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Abstract 10 

The largest historical earthquakes along the Himalayan Frontal Thrust reach values of Mw equal to MW 8.7-11 

8.9. A considered view of historical and paleoseismological observations reveals no clear and substantive 12 

evidence that any has produced surface rupture along the Himalayan Frontal Thrust. The logical implication then 13 

is that the paleoearthquake magnitude detection level for earthquakes on the MHT is on the order of Mw >8.7: 14 

Large earthquakes with magnitudes less than this value may not be represented in the geologic record preserved 15 

in fault scarps along the Himalayan Frontal Thrust. 16 

Introduction 17 

It is generally accepted that the largest earthquakes along the Himalayan arc are the result of episodic release 18 

of stress that accumulates with the convergence of India into Tibet. The largest earthquakes are attributed to slip 19 

along the Main Himalayan Frontal Thrust (MHT), a north dipping shallow dipping decollement that intersects the 20 

surface to produce scarps that mark the trace of the Himalayan Frontal Thrust (HFT, Figure 1).  Among the largest 21 

earthquakes attributed to slip on the decollement are the ~Mw 8.7-8.9 June 6 1505 (central Himalaya), the Mw 22 

7.5-8.5 May 4, 1714 (Bhutan), the Mw 7.6-8 Sept 1 1803 (Almora), the Mw ~7.8 Aug 26, 1833 (Nepal), the Apr 23 

4 1905 Mw 7.8 (Kangra), the Mw 8.4 Jan 15, 1934 (Bihar), the Mw 8.7 Aug 15, 1950 (Assam), and the most 24 

recent Mw 7.8 April 25, 2015 (Gorkha). The magnitudes and approximate source areas of the events are taken 25 

from Bilham’s (2018)) recent synthesis of Himalaya earthquakes. 26 

Continental earthquakes of Mw>7 outside of the Himalayan arc invariably produce surface rupture and fault 27 

scarps where the causative fault plane meets the surface of the earth (e.g. Wesnousky, 2008). The observation has 28 

for some time underpinned efforts to incorporate geology into assessing the size and recurrence time of large 29 

earthquakes on mapped faults for seismic hazard analysis (Wesnousky, 1986; Wesnousky et al., 1984), commonly 30 

with the application of paleoseismologic principles to exposures created by excavation of trenches across fault 31 

scarps (McCalpin, 1996, 2009). The approach is unable to provide insight to the recurrence time of earthquakes 32 

that are of insufficient dimension to rupture to the surface and displace youthful sediments. The value of 33 

paleoseismologic studies to assessing seismic hazard in a region is thus limited by the magnitude of earthquakes 34 

in a region that may be expected to produce surface rupture. Adopting the vernacular commonly used in seismic 35 
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network studies, the value is here referred to as the  paleoearthquake magnitude detection threshold. Observations 36 

relative to understanding that value along the Himalayan Frontal Thrust of Nepal and India are the topic of this 37 

paper. 38 

Synopsis of Geological and Historical Observations Bearing on the Problem 39 

The potential to assess the size of earthquakes that may be expected to produce surface rupture along the HFT 40 

resides in the historical record of earthquakes and the accumulating number of paleoseismologic studies along the 41 

HFT. Interpretations of historical and paleoseismological records come with distinctive sets of uncertainties. For 42 

example, temporal bounds on the age of scarps along the HFT arising from geological study are generally on the 43 

order of hundreds of years. Likewise, exact estimates of the size of earthquakes responsible for scarps along the 44 

HFT are coupled with large uncertainty bounds because along the Himalaya such estimates generally require 45 

assumption of fault dip that produces the vertical displacements recorded by the fault scarps, and furthermore the 46 

ultimate estimate of Mw rests on empirical correlations for historical earthquakes between either fault 47 

displacement or fault length which show large uncertainty bounds. Best estimates arising from geology are that 48 

HFT scarps are generally the result of earthquakes of at least Mw ~8.5 and likely greater. The source of these 49 

statements arises from Wesnousky (2020), a compilation and analysis of paleoseismic studies along the 50 

Himalayan Frontal Thrust. 51 

The pre-instrumental record of earthquakes along the HFT including the time period prior to the early 20th 52 

century extends back to 1200 AD (Pant, 2002). Estimates of the Mw and dimension of rupture for these 53 

earthquakes are dependent on the spatial distribution of intensity observations along the arc. Most often inferences 54 

of Mw for earthquakes during the pre-instrumental era are limited to felt reports from a single locality and do not 55 

provide direct information whether or not they were accompanied by surface rupture along the HFT. The larger 56 

earthquakes along the Himalayan Frontal Thrust for which investigators have deemed isoseismal data sufficient 57 

to estimate the location, the approximate source area, and Mw of rupture are those few listed in the initial 58 

paragraph of this section occurring through the 16th to 20th centuries. Bilham (2018) provides analysis and citation 59 

of original studies that describe each event. 60 

The lack of reported surface rupture along the HFT and confinement of higher intensity measurements to 61 

regions north of the HFT have been reason to suggest the source areas of the Mw 7.6-8 Sept 1 1803 Almora, Mw 62 

