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Introduction: The section of Middle Permian de- Some transparent spherules are partly coated with
posits on the Velebit Mt., Croatia, is located 160 thin white amorphous crust as a kind of "cemenitj.(F
from the nearest industrial city in a mountain raad 2). The same material also occurs as larger chunks,
which exposes thick succession of shales interttbdde pitted with holes which probably nested glass spher
with shallow-marine dolomitized limestones of réefa ules, herein referred to as "matrix". The brownish
and peri-reefal origin (Fig. 1) [1]. Glass sphesu[g] spherules and droplets are much fewer and areowet ¢
were found in sediments of th&leoschwagerina  ered with the "cement" crust.
craticulifera biozone (Late Roadian/Early Wordian) A number of transparent spherules are fused to-
during recent study of intra-Guadalupian ecological gether making clusters, usually composed of a targe
crisis and recovery. After the initial discoverydi spherule with several smaller ones attached.
tional sampling and sub-sampling was done along the
whole length of the outcrop to check for possitba-c
tamination and to find horizon with most spherules.
Spherules were found only at 2 of 10 sampling loca-
tions; in "basal" black shales 5.5 m below thet fiee-
fal limestone in the succession, and in a shalelbgd
m below the second reefal limestone (Fig. 2 in.[2])
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Fig. 2. The transparent spherule in the centres 2m in
diameter and half-covered with white carbonate '&eth
crust. Two fused spherules are in the lower lefhen

Research methods: Spherules and their "cement"
were analyzed at the Rudjer BoSkbinstitute Accel-
erator facility using PIXE Spectroscopy in high vac
uum at the ion micro-beam end-station. The 2 MeV
Fig. 1. Position of studied shales (dot) in Dinalps. proton beam of about 50 pA current was focused to

several um in size and positioned on selected aneas

M orphology and types of spherules: The spher-  samples. X-rays from the selected areas of the lsamp
ules are glass-transparent, essentially colorlmgsew were collected by PGT Si(Li) detector with 8.4 phimt
are tinted yellowish to brownish (Fig. 2). The nréjo Be window and Al "funny filter" (75 pm thick with.2
of spherules are perfect spheres 180 — 620 um-in di % hole area). Quantitative analysis of collectedEPI
ameter, whereas ellipsoidal glass grains are felmetr,  spectra was performed using fundamental parameter
up to 1090 um long. Teardrop-shaped glassy graes a approach with GupixWIN Software [3]. Iterated matri
rarest and up to 600 um long. solution algorithm was used assuming that all tkee e

Some spherules are made of massive glass, butments are present as oxides with the option of airm
some contain small vesicles, sometimes aligned in zation to 100%, except in the case of metallic tibp
"laminae". Some broken spherules reveal their ho- where it was assumed that invisible elements wete n
mogenous structure, whereas some are hollow in thei present. Glass standard NIST 620 was used forraalib
centers - resembling a glass balloon. tion.
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Chemical composition of spherules: Two types of
spherules were analyzed; a) transparent spherakes a
ellipsoidal glass grains, and b) brownish-tintetiesp
ules. These were complemented by analysis of the "c
ment" crust, "matrix", and the teardrop grain.

Composition of analysed spherules and glass giains
wt %
transparent brownish | “"cement"| "matrix"

N&O | 15.1-21.27 10.68 0.00-1.13 0.73*
MgO | 2.69-3.43 2.02 0.00-0.65F 0.51*1.58
Al,Oz| 1.13*5.40 2.83 7.44-13.72 3.63-14.62
SiO, | 71.46-83.65 69.74 4.17-6.20| 1.09*-11.94
SO, | 0.13*1.88 - 0.00-0.32% 0.26*

Cl | 0.00-0.043 0.14* 0.00-0.14¢ -

K,O | 0.13*0.82 - 0.58*0.92r  0.65*

CaO | 10.91-14.55 20.71 5.60-72.20 62.82-74.15
TiO, | 0.03*-0.16* 0.14* 18.35-78.5915.63-21.69
MnO | 0.007*-0.1* 0.35* - 0.099*
Fe,0s| 0.11*0.37 - 0.84-2.83 0.86

* measured at the detection limit

Discussion: The table shows quite consistent
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The stratigraphic position of spherules within the
GuadalupianNeoschwagerina craticuliferaone, pos-
sibly Roadian/Wordian boundary, which is character-
ized by ecological crisis at the studied sectigens a
guestion of their origin.

Chemical composition of the majority of spherules
indicates rather high content of Si and Ca and @&y
content of Ti oxides (at the detection level), whgig-
nificantly differs from the composition of "cemerahd
"matrix" which are rich in Ca and Ti oxides and de-
pleted in Si, and the droplet which is essentiaigde
of Fe. Consequently, the origin of spherules atot
glass grains found at the Velebit Mt. Middle Pemmia
section is unrelated to the Emeishan flood basalts,
which differ chemically and in age [4]. The preseiné
shocked quartz grains [2] and chemical diversity of
spherules and glass grains in the studied sectaynb®
explained by an asteroidal impact into a mixed sedi
mentary target, possibly offshore to account fog th
formation of tsunami deposit.

Conclusion: The difference in composition of glass
grains, spherules and "matrix" indicates their corsé-
tion from melts of different chemical compositions
which were immiscible in reduced gravity, and ofigi
nated from melting of different source-rocks. Tihea*
trix" is Ca-rich and Si-poor, whereas the transpare
spherules are Si-rich and Ca-poor, so both inelyitab
originated from different source-rocks which might

chemical composition of transparent spherules andhave been carbonates and siliciclastics, respégtive

ellipsoidal grains, regardless of their size andpsh
which differs from the composition of brownish sphe
ules, "cement" and "matrix".

The chemical composition shows that majority of
transparent glass spherules are made almost grtirel

Si and Ca oxides, whereas brownish spherules are en

riched in Ca (63%), but depleted in Na (-41%) argl M
(-34%) oxides. The "cement" crust and "matrix" have
similar compositions. The "crust" has very widegan
in the amount of CaO, but the highest value islami
to that of the "matrix". The "crust" and "matrixtea
enriched in Ti oxides, but "cement" has signifitant
higher maximal concentration (78.59 %). Both "ctust
and "matrix" are low in Si and Na oxides. The teapd
grain is essentially made of Fe (84 %) with smdtia
tion of Ti (3%).

The chemical composition of spherules from the
"basal" shale and from the higher horizon below the
second reefal body [2] is within the measured range
with very small variation. The compositional unifor
ity of glass spherules at the studied section decuisn
their identical origin and reworking from the "bHsa
shales.

However, the Fe-rich melt which formed the teardrop
grain (micro-tektite) may bear geochemical sigratur
of a space body during its passage through thesatmo
phere, but for its characterization more reseasddiill
due.

Reworking of spherules from the "basal" shales
must have occurred during subaerial erosion of the
exposed spherule-rich shales during relative sed-le
falls and resedimentation of the debris in shalkow
oxic lagoons.
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