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Introduction: Splash-form tektites are wholly 

melted bodies in which the molten primary morphology 
was principally controlled by cohesive forces, most im-
portantly by surface tension and variably opposed by 
centrifugal forces from non-uniaxisymmetric rotation. 
Ultimately the majority of splash-form tektites are plas-
tically deformed by atmospheric interaction during the 
ejection phase and variably heated / ablated then cooled 
/ spalled during re-entry. Muong Nong-type layered tek-
tites can be larger [1] [2]; however, these were not fully 
molten tektite droplets controlled by surface tension. 

Up to 2011, the heaviest splash-form tektite in the 
Australasian tektite strewn field, and in the world, was 
from Paracale-Labo, Bicol Region, Philippines and re-
covered by Prof. Henry Otley Beyer in April 1937 [3]. 
This tektite was donated to the Corning Museum of 
Glass in 2000 by Darryl S. Futrell [4]. It is catalogued 
as ‘2000.7.4’, measures 984 mm maximum diameter, 
905 mm minimum diameter [5] and accurately weighed 
as 1,070.54 grams [4]. The slightly off-spherical tektite 
is generally smooth with one side slightly more pitted. 
It has not been X-rayed. Previously, the same specimen 
has been reported as 1,065 g [6], 1,069 g [7], 1,069.6 g 
(4ʺ diameter) [3] and 1,070 g (a little over 4ʺ diameter) 
[8] and probably erroneously at 1,080 g [9]. In 2011, 
remarkably, this record was broken twice with two large 
tektites found within kilometers of the Beyer tektite: 
These new tektites are described and discussed. 

New Finds: On 5th February 2011 a 1,194.80 gram 
(± 0.02 g) tektite was found in Talusan Barangay 
(within ~1 km of 14°14'52"N, 122°46'4"E), Paracale 
Municipality, Camarines Norte Province, Bicol Region, 
Philippines. Attempts to acquire this tektite failed and it 
was exported to Munich, Germany, on 9th February 
2011. It was then exchanged for mineral specimens with 
a dealer in Melbourne, Australia, before reappearing on 
16th May 2011. The specimen was purchased by the au-
thor and brought back to the Philippines. 

The 1,194.80 g tektite has a smooth, locally lightly 
pitted, surface and is slightly off-spherical with dimen-
sions 111 x 107 x 103 mm. It has a volume of approxi-
mately 643 ml and so should weigh 1,575 g. It was 
therefore concluded that the specimen contained a 66.7 
mm diameter bubble. An X-ray taken on 19 September 
2011 indicated a bubble of 72 x 71 mm (likely slightly 
exaggerated due to the X-ray projection onto the film). 

Reportedly on 23rd August 2011 a new tektite weigh-
ing 1,281.89 g (± 0.02 g) was found. At the time of pur-
chase (24th August 2014) the author was told the speci-
men was found by a gold panner called Ronnel Canaria 

who comes from Malatap Barangay (within ~3 km of 
14°9'16"N, 122°36'37"E), Labo Municipality, Cama-
rines Norte Province, Bicol Region, Philippines. Later, 
the author was told by his middle man that the specimen 
itself came from Magsimalo (often cited as 14°17'0"N, 
122°45'0"E, but also the name of a river / stream, prob-
ably with 3 km of these coordinates, more likely to the 
east in the author’s opinion), Paracale Municipality, 
Camarines Norte Province, Bicol Region, Philippines. 

The 1,281.89 g tektite has a smooth, locally lightly 
pitted, surface and is slightly off-spherical with dimen-
sions 105 x 102 x 101 mm. It has a volume of approxi-
mately 601 ml and so should weigh 1,472.3 g. It was 
therefore concluded that the specimen contained a 53  
mm diameter bubble. An X-ray taken on 19 September 
2011 indicated a bubble of 61 x 60 mm (likely slightly 
exaggerated due to the X-ray projection onto the film). 

 
Fig 1: Left:  1,281.89 g tektite. Right: 1,194.80 g tektite 
from Paracale, Camarines Norte, Bicol, Philippines. 

To the authors knowledge, in December 2014, the 
1,281.89 g specimen is the heaviest known splash-form 
tektite and the 1,194.80 g specimen is the largest known 
splash-form tektite, by volume, and the second heaviest. 

Discussion: The three heaviest splash-form tektites 
in the world, alongside many other exceptionally sized 
specimens, have all been found in a geographically con-
fined area in the Paracale to ?Labo Municipalities.  

Transportation and reworking have concentrated 
tektites from this area into gravel deposits. These placer 
deposits have been worked for gold, often using manual 
techniques which are suited to the recovery of tektites. 
Miners know that tektites are associated with gold bear-
ing layers and are aware of their worth. Recovery is ef-
ficient in Paracale, but still does not explain the high 
abundances and often large sizes of tektites found here. 

Tektite occurrence is not random. Paracale appears 
to be situated on a very prominent easterly butterfly ray. 
The concept of tektites being concentrated in rays and 
large specimens being found along these rays is well es-
tablished in the up-range rays of Australia [10]. In the 
Philippines strong evidence of rays also exists (Fig. 2) 
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and the strongest case in the Philippines is in a line run-
ning from southern Zambales, through the northern part 
of Metro Manila, the northern shore of Laguna de Bay, 
Paracale, Siruma, Panganiban and out into the Pacific 
Ocean through drill sites V28-238 and ODP 804C [11]. 

