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A COMPARISON OF TWO MINERALOGICAL METHODS APPLIED
TO THE DETERMINATION OF THE TERRIGENOUS COMPONENT

Abstract. The terrigenous component of Estonian bedrock was analysed using two
methods: method I for the Vendian, Cambrian, Ordovician, and Devonian rocks and
method II (express) for the Silurian rocks. This paper compares the results -of the two
methods applied in parallel for the determination of the terrigenous component of the
Silurian carbonate rocks. The most essential differences appear in the amounts of
micaceous minerals, opaque heavies, and phosphate minerals. The similarity is the greatest
in case of the amounts of allothigenous non-opaque minerals, which can be successiully
used for the reconstruction of sedimentation conéitions and the determination of strati-
graphic boundaries.

Investigation of the terrigenous component of sedimentary (resp. car-
bonate) rocks is of essential help in solving problems of sedimentogenesis
and lithogenesis, i.e. problems closely connected with the determination
of stratigraphical boundaries and correlations. Examination of allothige-
nous minerals in the sand-silt fraction under the microscope with the aid
of immersion liquids is of special® importance. First investigations in this
field were started in Estonia by Herbert Viiding about thirty years ago
(Buiipunr, 1965). The method was developed on the basis of samples from
the Devonian arenaceous sediments. The examined fraction 0.05—0.1 mm
of terrigenous minerals was separated by sieving; next the grains with a
diameter smaller than 0.01 mm were removed by washing. The 0.05—
0.1 mm fraction was separated using bromoform and the light and heavy
minerals were determined separately. The most valuable information was
received from the allothigenous heavy mineral suite. The method was
used for the research of Cambrian and Vendian clastic rocks, and also for
the study of the insoluble residue from the Devonian and Ordovician car-
bonate rocks. The initial weight for a sample of carbonate rock was 1000 g,
and it was crushed and dissolved in 109 acetic acid. Further the proce-
dures with the insoluble residue were carried out as mentioned above.
This method of the determination of the mineralogical composition of the
insoluble residue is very labour- and time-consuming as the dissolution
and separation are long-lasting processes. After washing out the fraction
finer than 0.01 mm, the amount of the sample left for sieving is often
only 50—100 g and consists mostly of aggregates and pyrite and Fe
oxides as authigenous heavies. This was the reason why despite of a
prolonged period very few Ordovician sections could be investigated using
this method.

To increase the labour productivity and the number of studied samples,
another method was elaborated for determining the terrigenous component
in the insoluble residue of the Silurian carbonate rocks (IOprencon, 1976).
The diameter of the Silurian deepboring core is often only a few centi-
metres, and the weight of the samples taken for the analysis was 30—
50 g. The samples were acidified in 3.5% hydrochloric acid. The size
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Fig. 1. The studied sections of Silurian rocks in the Kolka-54, Kaavi, Ohe-

saare, and Seliste borings with lithologic (terrigenous and carbonate ma-

terial) and granulometric composition. Light minerals are represented in
different fractions analysed by both methods (I, II).



Seliste

Fig. 2. The content of heavy minerals in the insoluble residue of Silurian carbonate rocks. Comparative data of relative amounts of heavy minerals
in different fractions are represented for both methods. See legend in Fig. 1.
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distribution was determined by pipetting and washing; that of the frac-
tions with a diameter bigger than 0.1 mm by sieving. The terrigenous
material in the Silurian carbonate rocks consists mainly of clay and silt
fractions and it contains fine sand only in a few cases.

Because of the fineness of the analysed material no separation of the
heavy fraction occurred in bromoform. Heavy and light mineral grains
were counted in parallel under the microscope. The percentage of light
and heavy fractions was calculated from the sum of the grains counted
(500—600). The mineral identification was carried out using immersion
liquids like in case of the first-mentioned method. About 1300 samples
from 52 borehole sections and numerous outcrops of the Silurian carbo-
nate rocks have been analysed by this method (IOprencon, 1988).