~7.8 Aug 26 1833 Nepal, and Mw 7.8 April 4 1905 Kangra earthquakes occurred on the MHT but of insufficient 63 

size to rupture to the surface and produce scarps along the HFT. Isoseismal data allow argument that the central 64 

Himalaya earthquake of June 6 1505 was of Mw 8.7-8.9 and ruptured several hundred km or more of the MHT 65 

(Jackson, 2002). Historical accounts provide no descriptions of surface rupture along the HFT in 1505. Whether 66 

or not the absence is real or an artifact of limited historical accounts is uncertain.  Scarps along the HFT in western 67 

India that post-date the late 1400s were posited by Kumar et al. (2006) to have possibly originated in the 1505 68 

earthquake. They note that the scarps considered are not south of the main reports of damage in Nepal where they 69 

would be most expected if due to displacement on the underlying HFT but, rather, well to the west in India (Figure 70 

1). So it remains at best uncertain whether or not this ~Mw 8.7-8.9 earthquake produced surface rupture along the 71 

HFT. The Mw 7.5-8.5 May 4, 1714 (Bhutan) earthquake has been speculated to have produced a scarp occurred 72 

after A.D. 1550 ± 100 and could correspond to the A.D. 1713 event: isoseismal data are sparse (Figure 1) and 73 
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insufficient to assess the size of the event to better than a complete unit of magnitude (Ambraseys and Jackson, 74 

2003; Berthet et al., 2014; Bilham, 2018; Hetenyi et al., 2016).  75 

The size and spatial extent of earthquakes along the HFT that post-date the early twentieth century are better 76 

described with the advent of seismic instrumentation and more detailed historical accounts than earthquakes of 77 

earlier years. The largest include the Mw 8.4 Bihar earthquake of Jan 15, 1934, the Mw 8.7 Assam earthquake of 78 

Aug 15, 1950 (Assam), and the most recent Mw 7.8 Gorkha event of April 25, 2015. Geophysical and field studies 79 

show clearly that the Gorkha earthquake of 2015 was confined to deeper sections of the decollement and produced 80 

no surface rupture along the HFT (e.g., Angster et al., 2015; Hayes et al., 2015). Earthquakes of Mw 7.8 thus need 81 

not produce surface displacements along the HFT. The earthquake provides credence that earlier similar 82 

magnitude events of 1803 and 1833 were likewise confined on subsurface extents of the MHT.  For the larger 83 

1934 Mw 8.4 Bihar earthquake, historical accounts also include no reports of surface rupture along the HFT. 84 

Paleoseismic observations at one site within the 1934 isoseismal zone have been interpreted to indicate that the 85 

event produced surface rupture along the HFT (Bollinger et al., 2014; Sapkota et al., 2013), implying that historical 86 

accounts are simply insufficient to document surface rupture. Subsequent study shows that the principal 87 

observation on which the interpretation of 1934 surface rupture is based is incorrect and, as a result, there remains 88 

no definitive or substantive evidence of 1934 surface rupture (Wesnousky et al., 2018a). The great Mw 8.7 Assam 89 

earthquake of Aug 15, 1950 is the largest instrumentally recorded continental earthquake (USGS, 2021). Surface 90 

rupture is reasonably expected for an earthquake of this size. Two recent papers have attributed scarps along the 91 

HFT to the earthquake (Priyanka and Jayangondaperumal et al., 2017;  Coudurier-Curveur et al., 2020). It is 92 

warranted to examine closely the observations reported in these two papers given their importance to the topic of 93 

this paper.  94 

Examination of Interpretations of 1950 surface rupture. 95 

The Priyanka et. al. (2017) paper states ‘that the 15th August, 1050 Tibet-Assam earthquake (Mw~8.6) did 96 

break the eastern Himalayan front producing a coseismic slip of 5.5 ± 0.7 meters” in the municipality of Pasighat 97 

near the eastern limit of the Himalayan arc (Figure 1). The claim is based on interpretation of a trench exposure. 98 

