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Abstract. Mud-sandy sediments assigned to the Bogucice sands (Miocene)
occurring near Wieliczka were taken as an illustrative case to demonstrate the use-
fulness of continuous X-ray analysis for determining the distribution of minerals
in sedimentary rocks. It has been found that the rocks studied are made up of quartz
and feldspars which are accompanied by subordinate illite, kaolinite and montmorillo-
nite, as well as carbonate minerals.

INTRODUCTION

The methods of preparing peels have been described extensively in the
literature. Peels were obtained mainly from various types of sedimentary
rocks (Dollar 1942, Easton 1942, Sternberg et al. 1942. Cuklin 1956, Bissell
1957, Hamblin 1962, Mc Crone 1963, Ashley 1973, Price 1975, and others).
Moreover, manifold techniques of preparing peels and casts from carbonate
rocks have been developed (Apple 1933, Buchler 1948, Lane 1962, Frank
1965, Katz et al. 1965, and others).

Bouma (1969) published a comprehensive compilation of the available
methods of preparing peels, which have very wide application in sedi-
mentological studies. The preparation of peels requires a specific approach,
depending on the type of rock and its lithological and sedimentological
features. The wide application of peels, which are a faithful image of the
rock, determined the author to use them for studying their mineralogical
composition by X-ray method, with the aid of a goniometer attachment
of his own design. Ostler et al. (1973) indicated the possibility of making
X-ray analyses on peels; however, these authors have never carried out
such studies themselves. Investigations of similar nature, involving X-ray-
ing of thin sections, were performed by Przybora (1966), Stanley et al.
(1967), and others. ;

X-ray semi-quantitative and quantitative analyses have been the sub-
ject of many publications. Yet, the investigations carried out to-date fo-
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sed mainly on the analyses of point samples (Bouma 1964, Schultz
?9124, Tatlocky1966, Hausen {973, Stokke et al. 1973, Kazi 1975).. There are
several factors making X-ray quantitative analysis of the mlneraloglpal
composition of rocks a complex problem. The major one is the. ab;orptlon
of X-rays by the sample (Alexander et al. 1943), but the grain size als_o
plays a significant role (Tatlock 1966). A problem of dl.fferent nature is
the method of intensity measurement. Kazi (1975) mentions among other
methods the following: measurement of the total height, half-height and
the corrected height of peaks (the method of triangle). In general, all those
methods involve measurements of the linear height or the area of a peak.

In the continuous X-ray analyses discussed in this paper the linear
method of measurement of the total reflection intensities was used.

EXPERIMENTAL
Sampling

The samples were taken using two methods: the point method and the
method of peels.

1. Point samples were taken from the upper part of the profile at inter-
vals of 25 cm over a length of 2 m. Each sample weighed 100 g.

2. Sampling by the method of peels was carried out over the same 2 m
length of the profile. The wall was smoothed first with a shovel and then
with a spatula (Bouma 1969) in such a way as to preserve its verticality.
After smoothing, the wall was dried with a blowtorch (the equipment used
for making peels is shown on Phot. 1) held at a distance of about 80 cm,
so that the temperature of the heated wall was about 50°C. When the
surface layer of the wall was dry, it was sprayed with an aqueous solution
of glue (diluted white emulsion paint) using a compressed-air spray-gun.
The glue was diluted with water in the ratio of 1:3. It has been found
that after 14 days of drying on the rock face it does not yield any diffrac-
tion lines in X-ray powder patterns, nor does it raise the background level
in the range of 0—18° CuK,. The wall was sprayed twice from a distance
of 50 cm, the air pressure being 2.5 at. After the wall was partly dried
with a blowtorch, a 7 cm wide bandage was placed against it and coated
with non-diluted glue using an ordinary paint brush in such a way that
the glue spread beyond the bandage. The operation of coating was repeated
twice (Phot. 2). The profile thus prepared was dried again with a blowtorch
and then the bandage was peeled off gently together with the thin layer
of rock stuck to it (Phot. 3). After shaking off the excess material, the strips
with peels were rolled up and transported in plastic bags to the laboratory.

Pireparaitl on o fsamipilic stfior W X€2rig vaiania livisiiis

The point samples were loosened in water and non-ground preparations
were made, coating a glass plate with a thin layer of the material. Another

series of samples was prepared by grinding the same material in an agate.

mortar. In both cases the same amount of the material (3 g) was used. The
samples thus obtained were subjected to conventional X-ray analysis.
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The peels were subjected to special treatment prior to the analyses.
Aﬁter mechanical smoothing of the surface, they were thinned in a hydra-
ulic press to about 0.7 mm. Then the peels were cut into 1 m segments and
glued together so as to form a closed endless series.

