Utilization of Spores in Evaporite Studies

ABSTRACT

Many salt rocks contain fossil plant spores in a
good state of preservation and in large guantity.
White and grey rock salt; salt clay of green, grey ar
black colour; und occasionally suifates can be used
for analvsis, The concenivation of spores in roch
selt is as low as about 50 to 2,000 grains per cubic
centimeter, hut i salt clay of the same unit may
he as fugh as 100,000 grains per cubic centimeter.
The palyrological mmvestigation method is bused
upon the knowledge of spores which have been
transported over long distances, cqually distributed
in the air, und blown aver the original salt-forming
basins. The key to stratigraphic interpretution is
the fact, ihat each geologic period produced a dif-
ferent, significant wmicrofloral assemblage. Sait
spares prove to be of regional value because nao
local prollen rain, v in coal swamps, could signifi-
cantly influence the uniform mixture of long dis-
tunce pollen assemblages. The preservation of
shares is influenced by the chemical composilion
uf the embedding medium. Sodium chloride-vich
unils such as rock salt und salt cluy contain spores
with a high degree of carbonisation of the coat
{exine) and in special cases in which even the fossil
nucleus of the cell s present. Spores from dolo-
mitic clay or sulfates do not show eny nucleus-Iltke
inclusions; the carbonisetion can be less as is in-
dicated by the colour and very often different de-
grees of corrosion can be encountered. With this
basic knowledge a number of problems in saline
gealogy can be approached, such as dating of
diapiric salt, rewerking and resedimentation, pri-
mary depasition, und correlation of borehole sam-
ples of rock salt where selt layers of different
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geologic ages occur in the same sechion. And last
but not least spores have been used to Irace sources
of undergroundwater entering a mine.

GENERAL ASPECTS

Chronologic relationships between many sedi-
ments are based upon microfossils such as ostra-
cods, lorums or conodonts, But in rock salt and
ather related cvaporitic sediments, these reliable
zone markers are ulmost entirely absent. Appar
ently the brine was not receptive to such anima
life during the satoration process. But those or
ganic particles disiribuled by wind over the evap
orite basins are excellently preserved in a sali pro
ducing environment. The residue consists mainky o
pollen grains and spores. They are produced i
large quantities in the surrounding forests, airborr
over long distances, egually distributed over arca
of sedimentation, and deposited in the brine, The
immediate contact with a gradually saturating solu
tion containing 2 certain amount of halogens pro
tects the living spore cell from oxidation as well a
from bacterial and fungal life activities; this cause
such an excellent preservation that, in addilion t
the sporc coat with all details, in some cases eve
the nucleus of the cell can be {ound.

To select samples {or spore analyscs, one shoule
ohserve colour, crystallisation, and the amount ¢
carbonate, clay and sulfuric components. Suitabl
is white to grey rock salt {not reerystailised) an
black, grey or grey-green salt clay. Red and yellos
salt rocks do not contain spores. I possible
sulfuric components should be avoided as well ¢
dolomite and limestone. Tt is interesting to not
that teclonic actvity in a diapir docs only sligh
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damage to spores. A greater degree of fragmenta-
tion and carbonisation can be observed sometimes,
but spores remain still determinable.

The quantity of mafenial which s needed for
one analysis preparation is about one kilogram of
rock salt or about 10 to B0 grams of clay,

Prepuration technigues in general follow the
usual procedure in palynology, except in pure salt
in which the dissolution is started by distilled
water circulated around the rock sample. After
careful bleaching spores arve ready for microscopie
investigation at magnification of 300 to 1,000.

STRATIGRAPHY

Palvnological age derermination is based upon
the knowledge of pronounced changes in plant evo-
lation during the past. Beginning with approxi-
mately Silurian time, throughout the remainder of
the Faleozoie, and during the whaole of the Meso-
zoic Terdary, und Quaternary, we {ind char-
actenistic assemhblages of land plants. In that re-
spect spore stratigraphy of evaporites ts much the
same as in other sediments such as clav or coal. But
as experience demonstrates, a few additional fea-
turcs deserve close attention when using spores {or
salt stratigraphy.

First to mention is the fact that our well estab-
lished scheme of spore straugraphy is mainly based
on sediments like coal which was deposited in a
humid environment. But it is quite clear that we
cannot expecl elements of a swamp flora in zalt
samples. 1t was thus aecessary to establish a spore
sequence based on samples from an arid or non-
coaly cnvironment.

- A second important consideration in the deter-
mination ol stratigraphic relationships 15 that ol
reworking and resedimentation in salt deposits.
Many samples so far investigated in Lurope, espe-
cially from Alpine regions, contain a mixture of
spores of different preservation and age, In micro-
paleontology 1t is common to consider the age of a
sediment containing an assemblage with reworked
fossils equivalent to that of the youngest compao-
nent. Age determination of salinc deposits, cspe-
cially in diapirs, cannot follow that rule com-
monly. In many cases, diapiric salt is “coated” by
younger sediments, shale or clay or sometimes even
younger salt, Duwring tectonic movement, when
pressure causes plastic deformation of the salt, part
of the coating layors can be worked into the
diapiric salt in a greater or lesser degree. After
preparation of such a sample, “older” and
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“younger” fossils occor together in the same slide
and it becomes a problem to decide from which
component the age of the salt should be de-
termined. In such cases, an investigation of

PRESERVATION

may contribuie to the solufion of the problem.
Spores embedded in sali-rich sediments show a rel-
atively greater degree of carbonisation of the exine
then those of other sediments. The colour prior to
bleaching by chemicals is black in Palcozoic and
hlack-brown in Mesozoic spores. Spores associated
with dolomiric shales, sulfates and carbonatic ma-
terial tend more toward a vellow colour and often
show the effects of corrosion. Tor the first check
for reworked material it is necessary to leave the
spores untouched by oxydants and Dbleaching
chernicals, Infrared light facilitates observation and
determination of unbleached material.