The logs of the trench walls are reproduced in Figure 2a. It is interpreted that unit 2 was the ground surface and 99 

soil at the time of the 1950 earthquake. Logic yields that overlying units 3, 4, and 5 were deposited subsequent to 100 

displacements on the fault strands labeled F1 and F2.  The radiocarbon ages shown for samples taken from both 101 

trench walls are grouped according to unit sampled and stratigraphic order in Figure 2b. Samples from both trench 102 

walls are included. The plot on the left is expanded on the right to more clearly show the youngest ages. There is 103 

a distinct bimodal distribution of ages with the majority of ages falling near the BC/AD boundary and the younger 104 

distribution that postdates ~1600 AD (Figure SI3-2). The units from which samples are taken are indicated by 105 

the last letters in the sample names listed. 106 

Seven of the 9 samples in the U2 soil that is interpreted to have been active up until the 1950 earthquake 107 

show ages near the BC/AD boundary. The seven samples are derived from discrete pieces of charcoal. The final 108 

two samples from unit 2 are younger, with one (BS-1) showing a modern age and the other (BS-3) yielding an 109 

age of 1640-1950 AD. The authors interpret that the older samples reflect nearly 2000 years of residence time of 110 

the charcoal during transport, discard them in the analysis, and assert that the younger two samples record the age 111 

of the U2 deposit. The younger two sample ages are distinguished from the older samples by fact that they are 112 
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derived from bulk soil samples rather than discrete charcoal samples. More often, ages derived from single 113 

charcoal samples are valued over bulk samples in assessing the age of a deposit. The layer from which bulk 114 

samples BS-1 and BS-3 are drawn is impregnated with modern roots (Figure 3) and there is a distinct possibility 115 

the bulk samples are contaminated by modern roots and their decay, an issue not addressed in the manuscript. The 116 

possible contamination is consistent with the observation that discrete detrital charcoal samples adjacent to each 117 

yield ages near BC/AD boundary (lower log, Figure 2).  In these regards, it is difficult not to consider that these 118 

young ages determined from the bulk BS-1 and BS-3 samples are contaminated by modern roots and not 119 

representative of the age of the layer, and that the older ages of adjacent detrital charcoal samples record a closer 120 

approximation to the age of unit 2. Such an interpretation provides a logical explanation for bi-modal distribution 121 

of ages. To my knowledge, nowhere else in trenches along the Himalaya are sequences of radiocarbon ages are 122 

there any suggestions that detrital charcoal residence times approach 2000 years (see summary of Wesnousky 123 

(2020)). To end, the ages of samples taken from the Priyanka et al.’s unit 2 are ambiguous in asserting unit 2 was 124 

the ground surface in 1950 and, thus, whether or not earthquake displacement occurred in 1950. 125 

The interpretation that unit 2 was the active soil in 1950 requires Units 3, 4, and 5 to have been deposited 126 

after the 1950 earthquake. The young and modern ages of samples P7 and P9 (upper and lower logs of Figure 3, 127 

respectively) are the primary evidence cited that the deposits hosting the samples were deposited after 1950. 128 

Theirlocations and context are shown in Figure 4. There are a number of reasons that draw the interpretation to 129 

be questioned. Numerous fine rootlets and burrow casts exist in the vicinity of the sample sites. There is the 130 

possibility that Priyanka  et al. (2017) sampled decayed roots: no description of the samples (e.g., discrete or root-131 

like) is provided in their work. More serious concern relates to the location and context of the samples. Priyanka 132 

et al. (2017) map the samples below a contact separating fine sands above (unit 5) from cleaner coarser sands 133 

below (unit 3) (Figure SI3-1). The change in color and texture at this level appears to mark the depth of active 134 

soil development and more aptly described as a soil horizon, not necessarily a contact between sediments 135 

deposited at different times. The darker redder tone (oxidation) and siltier component of unit 5 is the result of soil 136 

development on the sands of underlying unit 3. Although the authors indicate on their logs that the samples  P7 137 

and P9 were taken from the clean sands (unit 3), the photos of sample sites in Figure 4 show they are near the 138 

base and within the zone of soil development (unit 5). It is common practice to avoid taking charcoal samples 139 

from within an active soil horizon because with ongoing soil processes the resulting ages will generally provide 140 

ages younger than the unit on which they are developed. Note that the sample P1 taken from the clean sand of 141 

unit 3 does give a much older age (Priyanka et al (2017) and also incorrectly place sample P1 in unit 2). Finally, 142 

if one allows that the P7 and P9 ages indicate a post-1950 age of unit 3, it is necessary that the oxidation and soil 143 

development embodied in unit 5 took place since 1950, a period of time of only 60-70 years or less. That is to 144 

say, in this authors view and experience, the amount of soil development in unit 5 is significantly more than 145 

expected in a 60-70 year period of time or less, and more similar to those observed at numerous trench sites along 146 

the arc where surfaces are known to be greater than 500 to 800 years. Additional supporting evidence for this 147 

latter conclusion is provided in the ensuing discussion. These observations diverge with interpretation that 148 

displacement of faults F1 and F2 occurred in 1950. 149 

Unit 4 in Priyanka et al.’s (2017) trench log is presented as fault colluvium and Unit 5 as finer grain sediment 150 

deposited simultaneously. Three radiocarbon ages (P18, P6, and P3) are reported from these layers. P18 and P3 151 

give ages close to the BC/AD boundary while P6 provides a modern post-1950 age. The sample P6 is thus critical 152 



