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THE MINERAL-FORMING ENVIRONMENT OF
”"MARMAROS DIAMONDS”

Abstract. Microscopic, thermo- and barometric studies of fluid inclusions demonstrated a rela-
tively complex nature of the mineral-forming environment of the ’Marmaros diamonds”. Infrared
spectroscopic investigations of the chloroform extract from inclusions revealed that the principal
components of mineral-forming fluids were aliphatic hydrocarbons, with other hydrocarbons pre-
sent in minor amounts. Gas analysis on a mass spectrometer showed that the main gaseous compo-
nent of the fluid was methane and sometimes hydrogen. The ’Marmaros diamonds’ crystallized
from a polyphase, heterogeneous environment. During crystallization both the pressure and com-
position of the fluid was subject to pronounced changes. The occurrences of the *’Marmaros dia-
monds”’ are evidence of migration of liquid and gaseous hydrocarbons in the Carpathian Flysch
rocks under dynamic conditions.

INTRODUCTION n

The “Marmaros diamonds”, also referred to as dragomites, are fine, euhedral,
generally transparent and colourless quartz crystals reported from many localities
in the Flysch Carpathians. Their classical occurrence is known from Marmaros.

In the Polish Carpathians they are fairly abundant, occurring in the area between
the Silesian Beskid Mts and the Bieszczady Mts, and in the Flysch of Podhale. They
have been mentioned by several Polish authors but have never been the object of
extensive studies. A comprehensive morphological study of the ‘“Marmaros dia-
monds”, together with some suggestions concerning their authigenic character, was
presented by Tokarski (1905) and Laszkiewicz (1960). They were also discussed to
a limited extent by Mastella and Koisar (1975), who associated their origin with
bituminization phenomena in the Podhale region. Abundant data on the morpholo-
gy of crystals, the nature of mineral-forming solutions, and the gas phase composi-
tion of inclusions in the “Marmaros diamonds” were provided by Ukrainian investi-
gators (Wozniak et al. 1974). Thermometric and cryometric studies (Koztowski
1982) revealed the presence of liquid methane and probably liquid nitrogen in the
inclusions.

This paper is an attempt to explain the genesis of the “Marmaros diamonds”
through the determination of variability of conditions and the nature of the mine-
ral-forming fluid.
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EXPERIMENTAL

Inclusions in quartz crystals were subjected to mic'rosco.plc.and ﬁuorescepc(ci
studies, using a Biolar FL microscope. Thermometric investigations _we;e garrlet
out in a thermal chamber designed by the authors. Pressures in the inc usuzlrés a
room temperature (19°C) were determined by means of a crqshmg stage of Roedder’s
design, and gases were liberated in the medium of castor oil. i "

After crushing, chloroform extract was made from quartzes containing su stan-
tial amounts of organic matter (asphaltite, semi-fluid and liquid hydrocarbons).
The concentrated extract was transferred in the form of film onto an NaCl plate,
and its infrared spectra were recorded with a Carl Zeiss IR-75 spectrometer between
4000 and 400 cm~!. The instrument settings used were: time constant 30 858, Sl 2,
amplification 6, recording time 11 min.

Table 1
Composition of gases contained in the inclusions of *’Marmaros diamonds” (vol. — %, H,O being
not taken into account)
Locality Konina* Pod Kircz' Pasternik Stream Y.apsze Nizne
ma
temp.
@
70 150 100 700 100 200 500 150 600

comp.

CH, 100 100 | 83.69 | 10.96 | 73.16 85.04 36.21 37.76 21.50
C,Hg¢ — — 7.66'|" 293 5.47 5.46 5812 2.08 15592
C;3Hs — — — 1.27 — — 217/ — 1295
CsHio — — 5.44| 0.88 3.78 6.89 2.47 — 3.91
C;He - = - = — — 1.95 — 6.11
CO; — — 3.31 | 83.95 2.34 2.61 16.77 3.20 32.93
H, s o2 = — — — 32.71 56.96 26.08
N, no no no no 14.34 — 1.70 no no

Ar no no no no 0.91 — 0.90 no no

|

* Samples clearly contain water, no — not determined.