Equipment

' The analyses were carried out in a TUR-61 diffractometer, using Fe-
-filtered CuK(,_ radiation. A goniometer attachment of special design was
used for investigations of peels. It is made from plexiglass and metal and
consists of a base (Fig. 1) with two rollers, one of which is driven by an
electric motor (220 V, 50 Hz, 375 r.p.m.) through a system of toothed gears.
The other roller moves freely and has a spring guy of a force of 5kG
mounted on it to secure a steady tension of the strip with a peel. The
attachment is lined with the goniometer (Phot. 4), and the strip with a peel
is placed in it. The strip moves at a constant speed on the rollers and over
a special head, mounted where the standard sample holder should be, in
such a way that the side with the pressed rock material is always in the
same plane. The latter condition is extremely important; if it fails to be

satisfied, variations in the © angle, characteristic of the definite dp
reflections, will result.

Fig. 1. Diagram of the equipment and goniometer used for analyses
1 — strip with a peel, 2 — attachment for moving the peel, 3 — goniometer head, 4 — rollers
for moving the peel, 5 — system of toothed gears, 6 — electric motor, 7 — G—M counter, 8§ —
X-ray beam, 9 — X-ray tube, Arrows indicate the direction of tape feed
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X-ray analysis

X-ray analysis of point samples was carried out in the conventional
way. Instrument settings used were: slits 0.7/1.2, sensitivity 1, scanning
speed 1°/min., chart speed 600 mm/h. :

Two different procedures were adopted to analyse thg peels. One mv.ol_—
ved X-ray analysis with the strip stopped and the goniometer arm V\_/lth
a2 G-M counter moving. In this way, analyses were made at ¢1ght points
(I—VIII) of the peel, corresponding to the places of point sampling.

In the other procedure, the tape with a peel was moving while the
goniometer was immobilized. The G-M counter, mounted on the goniometer
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Fig. 3. X-ray diffraction pattern of Ca-
-montmorillonite mixed with some glue
used for making peels

Fig. 2. Changes in the intensity of

quartz reflection (dn = 4.26 A) for

the same section of the geological
profile

arm, was set to some reflections of the selected minerals, and variations
in their intensity along the geological profile studied were observed. The
intensity of the dnj; reflections of the following minerals was analysed:

Mineral dnki (A) © angle (Cuk )
dolomite 2.88 = 15.51
calcite 3.03 = 14.71
albite 3.18 = 14.01
microcline 3.23 = 13.78
quartz 4.26 = 10.42
kaolinite 3.57 = 12.45
illite/muscovite 5.03 = 8.80
Ca-montmorillonite 461 = 9.61

Moreover, X-ray diffraction analysis was made on Ca-montmorillonite
mixed with glue used for preparation of peels. It has been found (Fig. 2)
that the glue is mot incorporated in the interlayer spaces, so it does nof
produce any changes in the dyy; values of montmorillonite. It has been also

ascertained that the method of continuous intensity measurements yields

reproducible results (Fig. 3).
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Sediments studied

The mud-sandy sediments studied occur at Psia Gorka near Wieliczka,
transgressing the rocks of the Opole stage. They are assigned to the Bogu-
cice sands, the latter being a separate facies of the Grabowiec Formation
(Skoczylas-Ciszewska, Kolasa 1959). From the bottom upwards, the sedi-
ments in question are represented by a sand bed more than 5 m in thick-
ness, with claystone balls and disrupted clay laminae in its top part. The
upper part of the profile is made up of laternating mud and sand layers,
containing in places thin clay intercalations which are a barrier for ground
water. Under the clay intercalations goethite-limonite horizons have been
noted in the sands. The concentrations of iron minerals have a character
of ortstein. The upper part of the profile is about 2 m thick. It is overlain
by a 1.5 m loessial cover, which is presumably a source of iron for the ore
inserts. The grain size -of the mud-sandy rocks is similar throughout the
profile, the bulk of grains being 0.5—0.1 mm in diameter. The sands in
question owe their origin to the denudation of the Istebna Beds, the condi-
tions of their deposition being similar to those of flysch sedimentation
(Skoczylas-Ciszewska, Kolasa 1959).