5 

 

to their interpretation of post 1950 rupture. The context of the P6 sample site is ambiguous and poor as it relates 153 

to argument that it provides clear evidence of a 1950 rupture. One may question why it was sampled. It appears it 154 

was sampled from a root scar associated with the now active soil and not a deposit that was present at the time of 155 

1950 earthquake or emplaced shortly thereafter (Figure 5). It is a tenuous observation on which to firmly claim 156 

displacement occurred in 1950. 157 

The Priyanka et al. (2017) trench is located near the northeastern end of the HFT fault scarp prior to 158 

disappearing  into the Brahmaputra flood plain as it strikes northeastward (Figure 6). The trace of the fault scarp 159 

ends at approximately the road dividing the urbanized area from the vegetated area along the river. The vegetated 160 

area is the modern flood plain of the Brahmaputra and flow of the Brahmaputra has here removed the scarp. The 161 

exposure provided by excavation of a pit (Pit1) on the floodplain surface is shown in Figure 7, about 70 cm of 162 

clean white sand is seen overlying and in sharp contact with fine grained, oxidized, flood deposits which in turn 163 

rest on rounded fluvial gravel. The Pit 1 was excavated in 2014 AD. Fourteen years prior in 2000 AD there was 164 

a flood larger than any since before 1950 (Dasgupta and Mukhopadhyay, 2014). The river at that time rose 4.5 165 

meters at Pasighat and the trench site is ~8-10 meters above that. The 14-year old capping clean white sands are 166 

virtually devoid of any sign of oxidation or soil development and are the ‘overbank’ deposit left by the flood. The 167 

sediments in the Pasighat trench (Figure 7 lower) are interpreted by the authors to post-date the 1950 earthquake. 168 

If correct, the sand of units 3 and 5 would be no more than ~ 64 years old at time of the excavation (2014-1950). 169 

For the authors interpretation that units 3 and 5 post date 1950, the flood sands deposited in the pit should 50 years 170 

from now reach a level of oxidation and soil development as observed in their trench walls. Given that virtually 171 

no oxidation or soil development has occurred since 2000 AD, this seems quite unlikely, and taken here as 172 

evidence that the deposits interpreted by the authors to post-date 1950 actually predate 1950 by a significant 173 

amount. 174 

The subsequent study of Coudurier-Curveur et al (2020) of the 1950 earthquake reports to “provide new field 175 

evidence for its hitherto unknown surface rupture extent along the Mishmi and Abor Hills” that “attest to a 176 

minimum 200-km-long 1950 surface rupture on both the Mishmi and Main Himalayan Frontal Thrusts…”  The 177 

following Figure 08 taken from their paper shows the “Surface traces of the great, 15/8/1950, Assam 178 

earthquake….are outlined in red (dashed where inferred)” . 179 

A major piece of evidence presented in support of their assertion that they observe scarps produced by the 180 

1950 Assam earthquake is at Pasighat: “Recently, however, in Pasigaht, ~400 m northeast of one roadside site 181 

previously identified to bear clear trace of the 1950 surface deformation (Figs. 2 and 6b; Kali et al., 2013; 182 

Coudurier-Curveur et al, 2014a, 2014b), shallow (~2 m) trenching has locally confirmed the existence of near 183 

surface faulting in the mid-20th century, hence likely in 1950 (Priyanka et al., 2017)”.  The citations of Kali and 184 

Coudurier-Curveur are unreviewed abstracts or conference presentations and by themselves are uninformative 185 

and provide no supporting evidence that may be reviewed in context of the interpretation that the scarp at Pasighat 186 

is due to 1950 displacement. The final phrase of the quoted statement cites Priyanka et al. (2017) as evidence 187 

supporting or guiding their conclusion that they observe 1950 surface rupture at Pasighat. The preceding 188 

discussion of that paper shows that observations presented by Priyanka et al. (2017) in support of the 1950 rupture 189 

are equivocal.  190 
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Figure 6 of the Coudrier-Curveur paper is reproduced in Figure 9.  The figure caption indicates the figure 191 

shows the “1950 surface break along the Main Himalayan Thrust (MFT) at Pasighat”. In the figure are three 192 

terraces (mapped as orange, yellow, green areas) that they interpret to be the result of 3 separate earthquake 193 

displacements, with the youngest being the green. Additionally they provide topographic profiles across each 194 

surface to illustrate the progressive offset of the surfaces. The location of the Priyanka et al. (2017) trench site is 195 

shown by an orange bar and letter T (Figure 9). It is puzzling and no discussion is provided concerning why the 196 

youngest green surface does not extend to the Priyanka et al. (2017) trench which they site in support of 1950 197 

rupture. The Priyanka et al. (2017) trench is emplaced across a distinct scarp that is continuous from their trench 198 

southward to the surface mapped in green and the site shown in the photo labeled ‘Pasighat Scarp 1’. Likewise 199 

the scarp height of 3.1 m at the Priyanka et al. (2017) trench site (Figure 10) is virtually identical to the Pasighat 200 

