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EXPERIMENTAL STUDY OF ABRASION OF TEKTITES AND OTHER GLASSESIN THE COURSE OF
FLUVIAL TRANSPORT OVER LONG DISTANCES. M. Hurtig, Dipl.-Min. (lausitzer.moldavite@gmx.pe

Introduction: Tektites and other natural glasses, plying the operating time by the inner circumfererd
such as obsidian, have been subject to destruntire the drum at the base {G G, = 188.5 cm) and at the
rosion and redeposition processes since their forma top of the sediment package(€ 60.8 cm), respec-
tion. Although the tektites in particular are calesied tively. After one hour operating time, the sediment
to be chemically highly durable [1], opinions about covered a distance of about 1.1 (top) to 3.167 km
their mechanical resistance differ widely. Soméharg (base) and an average of about 2.111 km (middle of
argue that moldavites, as representatives of éskt@tan sediment package). For the entire duration of the e
only be transported by rivers for a few tens obikie- periment (47 h 35 min), the average transport digta
ters before complete abrasion [2, 3, 4]. Contrarthe was about 100.5 km (top: 48.6 km; base: 150.7 km).
assumption that Lusatian moldavites derived from Results: After an operating time of one hour.{g
South Bohemia by river transport and thus have sur-~ 2.1 km) only 3 out of 14 tektites showed a veny |
vived fluvial transport distances of several huddre mass loss (ML ~ 0.2-0.4 %). All sharp-edged obsidi-
kilometers [5]. Under natural conditions, the almas  ans showed slightly higher ML (0.3-0.6 %). With the
of tektites and other materials can not be obseored tumbled obsidians, however, a nominal ML (0.1 %)
with considerable effort only. However, it is known could only be detected in 1 out of 2 samples. Adar
that sediments in rivers are transported shoviitipsg, range was provided by the artificial glasses
rolling, jumping (bed load) or floating (suspended (0.2-2.0 %). In the case of mineral pebbles, no ML
load) [6]. The moldavite-bearing sediments of the could be measured. Quite the opposite, an agate and
ancient Elbe River in Lusatia show a dominanceheft the feldspar were heavier than before the expetimen

bed load in a braided river system [7, 8]. Baset@n (due to water storage and weight measurements being
experiments, the abrasion of different tektites, taken prior to sufficient drying). After 47 h 35 mi
obsidians, artificial glasses and minerals wasyaeal. (dava7.5n ~ 100.5 km) all samples showed ML. The
Methodology: Since previous experiments on tek- range of the abrasion-induced ML for the 14 tektite
tites are considered to be far from realBy 4], a suit- was between 1.7 and 4.1 % (+ fragmentation up to
able and easy feasible method was sought to sienulat 4.3 %; MLy tekaor. ~ 2-3 %; MLy teksr+Fra, ~ 2.4 %).
sediment transport in a river. A concrete mixer KRAI The values of the 7 obsidians ranged from 1.6 3d%6.