RESULTS
Point analyses

X-ray point analyses (Fig. 4 A) were carried out on ground and non-
-ground samples, as well as at the corresponding points on the peel (Fig.
4 A, B, C). They have shown that the dominant component of the rocks
studied is quartz (dpx = 4.26, 3.34 A). It is accompanied by plagioclases,
albite (dn = 4.02, 3.85, 3.66, 3.50, 3.18, 3.14 A), orthoclase and microcline
(dne = 3.81, 3.46, 3.23, 2.87 A). Illite, kaolinite and Ca-montmorillonite
appear as subordinate minerals. It has been also found that dolomite and
calcite are present in the rocks under study, occurring in small and nearly
equal amounts.

The analyses of ground preparations have revealed a slightly increased
amount of clay minerals in samples III, IV, V, VI (Fig. 4 A), in which
a higher content of feldspars has also been noted. From observations of the
intensity of the basal feldspar reflections it appears that samples V, VI
and VIII contain the greatest amounts of those minerals. The content of
carbonates is similar in all the samples.

The analyses made on non-ground samples and at the corresponding
points on the peel (Fig. 4 B, C) yielded very similar results. Their X-ray
diffraction patterns show different proportions between the reflections of
respective minerals compared with those observed on the diffractograms
of ground samples (Fig. 4 A). The reflections of clay minerals (fine-grained)
are less pronounced whereas those of coarse-grained minerals (quartz, feld-
spars) have a higher intensity. It has been noticed at the same time that
changes in the reflection intensities of respective minerals recorded for the
peel and ground samples are very similar. A decrease in the intensity of
clay mineral reflections noted in the case of ground samples and peel ma-
terial is due in the first place to the grain-size distribution and the une-
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Fig. 4. X-ray diffraction patterns of point samples taken from the
profile studied
A — ground samples, B — non-ground samples, C — samples on the strip
with the peel; I—VIII — places of point sampling; K — kaolinite, I/M —
illite-muscovite, @ — quartz, Ab — albite, C — calcite, D — dolomite

venness of the sample surface. As a result of this, reflections with the dni
values higher than 8 A may fail to be recorded in the diffraction patterns
or, if recorded, are not proportional to the amount of mineral actually
_present in the sample. It apears therefore that non-uniform grain-size
distribution, as well as the orientation of minerals, affects the intensity of
respective reflections in ground and non-ground samples. Considering all
this, those reflections were used for continuous intensity measurements
which do not coincide with any other reflections and lie in the angle range
below 5,8° CuK,, i.e. which have the dy;; values less than about 7.5 A.

Continuous analyses

Experiments with the measurements of the reflection intensity of the
selec_ted minerals have shown that, the amount of minerals in the samples
studied being as it is, different instrumental parameters (slits) must be
used. Accordingly, slits 0.7/2.0, 0.9/2.2, 0.9/2.2, 0.9/2.2, 0.9/2.2 were used for
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Fig. 5. The geological profile and changes in the intensit
minerals
; 4 3 : 2 e e
D — dolomite, C — calcite, Ab — albite, Mk — microcline, Q quartz, ; :
illit‘e—muscovit,e, Mt — Ca-montmorillonite, B — background measured HEa.l the .reﬂectxod o
died; I—VIII — places of point sampling; 1 — coarse‘-gramed sand, 2 — fine-grained sand,
mudstone, 4 — claystone

y of reflections of the selected

K — kaolinite, I'M —
ns stu-

85



coarse-grained minerals (Q, Ab, Or, Mc); 1.0/2.2, 1.0/2.2 for medium-grai-
ned minerals (D, C), and slits 1.3/2.6 for fine-grained minerals (I/M, K, Mt).
In the latter case, the choice of slits was also determined by the small
amount of clay minerals.

It follows from the measurements that the mode of occurrence of clay
minerals (I/M, K, Mt) is similar throughout the profile (Fig. 5). This fact
has a direct relationship with the grain-size distribution and the sedi-
mentary parameters. Somewhat larger concentrations of those minerals
have been found in the top of the profile (below the contact with loess)
and in the section between points IV and VI. Calcite and dolomite show
a similar distribution; this, as well as their granular form, evidences that
they were deposited together with the clay minerals. The mode of occur-
rence of feldspars is slightly different from that of the above minerals, yet
similar within the group. As in the case of quartz, they alternate in places
with clay minerals. The intensities of feldspar reflections are very high
in some places, e.g. near points III and VIII, which is presumably due to
pyroclastic falls.