Scarp 1’ scarp shown in Figure 9.  Coudrier Curveur et al. (2020) conclude that the T1 surface is due to the 1950 201 

earthquake though are no data presented to directly support the assertion. And again, the Priyanka et al. (2017) 202 

study provides at best equivocal support for their interpretation. Also shown are the ages of four 10Be cosmogenic 203 

surface exposure ages for boulders on the T2 surface, all of which are greater than 2700 years. Granted the 204 

displacements responsible for the T1 and T2 surfaces likely post date this age, they are not evidence that 205 

displacement occurred in 1950.  It might be speculated that the most recent is from 1950 but direct evidence is 206 

absent. 207 

Figure 5 of Coudurier-Curveur (2020) shows a similar instance of two progressively offset terraces, profiles 208 

across the terraces, cosmogenic surface exposure ages of boulders on the surfaces, and is reproduced in Figure 209 

11. Again the caption and text indicate clearly the authors’ interpretation that the trace moved in 1950 and it is 210 

concluded that the terrace (colored yellow) across which Profile 1 is measured is the result of 7.6 m of vertical 211 

displacement in 1950.  Evidence they cite in support of their conclusion is a 10Be cosmogenic surface exposure 212 

age of one of two boulders sampled from the T1 (yellow) surface and the shape of the scarp.  The surface exposure 213 

ages for two boulders sampled from the P1 are reportedly  ~173 years and the other ~1188 years. The authors 214 

choose the 173 year as representative and discard the 1188 year age. With two ages, and in an environment of 215 

such rainfall and vigorous erosion, it is equally plausible that the younger age simply reflects a recent denudation 216 

or disturbance of the ground around the sample site or that root movement has more recently exposed the boulder 217 

in this heavily forested area (Figure 11).  218 

The authors further state “Considering the steep, fresh morphology of the Kamlang scarp, we interpret the 219 

youngest cosmogenic age to constrain the onset of floodplain abandonment and therefore the maximum age of 220 

co-sesmic offset uplift. In all likelihood, such very recent abandonment should be correlated with the 1950 Assam 221 

earthquake, the only known regional event in the entire region large enough to produce the particularly high uplift 222 

along the Kamlang terrace”. A reader should consider the context of the reasoning. Any systematic accounting of 223 

earthquakes in the regions extends back only to the middle of the 19th century (Poddar, M. C. , 1952, Bulletins of 224 

the Geological Survey of India. Series B, Engineering geology and groundwater. Preliminary report of the Assame 225 

earthquake, 15th August 1950). The authors provide no citation to view the context of the statement. As such, the 226 

historical record cannot be used to rule out the scarp significantly predates 1950.  The observation of ‘the steep, 227 

fresh morphology’ of the scarp shown in Figure 11 may also be questioned as basis to conclude the scarp across 228 

the P1 surface is 1950. The authors site the form and steepness of the Kamlang scarp shown in Figure 11 to be 229 

similar to those formed during the recent 1999 Mw 7.6 Chi-Chi earthquake and reason to assert the 1950 genesis 230 
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of the Kamlang scarp. But it is not (Figure 12). The Chi-Chi scarp is the result of folding and the steep scarp face 231 

is a dip panel. In contrast, there is no folding preserved in the capping deposits at the 7.6 m Wakro scarp in Figure 232 

11.  The observed scarp is erosional. With respect to the freshness and steepness of the scarps at Kamlang and 233 

described elsewhere in this paper, they are qualitatively no ‘fresher’  or steeper than scarps observed at trench 234 

sites along the HFT. Scarps at Tribeni and Bagmati in Nepal are clear examples which, after being produced 235 

~1000 years ago, still preserve dip panels (Wesnousky et al., 2017a). That is to say, there is no basis to assess the 236 

age of Himalayan thrust faults on the basis of fault scarp steepness. In sum, the comparison of scarp slopes and 237 

forms observed at Kamlang to those formed in Chi-Chi as a basis to assert age of Kamlang scarp formation is not 238 

a strong foundation on which to rest interpretation of 1950 surface rupture. 239 

The site of Marbang is annotated on Figure 8. The location is that of a trench study along the Himalayan 240 

frontal thrust (Jayangondaperumal et al., 2011). Coudurier-Curveur et al. (2020) largely ignore the study though 241 

it is of significant consequence to their conclusion of 1950 surface rupture. The well-defined 8 m scarp at Marbang 242 

is only ~12 km southwest of Pasighat and on the same fault trace the authors interpret to record 1950 rupture 243 