The analysis of gases contained in fluid inclusions was carried out on an MI
1201 mass spectrometer (USSR) with a resolution of A” — 1000 and a sensitivity
m

with respect to argon of 10‘4.\‘101. 7 The gases were liberated from inclusions in
a vacuum apparatus made of sxllcz} glass, using thermal method (temperature ranges
in Tab. 1). This apparatus was an integral part of the proportioning system, enabling

one to introduce the liberated gases directly into the source of ions of the mass spec-
trometer. The results were corrected for air,

OCCURRENCE

. The “Marmaros diamonds”
in sgndstones and siltstones. less
ciation with calcite and a black
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are generally found in steeply inclined joint fissures
commonly in clay shales. They occur in close asso-
bituminous substance — asphaltite. The samples

studied were collected from the tectonic window of Mszana Dolna, where the Krosno
Beds and older beds outcrop from under the Inoceramian Cretaceous of the Ma-
gura nappe. Quartzes commonly appear in fissures filled with calcite and asphaltite
in the so-called black Cretaceous that makes up the bottom of the Inoceramian
Beds. Quartz occurrences are mainly confined to stream and river valleys.

The samples to be investigated were collected along the Konina and Koninka
streams (the Mszanka river basin), along the Pasternik stream (a tributary of the
river Raba), and on the Raba near the village of Pod Karczma. In all these localities,
the “Marmaros diamonds” were found in the middle parts of open, as a rule, fissures
that crosscut the sandstones and are filled with brownish or white calcite and unevenly
distributed asphaltite concentrations.

Quartz samples were also collected from the banks of the fapszanka stream
(the Dunajec river basin) near Lapsze Nizne on Spisz, where they usually occur in
asphaltite inserts in the bottom parts of sandstones, or as the filling of fissures in
spherosiderites.

In fissures with the walls covered with brownish or white calcite, quartz crystals
appear in the central parts and are readily separable from calcite druses. When the
rock is broken, the quartz crystals often fall out together with asphaltite platelets.
In larger asphaltite inserts or concentrations, quartz crystals are embedded in asphal-
tite, and their extraction requires the breaking of asphaltite substance. The “Marma-
ros diamonds” are sometimes ancountered in the loosened cores of small folds, in
which they also occur in association with calcite and asphaltite.

MORPHOLOGY OF CRYSTALS

The “Marmaros diamonds’’ are usually colourless and transparent. Partly milky
crystals are relativelly scarce. Occasionally completely or partly blackened grains are
found, their colour being due to numerous inclusions of asphaltite. Crystals vary
from 0.1 mm to sporadically 1.5 cm in size, averaging 2—3 mm.

The crystals appear in several combinations of forms: hexagonal prism (1010),
rhombohedra (1011) and (0111), and exceptionally, poorly developed trigonal pyra-
mids (/121) (Fig. 1; Phot. 1.). The crystal habit is fairly diversified, and crystals of
different habit have been found to occur side by side. Crystals showing a prismatic
habit with poorly developed rhombohedra are prevalent in fissures filled with calcite,
while in asphaltite concentrations more common are crystals with predominant
rhombohedron faces and poorly defined prism faces. Crystals with a pseudocubic
habit are also found, showing well-defined faces of the positive (/0/) rhombohe-
dron and poorly developed or no faces of the negative rhombohedron and hexago-
nal prism.

Fairly abundant are various crystal intergrowths, in which small isometric cry-
stals with well-defined rhombohedra faces usually grow on a larger crystal. The
most common are parallel intergrowths.

Etching showed the presence of left- and right-handed quartz crystals, as well
as Dauphiné twinnings (Matkowski 1961, fide Wozniak et al. 1974).

Fig. 1. The most common habits of the
,sMarmaros diamonds”




A typical feature of many crystals is subtle striation qf the prism faces yvhereas
the faces of rhombohedra are smooth. On very rare occasions, single flat, triangular
vicinal accessories can be observed on their surface.