To compare and use the results of the analyses received by methods I
and II for different parts of the sequence of bedrock in the Baltic area,
the authors of this paper analysed a set of samples by both methods. The
sections for investigation were chosen at the level of the Silurian-Devo-
nian boundary in Seliste, Kolka, Kaavi, and Ohesaare boreholes. They
are composed of carbonate siltstones and sandstones (Kaavi, Ohesaare),
domerite (Seliste No. 7), and dolomites containing different amounts of
terrigenous material (Kolka, Seliste) (Fig. 1). In most of the studied samp-
les the <0.01 mm fraction was prevailing. The percentage of the sand-silt
fraction was bigger than 50 only in one third of the analysed samples.
By method I, the minerals were counted in 0.01—0.05 mm and 0.05—0.1
mm fractions and in the two fractions together, while by method II only
the whole 0.01—0.1 mm fraction was counted. Differently from method I,
biotite is regarded as a heavy mineral in case method II is applied, where-
as in case of method I, when biotite and chlorite do not separate in
bromoform completely, they may be present both in light and heavy
fractions. This explains the comparatively smaller amount of micaceous
minerals in the light fraction obtained by method II (Fig. 1). Among the
light minerals, the content of feldspar increases relative to quartz in fine
silt (0.01—0.05 mm), whereas quartz prevails in the coarse silt fraction
{0.06—0.1 mm). Only in two samples irom the Seliste core (Nos. 4 and
8) quartz prevails exceptionally in the fine silt fraction. The quartz: feld-
spar ratio in fine silt depends mainly on the mechanical differentiation
(light crushing of feldspar grains) of the sediment, and thus does not
yield much information about the source material and conditions of sedi-
mentation, especially in the case of authigenic feldspar.

The comparison of the results got by the two methods shows that
differences are the greatest in the total amount of heavy minerals (Fig. 2).
This may be due to errors and differences in counting as well as diffi-
culties faced in the determination of opaque minerals in the fine silt
fraction. Partly the differences can be explained by the greater solubility
of Fe oxides (hematite) in hydrochloride acid. The differences in the
results of the analyses seem to decrease with the increasing content of
terrigenous material in rocks.

The content of non-opaque allothigenous heavy minerals is somewhat
bigger in the fine silt fraction than in the coarse silt fraction (Fig. 2).
The difference is the most notable in sample No. 8 from the Seliste bore-
hole. In dolomites and domerites the opaque minerals are concentrated
in the coarse silt fraction, while in clastic rocks the situation is the
opposite.

In comparing the two methods, attention was focused on non-opaque
heavy minerals which are quite diagnostic of the terrigenous material in
carbonate rocks. Zircon, garnet, tourmaline, and rutile are the main
minerals delivering information since they exist in sufficient quantities
in most carbonate rocks. Comparing the results obtained by applying the
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Table I

Heavy non-opaque mineral composition of the sand-silt fraction of insoluble residue counted by the different methods

110

ajopidg

Pyro-
xene

Horn-
blende

Anatase|] Mona-
zite

Tita-
nite

Rutile

Corun-
dum

Apatite

Kyanite

Stau-
rolite

Tour-
maline

Garnet

Method| Zircon

Section;
depth, m

Sample
No

DD 1
RIS IsIes ] 1e)

R — o0 [NNE: TJioRaEgont " SN Sl e
dAaN—cm 'ad—x ' —coo—

OS=—OR | QO | T DNNTNONDO
T~ OS AN D — COCOOS —~MA —
© | N 10 | N © o~ -
i ie e b B R 1S ] g
BIRE R pe-P Rt SR BERL e 8 R SIS

© ~vmom|v|w!¢lmh|wmwovmlll
@ SN —— —~0 'CooNO©

DTND MW hoomowmvmmoommumll
NNNONN— mem—ow—w—;—m_vm

—

NNOD | Qﬁlplqu e B e el
cooc < Soo gg

DOORVWNOD | NN ® (v NN HODR
Nwmo—mmvlmomowl | s lai | v

Lk e TR S SR E SR R LRSS

PSRRI 83 P SR 208 1R ] 19

NN——NNI\VC’NO’)YPWWC}K}{D(\N—@—ww
N N N N N N

NOTONMUOH—~NONOITHNONDNIDOID TR NI

Nwmwl\wﬂ‘ locao C"JCO'Q‘I\—-NO’—-'—Q'I\ S o
- o 3 O T MO T O ™=©O =M

-—coooococm\t\o:co-—-‘cnocmcocot\mvv-vmz\:o

0 — O — < aowmnomvmcovmmaoﬁ-mmaomwmv
NI TFONONNONOIONNANTNMNMNAN T

Dy oo sl En o
L U VLD VO VD VN W 1 — — — =
o) S @
ﬁ?ﬁmﬁ?ﬁ?ﬁ?ﬁ?ﬁmﬁmgogogwm xz
L= P e B g i R RO o 5
omwlmwuho@oomgwggwgagmv 29
NN NN NN D =
<t e} [Ie} e D o ®)
i AR W A el
=N nlpwe AR (DTN o lmiiley Lien
e