(Figure 8).  The Marbang trench log is reproduced in Figure 13.  244 

Structural and stratigraphic relationships exposed in the Marbang trench preclude that the scarp was involved 245 

in a 1950 rupture. The growth stratigraphy of unit 4 is horizontal and in angular unconformity with the underlying 246 

unit 3 growth package. The underlying unit 3 package was tilted by an earthquake that preceded the deposition of 247 

unit 4: unit 4 was deposited shortly after tilting of unit 3 and unit 4 was deposited subsequent to an earlier 248 

earthquake. Radiocarbon samples extracted from unit 4 are on the range of 2000 years old. If an earthquake as 249 

large as interpreted by the authors occurred in 1950, the unit 4 sediments would be deformed. They are not. Rather, 250 

the untilted 2000 year old sediments are evidence against surface rupture having occurred during 1950.  This is 251 

quite in contrast to the Coudurier-Curveur et al (2020) characterization of the paper: “..despite dedicated research 252 

(e.g. …Jayangondaperumal et al, 2011), no unequivocal evidence of a primary surface rupture was found for a 253 

long time”. The Priyanka et al. (2017) paper also ignores this site.  254 

The 1950 fault trace interpreted and mapped by Coudurier-Curveur et al (2020) continues southward from 255 

Marbang across a step in fault trace a distance of about 8 km to Niglok (Figure 14). Evidence that scarps at Niglok 256 

record 1950 surface rupture is limited in Coudurier-Curveur et al. (2020) to photos of the scarp (their Figures 4a 257 

and S2) and comment on its fresh appearance. The author has observed and reported on numerous scarps along 258 

the HFT that date back more than 500 years (e.g., Wesnousky, 2020) and give ‘fresh appearance’, so the photo is 259 

not robust evidence of 1950 rupture.  Priyanka (2019) , from study of exposure provided by two trenches emplaced 260 

across the Niglok scarps (Figure 14),  independently interprets displacement on the Niglok scarps occurred in 261 

both the Sadiya earthquake of 1697 and the great Assam earthquake of 1950. I was provided the opportunity to 262 

visit and independently log the excavations. The logs I constructed of the two trenches are combined with the 263 

radiocarbon ages published by Priyanka (2019) and provided in  Figures 15 and 16. The main similarities of the 264 

two trench sites are that (1) they are across scarps asserted to record surface rupture in 1950, (2) each is across a 265 

morphologically well preserved scarp, (3) the fault responsible for creation of the scarp is clear and extends to 266 

near the surface in each exposure, and (4) there is no evidence to clearly supporting the authors assertion that 267 

rupture occurred here in 1950. The latter point warrants explanation:  Initially consider that the deposits colored 268 

yellow on the footwall of each surface are growth stratigraphy deposited subsequent to the last fault displacement. 269 
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Detrital charcoal in the deposits is invariably many hundreds of years old, allowing that they were deposited 270 

significantly prior to the most recent displacement in 1950. One may alternately consider that the footwall deposits 271 

existed and were faulted at time of last displacement and arrive at a similar result: the most recent displacement 272 

occurred after a time many centuries ago. Neither interpretation yields clear and direct evidence of 1950 rupture.  273 

Log of Trench 01 in Figure 15 shows fine grained growth stratigraphy (yellow units 1 to 4) resting on faulted 274 

fluvial gravel and truncation of Siwalik bedrock on the hanging wall. The ages of detrital charcoal are also plotted 275 

in Figure 15  according to stratigraphic horizon they are sampled. The detrital charcoal ages from unit 1 range 276 

from 83 BC to 1475 AD. To interpret that the unit 1 deposit actually post-dates 1950 requires an assumption that 277 

the residence time of detrital charcoals prior to being deposited here is at minimum 500 years and up to 2000 278 

years. Alternately allowing that unit 1 existed at the time of last fault displacement at best places the displacement 279 

at post 1475AD, well before 1950, unless again an assumption of long residence times is assumed for the samples.  280 

Either way, any interpretation favoring 1950 surface rupture here will necessarily be based on assumption and an 281 

alternate interpretation that the most recent surface rupture predates 1950 equally valid. 282 

Unit 7 of the trench 02 log shown in Figure 16 is fine-grained sediment analogous to modern overbank flood 283 

deposits. The unit appears to be faulted. Ages in the unit cluster around the AD/BC boundary. Accepting the 284 

interpretation, it may only be said that displacement occurred around or after the AD/BC boundary. If one is to 285 

assert that displacement occurred in 1950, it requires detrital charcoal resident times of a couple of thousand years. 286 

Radiocarbon ages for samples taken from Unit 7w are stratigraphically and radiometrically younger than those 287 

taken from underlying unit 7. The ages are bracketed between 1477 to 1654 AD.  If deposited after the most recent 288 

offset, they suggest the event occurred well prior to 1950 , unless it is assumed that each is characterized by 289 

residence times of hundreds of years. In any case, any interpretation of 1950 displacement here would be based 290 

on assumption and not definitive evidence. 291 

Alternately, if deposits of unit 7w are considered to have been deposited prior to the most recent displacement, 292 

they only provide information that displacement occurred after 1477 to 1654 AD and one must again assume long 293 

residence times to arrive at the conclusion that 1950 displacement is recorded in the exposure. While one may 294 

consider the assumptions to yield a 1950 interpretation reasonable, they do not lead to proof of 1950 displacement. 295 

