	1)	

	

Chin	Hills	 158	±	20	Ma,	
K-Ar,	
hornblende,	
Michell	(1981)	

	 ?	Borderline	
greenschist/HP	
facies	reported	
by	Socquet	et	al.	
(2002)	

Pre-Late	
Albian-
Cenomania	
(Appendix	1)	

Campanian-
Maastrichtian	–	
Kabaw	Fm.	
(Appendix	1	

Kanpetlet	Schist,	Pre	
Campanian-Maastricthian.	
United	Nations	(1979)		

Mindon	 None	 	 No	 	 Pre-Upper	
Maastrictian	
(Paunggyi/Kabaw	
Formation,	
Bannert	et	al.,	
2011)	

	

Naga	
Metamorphics	

None	 	 Glaucophane	
schist	(Bannert	
et	al.,	2011)	

	 	 Pre-Early	Oligocene	
(Bannert	et	al.,	2011).	
Protolith	–	Palaeozoic-
Triassic?	Ordovician	age	
protolith	(Aitchison	et	al.,	
2019).	



Depositional		

location		

Advantage	 Arguments	against	 Position	

with	

respect	to	

IBR	

References	

1)	Western	

Margin	of	

Sibumasu.	

Fig.	27D.	

Simplest	

interpretation.	

Eliminates	need	for	

West	Burma	Block	

Ignores	presence	of	Triassic	

turbidites	of	Shweminbon	Formation	

on	margin	of	Shan	Plateau,	with	

significantly	different	provenance	

(see	section	7).	Palaeomagnetic	data	

in	favour	of	West	Burma	Block	

(Westerweel	et	al.,	2019)	

Passive	

margin	

deposits,	

predominan

tly	in	upper	

plate	of	

subduction	

zone.	

Zhang,	J.	et	al.	

(2018).	

2)	Western	

margin	of	

West	Burma	

Block.	Fig.	

27C,		

	Overcomes	the	

disadvantage	of	1)	

above.	In	place	on	

Sundaland	margin	in	

Triassic.		

Some	issues	of	how	to	get	Pane	

Chaung	Formation	so	distal	in	the	

accretionary	prism.	Problematic	

location	to	explain	development	of	

Woyla	Arc	by	rifting	from	West	

Burma,	hence	modification	3)	

Passive	

margin	

deposits,	

predominan

tly	in	upper	

plate	of	

subduction	

zone.	

Sevastjanova	et	al.	

(2016)	

3)	Eastern	

margin	of	

block	rifted	

from	West	

Burma	

Modification	of	2)	

above	to	explain	

presence	of	Pane	

Chaung	Formation	in	

footwall	of	ophiolite	

belt.	Fits	with	scenario	

of	Jurassic	rifting	to	

create	the	Woyla	Arc.		

Requires	collision	of	continental	

block	with	IBR.	Where	is	evidence	for	

that	block,	why	did	subduction	not	

cease?	Is	complete	subduction	of	

hyper-extended	continental	crust	

feasible?	Tectonic	slicing	in	

accretionary	type	ophiolite	can	also	

explain	Pane	Chaung	position	with	

respect	to	ophiolite	belt.	

Palaeomagnetic	data	in	favour	of	

West	Burma	Block	(Westerweel	et	

al.,	2019)	

Rifted	

margin	of	

IBR	and	

continental	

fragment,	

i.e.	position	

both	

oceanward	

and	

landward	of	

IBR.		

This	study.		

Zahirovic	et	al.	

(2016)	–reference	

for	plate	scenario,	

not	specifically	for	

discussion	of	Pane	

Chaung	Formation.		

	

4)	Mt	Victoria	

Land	

microplate	

rifted	from	

India.	Figs.	

27B,	29.	

Easy	to	explain	

presence	of	Pane	

Chaung	Formation	in	

footwall	of	ophiolites	

Same	as	3)	above	 Oceanward	

of	IBR	

Mitchell,	1986,	

1989;	Mitchell	et	al.	

(2010)	

Acharyya,(2007),Ra

ngin	et	al.	(2013).	

5)	Part	of	

Indian	

Continental	

margin.	Fig.	

27A.			

Simple	explanation.	

Removes	problem	of	

4)	above	regarding	

lack	of	evidence	for	a	

continental	block.	

Best	fits	provenance	

data	as	similar	to	

Langjiexue	Group	

(Wang	et	al.,	2016).	

Pane	Chaung	Formation	sealed	by	

105	Ma	and	70	Ma	unconformities.	

Hence	involvement	of	Pane	Chaung	

in	IBR	too	early	for	Indian	continental	

margin	to	have	introduced	formation	

into	IBR.	Hence	variants	on	4)	

devised,	or	as	part	of	West	Burma	

Block	(2)	above.	

Oceanward	

of	IBR	

Mitchell,	(1981)	

6)	Northern	

Australian	

part	of	

Gondwana	

margin	

Part	of	large	turbidite	

complex.	Could	be	

part	of	same	late	

Jurassic	rifting	phase	

as	Argo	Block.	Arrives	

off	Sundaland	margin	

in	mid	Cretaceous.	

Difficult	to	fit	long	IBR	subduction	

history	into	this	scenario.	Does	not	

fit	with	provenance	arguments	in	

Sevastjanova	et	al.	(2016),	or	origin	

as	part	of	Langjiexue	Group	(Wang	et	

al.,	2016).	

Oceanward	

of	IBR	

Yao	et	al.	(2017)	

	



	 	



	 	



	 	



	 	



	 	



	 	



Figure	7	(not	5)

	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	





	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	 	



	