The intensity of quartz reflection (dnw = 4.26 A) varies over a wide
range, being usually inversely proportional to the intensity of clay mineral
reflections. In places, e.g. between points [—II and VII—VIII, all reflec-
tions of the minerals studied have been found to have low intensities. This
fact may suggest that other minerals, not embraced within the scope of
the present investigations, are present in those places. It is also feasible
that non-uniform density of the rock material on the peel, which reflects
the natural density of the rocks studied, affects to some extent the intensity
of reflections. . "

CONCLUSIONS

From the above investigations it appears that the method of continuous
measurements of the reflection intensity of selected minerals yields preli-
minary data concerning the distribution of minerals in the profile studied.
Sl_multaneously, these data serve as a basis for selecting the most intere-
sting places for point sampling. Although the reflection intensities recorded
using the conventional method are generally higher, which follows from
the facts that the samples are ground and not moved, the results obtained
are quite satisfactory. In general, the proportions between the reflection
intensities of samples analysed by point and continuous methods are pre-
served. It would be possible to expedite considerably the continuous ana-
lysis if several G—M counters were connected to several recorders. The
standard of efficiency would also be raised if the tape-recorder type of the
peel-strip feed were used.
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Maciej PAWLIKOW SKI

CIAGLA ANALIZA RENTGENOWSKA SKAL
PIASKOWO-MULKOWYCH

Streszczenie

Przedstawiono metodyke oraz przydatnos¢ ciaglej analizy rentgenow-
skiej do rozpoznania rozmieszczenia mineralow w profilu skat osadowych.
Badania przeprowadzono na przykladzie skat piaszczysto—mulkoyvych za_h—
czanych do piaskéw bogucickich (miocen) wystepujacych w okohcach.Wle—
liczki. Stwierdzono, ze badane skaty zbudowane sg glownie z l_iwarcu i skg—
leni ktorym towarzysza obecne w podrzednych ilosciach illit, muskowit,
kaolinit, montmorillonit a takze mineraly weglanowe.
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OBJASNIENIA FIGUR

Fig. 1. Schemat urzgdzenia i goniometru wykorzystywanego w badaniach i e
' 1 — piasek z profilem odrywanym, 2 — przystawka do przesuwania profilu odrywanego,
3 — glowica goniometru, 4 — rolki do przespwania profilu, 5 — system przekladni, 6 —
silnik elektryczny, 7 — licznik G—M, 8 — wiazka promieniowania rentgenowskiego, 9 —
Jlampa rentgenowska R

Flg 2. Wykres zmian intensywnoSci refleksu kwarcowego (dn = 4,26 A) dla tego sa-
mego odcinka profilu
i — intensywno$é

Fig. 3. Dyfraktogram rentgenowski montmorillonitu wapniowego wymieszanego z nie-
wielka ilo$cig kleju stosowanego do profili odrywanych

Fig. 4. Dyfraktogramy rentgenowskie probek punktowych z badanego profilu
A — probki ucierane, B — probki nieucierane, C — proébki na pasku z profilem odry-
wanym, I—VIII — miejsca oprobowania punktowego, K — kaolinit, I/M — illit/muskowit,
Q — kware, Ab — albit, C — kaleyt, D — dolomit

Fig. 5. Profil geologiczny oraz wykres zmian intensywno$ci reflekséw wytypowanych
mineratow ; :
D — dolomit, C — kalcyt, Ab — albit, Mk — mikroklin, Q — kwarc, K — kaolinit,
I/M — illit/muskowit, Mt — Ca-montmorillonit, B — tlo pomierzone w poblizu badanych
refleksébw, I—VIII — miejsca oprébowania punktowego, 1 — piaski gruboziarniste, 2 —
piaski drobnoziarniste, 3 — muty, 4 — ity

OBJASNIENIA FOTOGRAFII

Fot. 1. Przedmioty stosowane przy preparowaniu profili odrywanych

Fot. 2. Wykonywanie profilu odrywanego o dlugoéci 2 m ‘

Fot. 3. Material skalny na fragmencie profilu odrywanego !
Fot. 4. Goniometr wraz z lampg rentgenowska, licznikiem G—M oraz przystawkg du

przesuwania profili odrywanych

Mayei TABJIHKOBCKH

BECIPEPBIBHBIM PEHTTEHOBCKHW AHAJIM3
WIIUCTO-MTECYAHHBIX MOPOL

Pesome

B paGote npescrasjiensr MeTox W npHrOLHOCTD GecrnpepbIBHONO peHTre-
HOBCKOTO aHa/nu3a NpU NCCIENOBAHUAX PAa3MEUIeHHsI MHHEPAJIoB B npoduse
ocajounslx nopon. Mcenenopanus npoBoHINCH HA TIPHMEPE HIHCTO-TICCY A H-
HEIX TIOPOL, KOTOPLIE MPUUHMCISAIOTCS K GOTYUMIKIM MecKaM (MHOILeH), 3aJe-
raioulim B paione Bemnuku. IToareepix/ieHo, uto ucceienyembie TIOPOJLEI CJIO-
KEHbl IIaBHBIM 00PasoM KBAapLOM M IOJEBHIMH IINaTAMH, KOTOPBIM COMYT-
CTBYIOT BO BTOPOCTENEHHOM KOJHYECTBE MJLTUT, MYCKOBHT, KAOJHHUT, MOHT-
MODHJ/IJIOHAT ¥ KapGoHATHBIE MHUHEpaJIbl.