Indeed, observations can equally if not more likely be interpreted to reflect pre-1950 displacement. 296 

The sum of observations does not preclude the possibility that surface rupture occurred in 1950. They do 297 

though in my view show that neither of the two papers provide substantive, definitive, quantitative evidence that 298 

the 1950  Assam earthquake produced surface rupture along the HFT. The interpretations of 1950 surface rupture 299 

at any particular site much less along a continuous 200 km section of the Himalayan front are based on assumption 300 

and circumstantial evidence and there are observations that contradict their conclusions.  An unfortunate 301 

consequence of the papers is that the findings taken at face value and not considered carefully may serve to  stymie 302 

future investigators from further efforts to find whether or not surface rupture along the HFT or elsewhere 303 

accompanied the 1950 Assam earthquake. At this time, clear and substantive evidence does not exist. 304 

Discussion and Conclusion.  305 

The ~Mw 8.7-8.9 June 6 1505 (central Himalaya), the Mw 8.4 Jan 15, 1934 (Bihar), and the Mw 8.7 Aug 15, 306 

1950 (Assam) earthquakes are the largest documented in the historical record. A considered view of the 307 
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observations reveals no clear and substantive evidence that any of them produced surface rupture along the 308 

Himalayan Frontal Thrust. The logical implication then is that the paleoearthquake magnitude detection level for 309 

earthquakes on the MHT is on the order of Mw >8.7. One may entertain the suggestion that scarps formed during 310 

these three particular large earthquakes have been eroded or buried, but it is difficult to reconcile with the existence 311 

of numerous much older uneroded large fault scarps in young alluvium at places along the entire length of the 312 

HFT (Wesnousky, 2020). On a practical level then,  the observations remain pointing to a paleoearthquake 313 

detection level threshold of Mw > 8.7.  The result does not preclude lesser sized earthquakes from producing 314 

surface rupture along the HFT at some time but, with the observations in hand, paleoseismology cannot be 315 

expected to consistently provide a complete geologically recorded history of events at or below ~Mw 8.7. Further 316 

search for evidence of surface rupture attendant to these largest of Himalayan earthquakes along the HFT remains 317 

warranted and encouraged. 318 
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 389 

Figure Captions. 390 

Figure 1. (Bottom left inset) General plate tectonic framework showing convergence of India into Tibet along 391 

arcuate zone of thrusting (The Himalayan arc). (top right inset) generalized north–south cross-section  transverse 392 

to Himalayan arc shows location of Main Himalayan thrust (MHT) décollement and intersections with surface 393 

that define the HFT and MBT and location of contemporary moderate size earthquakes. Location of 394 

paleoearthquake studies shown by solid dots. Synopsis and citations to original studies are in Wesnousky (2020). 395 

Blue and green dots cited specifically in text are from Kumar et al. (2006) and Le Roux-Mallouf et al. (2016). 396 

Red dots are locations of felt reports used by Jackson (2002) to interpret 1505 earthquake is possibly result of slip 397 

on the Main Himalayan Thrust.Yellow stars are locations of felt reports reported by Hetenyi et al. (2016) to 398 

interpret source area of 1714 earthquake.  Magnitudes and approximate source areas from Bilham (2018). 399 

Figure 2. (a) Reproduction of both sides of Pasighat trench wall presented by Priyanka et al. (2017) showing 400 

location and ages of radiocarbon samples. (b) Radiocarbon ages from both trenches replotted with Oxcal (Ramsey, 401 

1955) and grouped according to unit from which authors report they are sampled and arranged in stratigraphic 402 

order. Sample names at left of each plot end indicate unit from which sample taken. Plot on right is same as left 403 

except horizontal axis expanded to more clearly show ages. Vertical blue line marks 1950. Blue dots with arrows 404 

are samples reported to be radiocarbon ‘modern’ post 1950.  405 

Figure 3. Images of Bulk Sample locations from unit 2. Modern roots are abundant in the unit 2 layer from which 406 

bulk samples yield modern ages, yet adjacent discrete detrital ages from same unit yield significantly older ages. 407 

Figure 4. The young and modern ages of samples P7 and P9 are used as primary evidence that the deposits in 408 

which they were taken were deposited after 1950. See text for discussion. 409 

Figure 5. Sample P6  located at orange flag in geologic context. 410 

Figure 6. Location of Priyanka et al. (2017) trench in context of trace of HFT (red line) and Pit excavated on 411 