FLUID INCLUSIONS

Inclusions are unevenly distributed in the quartzes stuc}ied. There are quartzes
containing numerous inclusions and ones altogether devoid of thgm. Th; SIZC.Of
inclusions varies over a wide range from pm to 0.n mm, the maximum size being
1 mm. Primary inclusions are generally large and irregular in shape. Their occurrence
is connected with the growth pyramids of rhombohedra (Phots 1—3), and they often
show flattening concordant with the crystal faces. Smaller inclusions are usua!ly
shaped like negative crystals (Phot. 9; Phot. 13), and their presence is often associa-
ted with the planes of rhombohedra (Phot. 4). b : _ ¢

The fillings of primary inclusions are varied and difficult to identify unequivo-
cally. Common are two-phase inclusions which at room temperature contain two
immiscible liquid phases (L, +L,, L;=1—10%) (Phot. 6; Phots 11, 12, 13), or very
similar liquid-gaseous (G+L,) or gaseous-liquid (L;+G) phases (Phots. 2,3;. Phot.
10). In the (L, +-L,) — type inclusions, the liquid phase .L‘ is a hydrocarbon dlsplay-'
ing light-blue fluorescence. Cryometric studies (Woimak et al. 1974, Koztowski
1982) have revealed that it is liquid methane, sometimes with an admixture of heayy
hydrocarbons. According to Koztowski (1982), the other liquid, L,, could be liquid
nitrogen. During the heating of the (L,+L,) inclusions, the difference between the
refractive indices of L, and L, decreases markedly. The rise in temperature causes
the meniscus of the liquid L, to shift towards L, (Phot. 12 a,b), and in the case being
discussed, homogenization into liquid phase (Phot. 12 ¢) takes place at 38.2°C. The

inference that it actually is a liquid phase is borne out by the fluorescence of the
content of the whole inclusion in the homogeneous state. During cooling, small
globules of the liquid L, are initially separated, subsequently merging with one
another to form a clearly distinct phase (Phot. 12 d). The homogenization tempera-
tures of the (L;+-L,) inclusions vary over a fairly wide range from room tempera-
ture (20°C) to about 75°C (Phot. 6), averaging 30—40°C. Some higher homogeni-
zation temperatures of inclusions of this type can be accounted for by the admixture
of heavy hydrocarbons in the L, phase. Monophase inclusions, liquid at room tem-
perature, from which the L, phase separates at 10—15°C, have also been assigned
to the (L,+L,) type. These inclusions are readily discernible in ultraviolet light as
they display dark-blue fluorescence of the same kind as the (L,+L,) inclusions in
the homogeneous state.

_ The inclusions discussed above show high susceptibility to decrepitation, so that
in many cases the homogeneous state cannot be reached.

Inclu51.ons of thp (L1+G, G+L,) type (Phots 2, 3; Phot. 10) contain a gaseous
phase besides the liquid h}fdrocarbon phase L;. Not a single value of homogeniza-
tion temperature was obtained for these inclusions as they decrepitated during heat-
ing and did not, as a rule, show any tendency to change the volume of the gas bub-
ble. Decrepltathn usually occurs at 40—60°C, exceptionally at about 200°C. The
lack of volumetric phase changes in inclusions of these types is hard to explain, and
it can only be presumed that the liquid L, present in the inclusions decrepitating
at higher temperatures consists of heavy hydrocarbons.
 The quartzes studied contain numerous, now liquid inclusions that decrepitated
3‘ thﬁ course of crystal growth, giving rise to a large number of submicroscopic
T%‘;Eet?rll'c;nc}USIOns (Phots. 5,7, 8) arranged in planes favoured by quattz cleavage.

usions are often characterized by the presence of unidentified, probably
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organic, phases in the form of translucent yellowish or pale brown-grey globules
(Phot. 7) and birefringent hairlike crystals (Phots 7, 8). The rise in temperature does
not cause the globules to dissolve, and only the hairlike crystals dissolve in organic
liquid. As the temperature increases, many of these inclusions decrepitate, this pro-
cess being promoted by the existence of small daughter inclusions on cicatrised fissu-
res in the closest surroundings.