two methods (Table 1, Fig. 2), we must consider that the amount of apatite
is modest in the samples dissolved in hydrochloric acid where it is prone
to go into solution and to decompose. Certain differences are notable in
the content of tourmaline and rutile as well. In the samples treated by
method I, rutile concentrates mainly in the 0.01—0.05 mm {raction (Fig.
2), and its total content (fr. 0.01—0.1 mm) is considerably smaller than
in the corresponding fraction received from the samples by method II.
Analogous differences have been established in the content of tourmaline.
These differences may be due to the shape and habitus of rutile and tour-
- maline grains affecting the results of sieving. We cannot measure the
“pure” size of a grain by sieving, as the result is affected by both size
and shape.

Table 2

Average diameter (¥) and median (Me) of the grains of zircon (120 measurings
in mm in one sample) and garnet (90), and average length (7) of tourmaline (80)
and rutile (80) grains

Zircon Garnet Tourmaline Rutile

Location
and depth, m % Me x Me i ' Me 7] Me
~Seliste 54.5 0.036 0.033 0.068 0.080 0.040 0.036 0.045 0.042
5 56.7 0.026 0.025 0.038 0.038 0.040 0.038 0.035 0.033
62.0 0.035 0.034 0.042 0.040 0.039 0.036 0.039 0.038
69.5 0.037 0.035 0.046 0.048 0.042 0.043 0.036 0.036
238.5 0.038 0.038 0.044 0.042 0.051 -0.050 0.036 0.036
e 342.1 0.045 0.048 0.0561 0.049 0.046 0.048 0.043 0.044
Kaavi 89—9.6 0.050 0.050 0.070 0.070 0.055 0.056 0.050 0.050
Ohesaare 0.030 0.030 0.040 0.040 0.040 0.040 0.040 0.040

A special measurement was carried out with the four main minerals
in samples from different depths under the microscope (Table 2). In the
terrigenous material of carbonate rocks, zircon and garnet are mostly
well-rounded with an average diameter 0.026—0.050 mm for zircon and
0.038—0.07 mm for garnet. Tourmaline and rutile are subrounded preserv-
ing still their elongated crystal form. They may behave differently at
sieving because the ratio of their length and diameter is about 2—4 : 1, the
average length of tourmaline grains being 0.04—0.051 mm and that of
rutile 0,035—0.05 mm. Thus, some grains of rutile and tourmaline may
be lost at sieving, and some tourmaline may stay in the light fraction at
separation in bromoform.

The similarity between the results of the two methods is greater when
the content of the terrigenous component in a sample is higher like in the
case of carbonate siltstones of the Kaavi boring (Fig. 2). It is clear that
the results received by method II cannot be compared with the results
for 0.05—0.1 mm fraction of the first method. Neither can we compare
the contents, but only the tendency of the amounts of minerals toward
increasing or decreasing.

Evidently, zircon has a maximum in the Seliste boring at the depth
55.8—55.9 m, while. garnet is represented abundantly at the depth of
89.5 m and in the samples of the Kaavi boring. Rutile is relatively abun-
dant in the Seliste boring at the depth 55.2—55.3 m. The content of co-
rundum has a maximum in the sample of the Kolka-54 boring. The pre-
sence of some accessory minerals is significant, too. In the upper part of
the Seliste section (54.5—59.7 m), a notable appearance of kyanite and
pyroxene (Table 1) occurs.
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Taking into account the studied material, we can conclude that there
is a characteristic relationship between the results of both methods. Con-
sidering the above-mentioned differences of the appearance and amount
of different minerals (biotite, apatite, tourmaline, opaque minerals), we
can successfully use both methods for the reconstruction of the geological
circumstances. As an example, we can consider the sequence of the
Kolka-54 boring at the Silurian-Devonian boundary, in which the samples
of the Devonian beds (except one sample) were investigated mainly by
method I (Fig. 3) and the Silurian beds by method II. The results give
us an idea of the succession of the geological events at the end of the
Caledonian phase of sedimentation. Taking into account the content of
non-opaque allothigenous minerals, we can make for instance some prove-
nance determinations. The appearance of corundum in the Upper Silurian
beds indicates the continuation of nearshore sedimentation conditions also
in the Lower Devonian. The mineralogical character of the beds at the
stratigraphic boundary gives evidence of a steady sedimentation process.
A notable change in the mineralogical composition indicating a possible
break in sedimentation took place at the level between samples 5 and 6
(Fig. 3); in sample 6 the maximum of zircon and quartz content occurs.
At this level, relatively coarse and well-weathered material is concentra-
ted. Upwards in the younger sedimentis, the amount of tourmaline and
apatite increases. In the beds immediately overlying those of sample 6,
we can find typical minerals of the sedimentation break, such as baryte,
coelestine, and anhydrite. The character of the Lower Devonian sedimen-
tary rocks in the Baltic area indicates a shallow sedimentation basin where
the sedimentation process was interrupted by frequent breaks.