Brahmaputra flood plain. 412 

Figure 7. Soil development on sands from 2000 Brahamaputra River flood is markedly less where exposed in a 413 

pit (upper) in comparison to that developed on the upper layers of the Priyanka et al. (2017) trench wall that are 414 

interpreted to post date 1950. 415 

Figure 8. Reproduction of Coudurier-Curver et al. (2017) figure where within they describe“surface traces of the 416 

great, 15/8/1950, Assam earthquake rupture on Main Himalayan Frontal Thrust (MFT) and Mishmi Thrust (MT) 417 

are outlined in red (dashed where inferred along Manabhum anticline front” The locations of Marbang and Niglok 418 

are added here. 419 
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Figure  9. Reproduction of Coudurier-Curver, et al. (2017) Figure 6 that is described as “1950 surface break along 420 

the Main Himalayan Frontal Thrust”. 421 

Figure 10. Profile and photo of scarp at Pryanka et al. (2017) trench site. The location of the trench site is marked 422 

by T in Figure 9 and the observed scarp may be followed continuously to the south and the surface delineated T1 423 

in Figure 9. 424 

Figure 11. Reproduction of Coudurier-Curveur (2020) figure 5 showing scarps and terraces at Kamlang. 425 

Figure 12.  Images of 1999 Chi-Chi earthquake scarp put forth by Coudurere-Curveur (2020) as analog and 426 

support for interpretation that scarp shown in Figure 11b is result of surface slip in 1950. The clear presence of 427 

folding and presence of a dip panel that is commonly preserved on scarps approaching 1000 years along the length 428 

of the HFT and for the 1999 Chi-Chi scarps is not evident at Wakro. 429 

Figure 13. Reproduction of Jayangandoperumal et al.’s  2011 trench log at Marbang. See Figure 8 for regional 430 

Location. 431 

Figure 14. Map of fault trace, progressively offset terraces, and trench sites near Niglok. Site location labeled on 432 

regional map of Figure 8. 433 

Figure 15. Log and photo of Trench 01 at Niglok. Plot of radicarbon ages at right. Location on Figure 14. 434 

Figure 16. Trench log and Photos of Niglok Trench 2. 435 

Figures (and captions) 436 

437 
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Figure 3. Images of Bulk Sample locations from unit 2. Modern roots are abundant in the unit 2 layer from which 463 

bulk samples yield modern ages, yet adjacent discrete detrital ages from same unit yield significantly older ages  464 
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Figure 4. The young and modern ages of samples P7 and P9 are used as primary evidence that the deposits in 467 

which they were taken were deposited after 1950. See text for discussion. 468 
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Figure 5. Sample P6  located at orange flag in geologic context. 471 
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Figure 6. Location of Priyanka et al. (2017) trench in context of trace of HFT (red line) and Pit excavated on 473 

Brahmaputra flood plain. 474 

 475 

Figure 7. Soil development on sands from 2000 Brahamaputra River flood is markedly less where exposed in a 476 

pit (upper) in comparison to that developed on the upper layers of the Priyanka et al. (2017) trench wall that are 477 

interpreted to post date 1950. 478 
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 481 

Figure 8. Reproduction of Coudurier-Curveur et al. (2017) figure where within they describe “surface traces of 482 

the great, 15/8/1950, Assam earthquake rupture on Main Himalayan Frontal Thrust (MFT) and Mishmi Thrust 483 

(MT) are outlined in red (dashed where inferred along Manabhum anticline front” The locations of Marbang and 484 

Niglok are added here. 485 
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Figure  9. Reproduction of Coudurier-Curver, et al. (2017) Figure 6 that is described as “1950 surface break along 488 

the Main Himalayan Frontal Thrust”. 489 
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 492 

Figure 10. Profile and photo of scarp at Pryanka et al. (2017) trench site. The location of the trench site is marked 493 

by T in Figure 9 and the observed scarp may be followed continuously to the south and the surface delineated T1 494 

in Figure 9. 495 

 496 

Figure 11. Reproduction of Coudurier-Curveur (2020) figure 5 showing terraces at Kamlang. 497 
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 498 

Figure 12.  Images of 1999 Chi-Chi earthquake scarp put forth by Coudurere-Curveur (2020) as analog and 499 

support for interpretation that scarp shown in Figure 11b is result of surface slip in 1950. The clear presence of 500 

folding and presence of a dip panel that is commonly preserved on scarps approaching 1000 years along the length 501 

of the HFT and for the 1999 Chi-Chi scarps is not evident at Wakro. 502 

 503 

13.504 

 505 
Figure 13. Reproduction of Jayangandoperumal et al.’s  2011 trench log at Marbang. See Figure 8 for regional 506 

location. 507 
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 508 

Figure 14. Map of fault trace, progressively offset terraces, and trench sites at Niglok. See Figure 8 for regional 509 

location. 510 

 511 

 512 

Figure 15. Log and photo of Trench 01 at Niglok. Plot of radicarbon ages at right. Location on Figure 14. 513 

 514 
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 516 

Figure 16. Trench log and Photos of Niglok Trench 2. 517 
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