Rapid, type RA, year of manufacture 1995, capacity (+ fragmentation up to 31.3 %; Mlopsabr. ~ 3.7 %;
140 I, drum n = 28 rpm (= 188.5 cm; r = 30 cm) MLy 0omsmr+rra.~ 7.5 %). Those of the artificial glasses
was used. It was filled with 25 | sand-gravel-mimgtu  varied from 3.7 to 9.3 % (+ fragmentation up to
(taken from the in-situ gravel body in the open pit 39.6 %; MLy grar. ~ 6.4 %; MLy clasr+Fra. ~ 14.7 %)
gravel mine “Lauf3nitz I" near Ottendorf-Okrilla;dsi and those of the mineral pebbles from 1.4 to 1.7 %
gestgravels:71.9x30.3x19.4and56.6x41.3x40.4mm) (ML oy 0tza0r. ~ 1.5 %) for the 3 quartz samples and from
plus 10 | water. The samples were added (2 Lusatian0.3 to 1.1 % (Mlya/rmr. ~ 0.6 %) for the agate/flint
moldavites, 4 South Bohemian moldavites, 6 indo- specimens. The abrasion in general (independetheof
chinites, 2 australites, 5 sharp-edged obsidiartan2 material) was particularly intense on sharp-edged,
bled obsidians, 4 artificial glasses and 7 recagvz freshly broken or clearly sculptured samples. Tdid-f
mineral pebbles). In advance they were photographed spar was subject to stronger fragmentation anddcoul
measured, weighed and described by some characterisnotbeidentifiedwithoutanydoubtaftertheexperiment.
tics (Tab. 1; Fig. 1 top). Still at non-operatirtgte of Discussion & Conclusion: The experimentally de-
the mixer the water-saturated sediment packagetermined mass losses due to abrasion are in thestow
showed a maximum height of 22 cm covered by a range of the expected values, which can be catulilat
water column of 3 cm. During operation, the sediimen on the basis of Sternberg's law (M Mge®) [9]. Mo
body was compressedsth = 20 cm; water column  and M correspond to the mass of a pebble at a zero
=5 cm). The inner drum radius above the sedimasst w point and after x km of river transport. The maikri
thus approx. 10 cm. A one-hour test run was imple- dependent abrasion coefficient c is given in theeco
mented on July 11, 2018. In the period from Julytd2  sponding literature for various minerals and rodkse
July 15, 2018 the filled mixer was put into opesati  to different conditions, however, the values vary
for further 46 h 35 min. This was followed by tlieal widely, e. g. for the group quartz, quartzite amerec
examination of the samples (Tab. 1; Fig. 1 bottom). (0.0001-0.1 ki) [10, 11, 12]. At a concrete c-value
The transport distances of the sediment and therefo of 0.0033 krit given for quartz [13], the ML would
also of the samples were calculated approx. byimult amount to ~ 28.2 % (18.8 times the experimental
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value) for the transport distance of 100.5 km. Base
on the experimentally determined ML (Ml .

~ 2.3 %; MLy oran. ~ 1.5 %) a corresponding c-value
for tektites can be calculated tf¢ = Cq*2.3/1.5