Another preservation feature may also aid in the
determination of the environment in which spores
were deposited. In rock salt samples or sediments
influenced by hualogens, the preservation Is so
excellent that even the ancient nucleus of the cell
is preserved. The colour of the fossil is dark brown
like the spore coat after a short bleaching. Expe-
rience hag proved thaul this colour i3 not restricted
to a certain plant species of to spores of a certain
geologic age. Permian, Triassic and Fertiary salt
samples from different parts of the world contain
spores wilth nucleus-like inclustons, and in
younger salt we also find such features onginating
from both gymnosperms and angiosperms. In other
words, the reason for such extraordinary pres-
ervarion af spores apparently is the salty deposi-
tional environment. Humic acids in peat and
coal—for comparison-do not poymit a nuocleus
preservation.

A few investigations of spores in potash salts
show an extreme comtraction of the whole Hving
cell, resembling the resudt of dehydration.

it could be concluded that (1) high coahification
of a spore membrane, {2) nucleus like inclusions,
or (3} extreme contraction are typical features of
spores initially deposited in, or in the vicinity of,
salt deposits. The features mentioned can partly be
attributed to the influence of hromine.

The yellow colour of other preserved spoves,
mixed in the original population, indicates the age
of the coating rocks which are worked in during
deformation.
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ENVIRONMENT

In addition to stratigraphic relationships, envi-
ronmental conditions during deposition of salt can
be interpreted. The botanical determination of pol-
len grains and spores gives some hints zbout the
composition of forests. To reconsiruct density and
distance of flora, the absolute number of grains per
unit volume of sediment {1 cc¢) should be cal-
culated. Rock salt itself has a very low spore
density, about 30 to 2,000 grains per unit, and in
extreme cases as few as 10 grains have been ob-
served. Such a low density speaks for sedimenta-
ton lar from shove or distant from a vegetation
belt, or it means rapid deposition. However, salt
clay generally contains in the range of 3,000 ro
50,000 grains and In some rare cases 100,000
spores per cublc centimeter have been encoun-
tered. These figures reach values equivaleni to
those of a peat deposit where a very local dense
flora grows in the immmediate vicinity.

APPLICATION

A few illustrations may demonstrate the utility
of fossil spores in connection with the investigation
of saline depuosits,

Age determination.

Salt deposits in Ausiria are located at the border
of the northern Limestone zones of the East Alps.
At Hallstatt the mining activities extend back more
than 2,000 vears. The age of the salt has been the
subject of numerous discussions for more than a
hundred years and opinions range from Permian
through Lower, Middle, and Upper Trassic, to
Liassic. The spores proved to be of the same age as
the German Zechsteinsalt—in other words—Tate
Permian (Klaus, 1953, 1965}, Recently Holser and
Kuplan (1966) included in their sulfur isotope
research program a study of two samples from
Hallstatt, The results indicated quite clearly the
Late Permian age of the salt deposit. Palynological
age determinations have been carried out—among
others—from Iranian Tertary sali, some German
Trizssic and Jurassic deposits, and Tertiary/
Quaternary salt from Israel

Control of mining,

Alpine salt deposits mainly consist of a mixture
of salt, clay, anhydrite, und large imestone inclus-
ions, Salt and clay s of Late Pormian age, the
“cozt” and large marl and limesione inclusions
mainty of Late Triassic and Jurassic age. The latter
are of such dimensions, that their penciration for
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mining purposes 8 not advisable. Howev
Permian clays which are in muny cases of the sa)
colour and petrologic character are much thins
and a part of the salt sequence itself, and 2 m:
can be put forward easily. As soon as any clay
marl s met with during the mining operation
spore analyses are carried out in order to determ
whether the mining operation should be continu
or stopped,

Age determination of borehole sumples.

Many drillings for oil exploration penetr
several salt beds of different geologic ages. In so
arcas drilling will be stopped as soon as the low
mast—{or instance in the Zechstein basin Up
Permian—salt of a diapir is reached. To identify
of the different sult beds and eventually lacate
Permian, spore analysis is carried oul on e
borehole sample containing salt. In such o
smaller guantities than one kilogram must
analysed. The same investigation carried out 1
number of different drillings in one avea cnal
the genlogist to correlate the various salt beds.

Water-source determinaiion.

Underground water eniering a salt mine
cause considerable difficulty. The origin of
water can be determiined in some cases by sy
analysis, Surface water contains nimerous moc
poilen grains which can be transported in the n
for long distances.
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