We can conclude that both methods may give valuable information
about the geological processes that occurred in the past. This investiga-
tion suggests that the results obtained are comparable. The choice of the
analysis method depends on concrete circumstances. There exist numerous
mineralogical analyses which wait for geological interpretation. A pre-
liminary generalization of the mineralogical data of the Baltic bedrock has
been given by Viiding and the present authors (Buiiguur, 1976; IOpreu-
con and Buiiguur, 1982; Buiiguur et al., 1983), but a more detailed treat-
ment of the problem is still needed.
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Erika JURGENSON, Anne KLEESMENT

TERRIGEENSE KOMPONENDI MINERAALSE KOOSSEISU MAARANGUTE
SOLTUVUS METOODIKA VALIKUST

Terrigeense komponendi médranguid Eesti aluspohja kivimeis on tehtud kahe metoo-
dika jargi (I, 1I) ja korvutatud tulemusi, mis saadi siluri karbonaatkivimite terrigeense
komponendi mineraloogilise koostise paralleelse] midramisel molema metoodikaga (tab.
1, joon. 1, 2). Pdhierinevused ilmnesid vilkude, raskete opaaksete ja fosfaatsete mine-
raalide puhul. Léhedasemaid tulemusi andsid allotigeensete raskete libipaistvate mine-
raalide médrangud. Kontrollimaks tera kuju méju granulomeetrilisele koostisele moodeti
eraldi tsirkooni, granaadi, turmaliini ja rutiili teri mikroskoobis (tab. 2).

Saadud tulemuste korvutusest selgub, et mdlemat metoodikat on voimalik edukalt
kasutada kivimite settimistingimuste ja settebasseini arengu rekonstrueerimisel ning
stratigraafiliste piiride méddramisel. Neid on voimalik kasutada ka eraldi teatud labiloike
iiksikute osade mineraloogilise koostise médramisel, kusjuures siilib muutuste pidevus
(joon. 3).

Ipuka IOPTEHCOH, Aune KJEECMEHT

CPABHEHUWE JABYX METOO MWK ONPENEJEHUSA MUHEPAJIbHOIO COCTABA
TEPPUTEHHOIO KOMMNOHEHTA

CpaBHenbl pe3yabTaThl NapaJiieJbHOTO ONPEAE/NeHHsi MHHEpPAJbHOTO COCTaBa TeppH-
TEHHOIO KOMIIOHEHTAa CHJYPHHCKHX KapOOHATHBIX IOPOA OCTOHHH ABYMSI METOAHKAMH
(taba. 1, puc. 1, 2). OcHOBHbIE Pa3JHYHs BLISBJEHB B COCTABE CJIOM, TAKEJBIX Henpo-
3paunbiX H (ocdaTHbix MuHepasoB. Bosee G6aH3KHE pe3yabTaThl NOJyYeHbl AJs aJVIOTH-
PEHHBIX TSKEJBIX INPO3PauHblX MHHepasoB. Iloa MHKPOCKONOM HpPOBEAEHBl H3MEPEHHS
3CPEH UHMPKOHA, rpaHaTa, TypMaluHa M pyTdaa (Tabs. 2) B HeJsX NPOBEPKH BJAHSHHS HX
¢opmbl Ha rpaHy/JOMeTpHUECKHHl COCTAaB. YCTAHOBJIEHO, YTO 00 METOLHKH yCHelHo
NPHMEHHMbl JIJIl H3YYeHHs yCJIOBHH OCaAKOHAKOMJEHHSI M DPEKOHCTPYKIHH pPAa3BHTHA
ocanousoro GacceiiHa, a TakKe JJi ONPENe/eHHs CTpaTHrpaduueckux rpanum. [Ipumenu-
TEIbHO K KOHKPETHOMY OTPe3Ky ONHOrO paspesa KaxjJash H3 METOAHK H4€T CXOAHYIO
KapTHHY H3MEHEHHs] MHHEPAJbHOrO COCTaBa BO BPeMEHH (pHC. 3).
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