Hydrocarbons present in the inclusions display light-blue fluorescence before
heating. After heating the inclusions to a temperature of 100—150°C and their
cooling, the liquid phase displays the same fluorescence while the translucent yello-
wish globules show pink-purple fluorescence. This testifies to irreversible changes
in chemical bonds in response to heating.

The described type of inclusions also comprises liquid inclusions probably filled
with aqueous solution, which fail to display any fluorescence but contain dark-brown
globules. These inclusions were also subject to decrepitation during crystal growth.

A different type is represented by scarce inclusions characterized by the presence
of aqueous solution (L;) and a gas bubble (G) surrounded by liquid organic sub-
stance (L;) (Phot. 14; Phots 15—19). These inclusions also contain fine opaque
phases considered to be asphaltite, and hairlike crystals sometimes appearing in the
liquid organic phase. The volume fraction of the latter is insignificant. The beha-
viour of inclusions of this type during heating is most characteristic and diversified.

At room temperature, the inclusion presented on Phots 15—17 contained the L,,
L; and G phases, as well as numerous birefringent hairlike (presumably organic)
crystals within the L; phase, and fine opaque phases of the asphaltite type. When
the inclusion was heated to 50—75°C, the hairlike crystals dissolved and did not
reappear even after cooling to 0°C. A further increase in temperature caused the
gas bubble to shrink until it became homogenized in the bituminous phase at 122°C.
After partial homogenization, the inclusion was slowly cooled. During cooling,
numerous tiny globules appeared in the L; phase (Phot. 17), resembling a solution
on the boil. The globules partly moved towards the walls of the vacuole, forming
flat round drops on its surface (Phot. 16). At the interface of L, and L, the intense
exchange of components took place, involving the movement of globules from L,
and L, towards the interface. On reaching the interface, the globules disappeared
and new ones formed, moving in the opposite direction. At 112°C a few small gas
bubbles appeared in the L; phase and rapidly merged into a single, larger one. At
about 70°C an additional gas bubble foimed from the globules moving from the
interface appeared in the L; phase. No further changes were observed after room
temperature was reached (Phot. 16). The vacuole walls were covered with drops
of a liquid immiscible with aqueous solution, and the additional gas bubble was still
present in the L, phase. Several-times repeated heating of the inclusion to the tem-
perature of homogenization of the gaseous phase only caused the disappearance
of the additional gas bubble. Neither the separation of droplets from aqueous solu-
tion nor the exchange at the interface was observed. The liquid drops deposited on
the vacuole walls remained there irrespective of temperature changes up to 195°C,
when the inclusion decrepitated.

The interpretation of the above phenomena presents considerable difficulties.
It seems that the L, phase is a liquid rich in higher hydrocarbons. The droplets sepa-
rating from the aqueous solution are undoubtedly a bituminous substance, which
is indicated by their fluorescence. At the interface of L, and L, the exchange can
have taken place between water vapour dissolved in the L, phase and dissolved
liquid hydrocarbons. Since these phenomena fail to recur, it can be inferred that

some irreversible changes have occurred, and a new stable equilibrium state has been
reached.



Slightly different behaviour was shown by the inclusion with similar phase rela-
tions to the one described above (Phots 18, 19). The inclusion in questxonocontamcd
a substantial concentration of opaque asphaltite substance (4). U.p to 62°C the gas
bubble diminished at the minimal increase of the L, phase. AF this temperature the
bituminous envelope L; of the G phase concentrated at one side of.the gas bubble,
the contacting surface being very small. As the temperature was raised, the bubble
began to shrink until it disappeared at 12626 Wh.l]C lhc Ly phase decreased in vo-
Jume by about 10%. At 110°C a new liquid phase, immiscible w1th aqueous solptnop,
appeared in the vicinity of asphaltite. At ]31°C a gas bubble, sllghlly.mcrcgsmg in
volume, appeared in the new-formed liquid phasc: It seems that the inclusion was
depressurized. As the temperature continued to rise, the gaseous phasp ccagcd to
expand and began to shrink again to about 200°C. The cooling of the inclusion to
room temperature only caused an increase in the volume of gaseous phase (Phot. 19).
Although the inclusion was heated several times up to 200°C, the only changes ob-
served were those in the volume of gasecous phase.