OBDACHEHUS K GPUTYPAM

®ur. 1: Cxema npu6opa u ronnomerpa, KOTOPBIH MCTO/NB30BACS B HCCACLOBAHHAK
I — 7nenTa co cpuiBaeMbiM npoduie,

2 — mpucnocoGaepne K NEPEMECILEHHIO CPBHIBACMOTO MpPO-
duns, 3 — ronoska roumomerpa, 4 —

POJIMKH JI/Is nIepeMEeLeHusa npoduis, 5 — cHerema nepe-

8

Our. 2.

Gur. 3.

$ur. 4.

Dur. 5.

Domyals
PDoz: 2!
dor. 3.
Dor. 4.

Aad, 6 — 5NeKTPHYECKHH ABUraTC/b, 7 — CUBTUHK Teiirepa-Mionaepa, 8 — nyuok PEHTTeHOB-
CKHX Jiyuel, 9 — peHTreHoBCcKas Jammna
I'paduk nepemen uirencuBHoCTH KBAPIOBOro peduekca (dp = 4,26 A) nas toro xe

yuacTka npoduis
% — WHTEHCHBHOCTL

Penrrenosckas llH(t)paKTOFpaMMil KaJIbIIHEBOTO MOHTMOPHJIJIOHUT A nepemMenraHHoro
¢ HeGOMBIIUM KOJTHYECTBOM KiJiesl, KOTOprﬁ HCIIOJIB3YETCs B CPbIBAEMbIX ]’IpO(bH.’IﬂX

PentrenoBekue uppakTorpamMmbl MyHKTOBLIX 06pasios H3ydaemoro npoduis

A — nporépreie 06pasupl, B — HenpoTépThie o6pasuel, C — o6pasupl Ha JEHTE CO CPHIBACMbIM
npoduiaem, /—VIIi — mecra or6opa nyHKTOBHIX 06pasios, K — KaoJauHuT, I/M — uaaut/mycko-
BHT, Q — KBapl, Ab — aap6ur, C — Kaabuur, D — JLOJIOMHUT

I'eostornueckux npoduap 1 rpaduk H3MeHeHHil WHTEHCHBHOCTH pedaeKkcoB mas u3-
GpaHHbIX MHHEpPAaI0B

D — noaomur, C — kanpuur, Ab — anpb6ur, MKk — MHKPOKJIHH, Q — KBapl, K — Kaoauuur,
I/M — MANHT/MOHTMOPHJINOHHT, Mt — Ca-MOHTMOPHNIONHT, B — ¢oH usMepenubift BOIU3M
nsyyaembix pedaexcos, I—VIII — mecta or6opa MyHKTOBbLIX 06pasioB

I — KpPYMHO3EPHHCTHIE MECKH, 2 — MeJKO3EPHHCThbIE MECKH, 3 — ML, 4 — TAHHBI

OBBACHEHHA K POTOTPAPHUIM

ITpeaMeTbl, KOTOPBIMH I0JIb30BAHCH NPH MPENapHpOBAHUN CPBIBAEMBIX TPOdHIIC
Hsroropsienne cpeiBaeMoro npoduist AJAHHOK 2 M

dororpaus ckanbHOrO0 MaTepHaia Ha YacTu CpbIBAEMOrO NMpodust

dotorpaua ronnomMerpa ¢ PEHTTEHOBCKOH JaMmoi, cuérunkoM [Ieiirepa-Mionnepa
H npucnocobienyieM K mepeMelleHHio cpbiBaeMblX npoduiiei
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Phot. 1. Equipment used for preparation of peels

Maciej PAWLIKOWSKI — Continuous X-ray analysis of mud-sandy rocks
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Phot. 3. Rock material cn a fragment of the reel

Phot. 4. Goniometer with an X-ray tube, G—M counter and an attachment for moving
the peels

Maciej PAWLIKOWSKI — Continuous X-ray analysis of mud-sandy rocks



