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Introduction: Australasian tektites (AAT) 

yield 10Be derived primarily from the source rock (or 

part thereof) [1]. In situ 10Be production does not ex-

ceed ~10 x 106 atom/g [2]. A trend of decreasing 10Be 

content with proximity to the assumed source area is 

observed (see Table 1) and may represent a ballistic 

equivalent of ‘inverted’ stratigraphy [2]. The half-life 

of 10Be is 1.39 Ma [3,4]. The implication is that AAT 

are derived from exposed surficial rocks or wholly / 

partly from a recent sedimentary rock or soil [2]. 10Be  

content must be explained in context with the Middle 

Jurassic Rb-Sr age [1]. 

Country Average 10Be Source 

Laos 59 ±9 × 106 atoms/g*  [2] 

Thailand 71 ±17 × 106 atoms/g*  [2] 

Vietnam 73 ±13 × 106 atoms/g* [2] 

China 85 ±24 × 106 atoms/g* [2] 

Indonesia 115 ±27 × 106 atoms/g*  [2] 

Philippines 121 ±22 × 106 atoms/g*  [2] 

Australia 136 ±30 × 106 atoms/g*  [2] 

Microtektites:   

Antarctica  184 ±8 x 106 atoms/g† [5] 

S. China Sea 260 ±60 x 106 atoms/g‡ [6] 

Table 1. Average 10Be concentrations of tektites 

grouped by country. (* = uncorrected; † = corrected for 

in situ production; ‡ = no data on correction). 

Scenarios: There are three solutions for the 10Be / 

Rb-Sr observations: 

1) There is thorough mixing between Middle Jurassic 

rocks and a young surficial cover (soil or sediment) 

during melt production. If it was a young fluvial sedi-

ment cover one would expect a ~1:4 ratio of young 

fluvial sediment to Middle Jurassic rock [1]. 

2) The source rock is solely Middle Jurassic in age. A 

weathered surface in the target area was exposed to 

meteoric waters for longer than the half-life of 10Be 

and if 10Be was not lost to erosion or solution then a 

~200 m column of Middle Jurassic bedrock could yield 

the correct 10Be content [1]. 

3) The source rock is solely a very young unconsoli-

dated sedimentary rock [2]. This implies that the that 

the Rb-Sr clock was not reset and represents the penul-

timate depositional cycle or an averaged Rb-Sr age.  

Discussion: Mixing is demonstrably poor in mi-

crotektites: “There is not time for impact melt to be 

thoroughly mixed and homogenized prior to being 

ejected” [7]. The lower temperature, presumably deep-

er excavated, Muong Nong-type (MN-type) layered 

impact glasses are “..compatible with incomplete mix-

tures of different target rocks” [8]. The compositional 

layering may reflect sedimentary bedding, indicative of 

melting with practically no mixing, implying 10Be con-

tent at depth. It was remarked: “assuming that during 

crater formation neither the precursor grains nor the 

material melted mixed efficiently on a scale of tens of 

meters (N. A. Artemieva and E. Pierazzo, personal 

communication, 2002) we conclude that the vertical 

extent or thickness (as opposed to the absolute depth) 

of the hypothetical region that participated in tektite 

formation was likely between 15 and 300 m.” [2]. 

The assumption made in [2] was that if mixing is 

poor then high 10Be values in tektite demonstrate a 

surficial origin (15 to 300 m). This has been supported 

by numerous authors: ~200 m [1]; X0 m [9]; first tens 

of cm’s of soil / sediment for Antarctica microtektites 

[5]. This assumption, however, is incorrect as it as-

sumes an impact on land or in a region of normal sed-

imentation. Within the region of most probable impact 

(i.e., Indochinese to southern Chinese region) the Song 

Hong – Yinggehai (SH-Y) Basin in the Gulf of Tonkin 

demonstrates exceptionally high sedimentation rates 

and therefore presumable abnormally high 10Be content 

at great depth. High 10Be values in AAT do not 

demonstrate a surficial origin unless the source crater 

geology is known. 10Be content, however, potentially 

allows a crude understanding of stratigraphy at the 

unknown impact location if depth of excavation of 

tektites can be independently estimated. 

It was stated in [10] that: “Excavation depth (ini-

tial position of ejecta in the target) drops quickly with 

increasing ejection velocity: from 0.25 Dpr for 2 km/s 

to 0.02 Dpr for 11 km/s” (Dpr = diameter of projec-

tile). The parabolic trajectory of tektites (neglecting 

atmospheric drag) were calculated [11]: at 2 km/s ma-

terial is ejected laterally 204 km at 15º and 75º; 312 km 

at 25º and 65º to a maximum of 408 km at 45º. Molda-

vites, from Ries Crater, occur at distances beyond 

~185 km. Assuming ejection angles from 15º to 75º 

(neglecting atmospheric drag), corresponding veloci-

ties of 1.35 to 1.9 km/s are calculated, indicative that 

tektites are present in ejecta travelling at under 2 km/s.  