This behaviour has been accounted for in the following way. As the temperature
rises, the gas dissolves initially in the L, phase and then in the L, and L, phas.es.
During heating, lighter hydrocarbons separate from asphaltite substance, formu_xg
a new liquid L, phase that displays light-blue fluorescence. The further increase in
temperature causes the primary L, phase to be impoverished in volatile matter.
The reappearance of gaseous phase may be due to the merging of the inclusion with
a smaller one, rich in readily volatile matter, or else it may be assumed that the
gaseous phase has evolved from asphaltite. At this point the system attains a new
equilibrium  state.

Gas-liquid inclusions containing aqueous solution of low salt concentration
(Wozniak et al. 1974) and a gas bubble also occur sporadically in the “Marmaros
diamonds”.

To gain a better understanding of the nature of the mineral-forming environment,
the voluminal ratios of gases evolved from inclusions were determined (Tab. 1).
Althought the data presented are the averaged values for the whole populations of
inclusions decrepitating at temperatures given in Table 1, they show that the compo-
sition and voluminal ratios of gases contained in inclusions differ depending on the
place of occurrence of quartz. The most common gas in the inclusions is methane,
which is sometimes the only gaseous component. Ethane, propane and butane are
of minor importance. A feature deserving note is the high content (nearly 57%) of
hyqrogcn in the inclusions from Lapsze Nizne. CO, contents are similar in the
majority of samples studied. Nitrogen was detected in one sample only, and its
presence could substantiate Koztowski’s hypothesis (1982) concerning the occurrence
of liquid nitrogen phase in inclusions.

The presented vol.uminal ratios of gases in the inclusions studied differ somewhat
from the results obtained by Ukrainian investigators for two single inclusions (Woz-

niak et al. 1974): CH,4 (67.9%; 94.9%), CO (2.0%; 1.6%), N, (23.0%; 3.5%), H
(7.1%; 0.0%) and no H,, CO or Ar. - % 70 Na (23.0%; 3.5%), H;0

Table 1 also gives the
—700°C. Experiments wer
of a composition similar
It appears that from 500

analysps of gases evolved in the temperature range 500—
¢ carried out in the same apparatus on a mixture of gases
oto that of gases evolving from inclusions at 70—200°C.
: : C the components enter into reactions with each other,
makmg]thc analytical data unfclia}blc. The results obtained for higher temperatures
Zr:lz;zrox\: cyl :}::Luscf ul for a quantitative determination of hydrocarbons of higher mole-

Infrared absorptiqn spectra recorded for chlor
from quartz (Pasternik stream) have revealed that
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oform extracts (Fig. 2, Tab. 2)
both gaseous and heavy hydro-

Table 2
Interpretation of absorption bands in the IR spectrum of chloroform extract from
the ,,Marmaros diamons”

Wave number o hi
cm~1 Identification
36503100 v O—H of carboxylic acids or alcohols, phenols, v N—H
3050 v C—H,,, v C—H of alkenes
2900 Vas CH,
2850 v, CH,
2330 CO, from air
1700 v C=0 of carboxylic acids or ketones
1650 v C=0, vC=C of alkenes, 8§ N—H
1600 vCm=C,
1440 8, CH,, 8, CHjs
1360 6y CHj
1260—1000 v C—O of alcohols or acids, ethers, esters, v C—N
1125 v, C—0—C of ethers
920 8 O—H in dimers of carboxylic acids
690—750 6, CH,
720 s CH,

v — stretching vibrations, 8 — bending vibrations, @ — rocking vibrations, ar — aromatic compounds, as — asym-
metric vibrations, s — symmetric vibrations.