 
Fig. 2: Philippine tektite occurrence (●) & possible rays 
emanating from suggested Gulf of Tonkin Crater [12]. 

In order to understand the size distribution of tektites 
along these rays one must review the atmospheric pas-
sage and interaction of the molten tektite droplet. The 
degree of atmospheric interaction is dependent on the 
energy imparted to the target rock in terms of tempera-
ture and inherited velocity, plus the angle of ejection. 

Distally ejected tektites formed from the first 
formed, highest temperature, lowest viscosity, melts. 
These melts readily cascade into smaller bodies. Proxi-
mally ejected tektites formed from the last formed, 
lower temperature, more viscous, melts which resist dis-
ruption and cascading and form larger bodies. 

Distally ejected tektites formed from the highest ve-
locity melts. The last formed, proximally ejected, tek-
tites formed from the lowest velocity melts. The higher 
the velocity / momentum, the greater the amount of at-
mosphere is traversed prior to the melt sheet being dis-
rupted into isolated droplets. With insufficient velocity 
some proximal bodies will not achieve atmospheric exit. 

Distally ejected tektites had the lowest ejection an-
gle in the oblique Australasian impact event. This meant 
that more atmosphere needed to be traversed in the ejec-
tion process. Proximally ejected tektites had the highest 
ejection angle and most direct route of atmospheric exit. 

 At a point between proximal and distal forms, me-
dial forms such as philippinites are found, with the large 
tektites of Paracale probably representing the peak man-
ifestation. These largest tektites probably formed from 
the melts disrupted at the highest altitudes: A combina-
tion of the optimum ejection velocity and angle               
(= quickest atmospheric transit time) and melt viscosity. 

Only at the highest altitudes (combined with higher 
viscosities) can larger (non-equilibrium, less stable) 

molten droplets resist the aerodynamic flattening of a 
sphere towards a discoidal shape [13] and subsequent 
cascading. Furthermore, during re-entry, spheroidal tek-
tites tumble or roll, but non-spheroidal forms orient, fo-
cusing heating then cooling on one surface and increas-
ing thermal effects and therefore spallation. A spheroi-
dal, balanced, body can achieve atmospheric re-entry 
with minimal spallation. A further limiting factor on 
spallation is that the largest tektites falling in Paracale 
would have had insufficient time to fully cool before re-
entry. They cooled sufficiently to resist deformation, but 
retained enough heat to resist significant brittle failure / 
spallation. Minor low pressure spallation (indochinite-
like with no Hertzian cones) is evident on these large 
tektites, represented by smoother, less pitted, surfaces. 

Finally, a tektite sphere in excess of 1 kg exceeds the 
thermal stress limits of the glass [14]. Many fragmented 
large tektites have been found in Bicol. It is probably no 
coincidence that the two largest complete splash-form 
tektites contain unusually large bubbles. The presence 
of a central bubble increases stability as crack propaga-
tion usually commences in the central region of the tek-
tite sphere [14]. The central bubble also reduces the 
thickness of the glass and should thus increase stability. 

One might expect to find similarly large tektites on 
the western butterfly ray southwest of the Malay Penin-
sula, possibly in the Andaman Sea. Interestingly, two 
large tektites were questionably [15] found in Kelantan 
[16] or Pahang [8] of the Malay Peninsula. This is on a 
westerly up-range ray, but at a practically identical dis-
tance from the possible Gulf of Tonkin source crater 
(17°45'20"N, 107°50'30"E) [12] to Paracale. Theoreti-
cally, even larger spheroidal dumbbells may exist. 

References: [1] Barnes V. E. (1971) Chem. Erde, 
30, 13-19. [2] King E. A. & Koeberl C. (1991) Meteor-
itics, 26, 357-358. [3] Beyer H. O. (1938) In: Beyer H. 
O. (1962) Philippine Tektites, University of the Philip-
pines. [4] Oldknow T.  (2011) Corning Museum of 
Glass. Pers. Comm. [5] Koob S. P.  (2012) Corning Mu-
seum of Glass. Pers. Comm.  [6] Futrell D. S. (1999) 
Rock and Gem, 29 (2), 40-45. [7] Beyer H. O. (1945) In: 
Beyer H. O. (1962) Philippine Tektites, University of 
the Philippines. [8] Beyer H. O. (1940) Pop. Astron., 28 
(1), 43-48. [9] Beyer H. O. (1954) National Research 
Council of the Philippines. [10] Chalmers R. O. et al 
(1976) Smithson. Contrib. Earth Sci., 17, 46 pp. [11] 
Glass B. P. and Koeberl C. (2006) Meteoritics & Planet. 
Sci., 41 (2), 305-326. [12] Whymark A. (2013), LPS 
XLIV, Abstract #1077. [13] Whymark A. (2014), LPS 
XLV, Abstract #1032. [14] Centolanzi F. J. (1969) J. 
Geohys. Res., 74 (27), 6723-6736. [15] Stauffer P. H., 
Murthy K. N. (1984) Federations Museums Journal, 29, 
22-41. [16] Scrivenor J. B. (1916) Geol. Mag., 5 (6), 
411-413.  

1095.pdf46th Lunar and Planetary Science Conference (2015)