~ 0.0051 k). If the ML is negligible due to fragmen-
tation, it would be ~ 40 % with respect to abradion
tektites after a transport distance of 100 km. Tois-
trasts greatly to the experimental values. Theoreésr
the deviations is that ¢ is not only material-degesnt,
but is also influenced by the type and velocityrahs-
port and by the properties of the transport medaunch
the river itself. A general abrasion rate of 0.004"
was determined for the Elbe River, which can'iee
garded as relatively safdtranslated from the German
original "als relativ sicher angesehen werdén14, p.
59]. For the assumption thatye = Corz.ewe and consid-
ering the experimental values, Mkexrepe fOr tek-
tites after being transported 10 km in the ElbeeRiv
(Crekee = 0.00153 krif) is ~ 1.5 % (50 km: 7.4 %;
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flow velocity of the ancient Elbe River, which theol-
davite-bearing sediments deposited in Lusatia, must
have been at least 1 m/s [8, 15]. In the experintaet
device-related transport velocity of ~ 0.59 m/s \Wwas
low. This could be a reason for the insufficient ML
But in conclusion it can be said that tektites aftiter
glasses can survive several hundred kilometers/ef r
transport, whereby obsidian (usually) and artificia
glasses are more strongly abraded (or also fragrdgnt
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9 g ¢ Dimensions | Mass | Mass (g) after | Dimensions (mm) after [ Mass (g) after 47.5 h | Mass Lost (%) after
No.| Name | Area(Location) | Additional Details (mm) (@ |1h (av(.g2).l km) o (m?.gioo.s km) |47.5h Gav. iooﬁs km)
| 1| moldavite | Lusatia (Ott.-Okr) | brokenoff, smallpits | 162x124x48 | 119 1.19 1.17 1.7
| 2 | moldavite | Lusatia(Ott-Okr) | brokenoff. smallpits | 162x127x53 | 1.07 1.07 1.05 19
| 3 | moldavite (Chlum) | small chip. sculptured | 24.6x140x113] 2.63 2.63 2.55 3.0
| 4 | moldavite Chlum) | small chip. sculptured | 248x126x7.9 | 2.38 2.38 2.29 +0.03 (2 pes.) 2.5 (+ fragm. 3.8
| 5| moldavite (Slavée) big chip 3L1x154x84 [ 429 428 4.15 33
L moldavite | S Bohemia (Slavée) blE c]u'E. 238 bubble | 20.7x16.9x10.3 | 4.10 4.10 401 2.2
| 7| australite | WA (Nullarbor P1) core 187x172x14.9 | 5.23 5.23 18.6x17.0x14.9 5.13 19
| 8 | australitc | WA (Nullarbor P1) half core 30.9x26.4x22.2 [ 19.65 19.65 30.6x26.1x22.2 19.28 19
| 9 | indochinite China? fragment 204x219x143] 852 852 21.7x13.9 834 21
| 10 | indochinite China? teardrop 55.9x18.8x17.0 [ 17.02 17.02 53.7x18.6x16.3 16.65 2.2
| 11| indochinite China? small chip 262x195x16.7 9.55 9.55 262x188x16.2 9.36 20
I_2 indochinite Thailand? big chiE. flat 470x41.0x94 | 15.14 15.08 460x354x93 1449 +0.03 5pes) | 4.1 (+ frdgm. 43)
| 13 | indochinite China? broken off. sm. teardr. | 30.1x17.6x 14.4 | 7.43 743 29.5x174x 140 7.30 17
| 14 | indochinite China? small pits 213x17.6x16.9 | 6.92 691 21.2x17.3x16.6 6.78 2.0
15| obsidian | Lipari("RoccheR.")| sharp-edged, layered [ 46.9x342x123 | 1545 15.35 45.1x30.5x11.5 1439+0.09(1pe) | 6.3 (+fragm. 6.9)
| 16 | obsidian | Lipari ("RoccheR.")| sharp-edged. oblong [ 53.9x23.2x 12.4 | 13.98 13.89 —(broken) 9.61+3.61(3pes) | 54 (+fragm. 31.31)
17 obsidian | Lipari ("Rocche R.")| sharp-edged. blocky | 36.8 x29.6 x20.9 | 20.65 20.58 36.5x27.4x20.2 19.98 32
| 18 | obsidian | Lipari ("RoccheR.")| sharp-edged. layered | 29.7x 14.8x10.9 | 4.26 424 4.09 4.0
19| obsidian | Lipari ("RoccheR.")| sharp-edged. layered [253x140x10.1] 322 3.20 3.10 3.1
120 | obsidian Arizona? tumbled .8 130.02 30.00 29.54 1.6
21| obsidian Arizona? tumbled 1757 17.57 17.29 1.6
122 | artif. glass waste (Ott.-Okr.) | sha ., gas bubbles 5[104.1 103.3 93.87+0.52 (12 pes)| 9.3 (+ fragm. 9.8)
123 | artif. glass waste (Ott.-Okr.) sharp-edged 18.55 18.52 17714008 2pes) | 4.1 (+fragm. 4.5)
1 24| artif glass waste (Ott.-Okr.) sharp-ed.. few gasb. 16.34 16.27 15.57+0.16 G pes) | 3.7 (+fragm. 4.7)
125 | artif. glass waste (Ott.-Okr) | sharp-ed.. lots of gasb. 5| 8.08 7.92 8.3 (+ fragm. 39.6!
26 flint (Kénigs Wusterh.) cllipsoid 20.19 20.19 x26.1x15.7 0.3 . . .
27| agte | Lusati (O1-Oks) 2131|2152 (FHOD| 3553x27.1x223 04 Fig. 1: Sample selection.
28 agate Lusatia (Ott.-Okr.) weathered 39.9x25.1x15.6 [23.33 23.33 398x25.1x15.5 1.1 H
ﬂ smoky quartz | Lusatia (Ott.-Okr.) 22.1x174x 144 773 22.1x174x 143 14 TEktlteS no. 9_14 before
30 | amethyst Lusatia (Ott.-Okr.) crystal 188x153x11.5 3.60 18.6x15.3x11.5 3.55 14 (top) and after (bottom)
3_1 clear quartz_| Lusatia (Ott.-Okr.) 203x173x11.4 521 20.1x173x11.4 5.12 1.7 )
32| feldspar | Lusatia (Ott-Okr) rhombohedral 175x162x9.5 2.75 (+H,01 —(broken) unidentifiable 2 (undetectable) the eXpe riment (aV_ trans-

Tab. 1: Sample data. Red marked values show changes diue éxperiment. port dist. ~ 100.5 km).