The most widely accepted AAT source crater di-

ameter is ±40 km [12]. It is reasonable to assume that 

the AAT impact was comparable in size to the Chesa-

peake Bay impact (or possibly marginally larger), 

which is believed to have been produced by a 3.2 km 

diameter impactor [13]. An impactor of this diameter 

might excavate tektite producing ejecta to a depth of 
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800+ m (after [10]) (assuming no / shallow seas and 

suitable glass-forming lithologies in the stratigraphy). 

One can now present 3 possible impact scenarios: 

A) The impact was a highly oblique skipping impact 

(under 5º) resulting in an elliptical crater. Consequent-

ly, tektites were only produced from surficial material. 

B) The impact was oblique and resulted in a near-

circular crater. However, tektites were only produced 

from the surficial layers as the strata at depth was in-

compatible with glass formation (e.g., limestone). 

C) The impact was oblique and resulted in a near-

circular crater. Tektites were produced from rock de-

rived from the surface to ~800 m depth. 

The arguments can be readily tested as the surfi-

cial (early stage) origin of tektites (A & B) necessitate 

that ejecta is predominantly downrange with a distinct 

uprange zone of avoidance [14–16], i.e. an impact in 

northernmost Vietnam or Yunnan Province in China. 

Whereas C would eject tektites throughout the 360º 

azimuthal range (uprange and downrange) [14] with a 

crater in the center of the proximal strewn field (Ubon 

Ratchathani Province of Thailand, Savannakhét, Sala-

van, and Champasak Provinces of central-southern 

Laos, central Vietnam and the Gulf of Tonkin). 

Scenario A is dismissed by the ~124° downrange 

azimuthal difference between the butterfly rays vs. 

anticipated ~180° in a skipping impact [14]. Multiple 

parameters, including ejecta ray [17], microtektite [18], 

and geochemical [2,19] regressions, and MN-type lay-

ered impact glass distribution [19] all point to a broad-

ly central crater position either in the central-eastern 

part of Indochina or into the Gulf of Tonkin. This dic-

tates that the proximal ejecta in this oblique impact is, 

in part, uprange and was therefore later stage, coming 

from depth as the circular crater opened up. 

Poorly mixed MN-type layered impact glasses are 

therefore assumed to be derived from up to ~800 m 

depth (after [10]). The implication of high 10Be values 

at depth in the presence of poor mixing, is that there is 

a thick sequence of recent sediments at the impact site. 

One can make some ballpark calculations for the im-

pact site stratigraphy if one assumes that the 10Be iso-

concentrations represent a ballistic equivalent of ‘in-

verted’ stratigraphy: a now very feasible scenario if 

AAT represent a thick sequence of sediments. Assum-

ing that the impact was penecontemporaneous with 

sediment deposition, Antarctic and South China Sea 

microtektites represent the first formed surficial ejecta, 

and tektites in Laos represent the last formed ejecta 

one can calculate that a 2.28 to 2.97 Ma packet of sed-

iment was sampled by AAT. Assuming ~800 m depth 

was sampled; an average sedimentation rate of 269 to 

351 m/Ma is derived. The calculations are crude owing 

to multiple variables, but the take home is that a thick 

sequence of recent, rapidly deposited, sediment was 

sampled by AAT. 

To reset the Rb-Sr clock one requires substantial 

exchange and homogenization of Sr with sea and for-

mation waters. Rapidly deposited sediments, especially 

in a deltaic, but even in open marine environments, 

may preserve previous Rb-Sr dates [20] / an average of 

the provenance ages of the sedimentary constituents.  

Conclusions: The Song Hong - Yinggehai Basin 

in the Gulf of Tonkin is the only viable region with an 

abnormally thick sequence of recent sediments. Sedi-

mentation rates were estimated as 235 m/Ma (late Mi-

ocene), and 780 m/Ma (Pliocene to Quaternary) [21]. 

The ‘Great Sag’ [22] defining the SH-Y Basin depo-

center may be a complex play of pre-existing depocen-

ter and large slumped oblique impact crater. A distinct 

gravity anomaly, shallow-rooted chaotic seismic, ele-

vated geothermal gradient, and shale diapirism (possi-

bly representing post-impact hydrothermal activity) are 

present [23]. High sedimentation rates also readily 

explain the absence of a crater through rapid burial. 
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