R EI  20 1 2  y F | e —Tm——— R [ 3 v 4 o v =

PR il A SNl el o s e e R Rt P G G U A T R il el ) e L e ]
4000 3000 2000 1000 400
WAVE NUMBER, cm™

Fig. 2. Infrared absorption spectrum of bituminous substance extracted from inclusions in the

"Marmaros diamonds” (Pasternik stream), recorded between 400 and 4000 cm~*
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carbons entered into the composition of the mineral-forming fluid. The results show
that the bulk of bituminous substance consists of aliphatic hydrocarbons with minor
amounts of aromatic compounds and presumably alkeneS,'carboxyhc acids, ethers
and esters. It should be noted, however, that not a!l organic matter was f:xtracted,
and a substantial amount of black crumbly asphaltite substance was left in quartz.
From the fact that a minimal rise in temperature already causes the decrepita-
tion of inclusions it can be inferred that high pressures preyalled milde the !nclu-
sions. After being extracted from rocks, some ‘“Marmaros diamonds” decrepitated
under the influence of heat radiated by the sun. j‘he same phenomeqon was obser-
ved when the crystals were picked under the microscope. The rise in temperature
caused by the luminous flux of the illuminator resu.]ted in the dqcrepltatlon of some
inclusions. The studies of crystals also point to earlier decrepitation, wl}eq the mc!u-
sions were still in the rock. These phenomena indicate that pressures inside the in-
clusions were of the order of 80 MPa. .
Pressures determined for inclusions at room temperature by means of a crushing
stage vary over a wide range from very low, less than 5 MPa, up to 99 .I.V[Pa. The
highest pressure values were obtained for inclusions from ktapsze Nizne (80—
—99 MPa). .
The calcites accompanying the “Marmaros diamonds” in fissures do not practi-
cally contain any whole inclusions. The structure of calcite and the respltmg.per-
fect cleavage are responsible for the escape of volatile matter from the inclusions,
so that only heavy hydrocarbons remain. Infrared absorption studies have revealed
a close similarity in the composition of hydrocarbons between quartz and calcite.

DISCUSSION

From the above studies of fluid inclusions in the ,,Marmaros diamonds’ it appears
that their mineral-forming environment was complex.

Several questions arise at this point: Were the mineral-forming solutions mono-
or polyphase in nature? In the latter case, were they or were they not at equilibrium?
What was the content of bitumens and aqueous solutions in the crystallization envi-
ronment?

The solubility of bituminous substances in aqueous solutions depends on the
concentration of salts dissolved in them (Price 1976). The cryoscopic studies of
inclusions containing aqueous solutions (Wozniak et al. 1974) have shown that their
salinity is very low. At low salinity, the solubility of hydrocarbons in aqueous solu-
tions is limited. Therefore, it is feasible that water was initially dissolved in bitumi-
nous fluid (from trace to a few per cent). This statement is substantiated by the
appearance of methane cryohydrate (Koztowski 1982) in inclusions that do not
contain water phase. The filling of inclusions and the composition of the gaseous
phase contained in them also indicate that water content was insignificant. It follows,
therefore, that the transport and crystallization of silica took place in a hydrocar-
bon fluid containing an insignificant amount of water.

.The filling of inclusions and phase relations, as well as their frequent heterogeneity
point to the polyphase nature of parent fluids. At one point or another, they coulci
have been monophase fluids (inclusions of the L, 4L, type), but generally they were
polyphase and, what is more, out of equilibrium due to varying pressures. The state-
ment that pressures during the crystallization of the “Marmaros diamonds”’ were
variable and that changes in pressure were quite sudden is borne out by the pressu-

res recorded now in the inclusions, varying over a wide range from 5 MPa to 99 MPa,

as well as by the decrepitated and cicatrised i i mm i
rised incl
crystals. usions occurring commonly in the
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Variations of pressure were also responsible for phase changes, reflected in vary-
ing phase relations in the inclusions. At elevated pressures, volatile matter (CH,—
—C4Hio, N;) was enclosed in the vacuoles in the liquid state, while at lower pressu-
res it could have entered into the composition of gaseous phase or into the solution
in heavy hydrocarbons. The mineral-forming fluids were most evidently polyphase
in the final stage of crystallization. This can be inferred from the substantial amounts
of asphaltite in the inclusions, occurring in the outermost parts of crystals and often
accompanied by liquid hydrocarbons and aqueous solutions. These inclusions are
usually contaminated by calcite dust. Since asphaltite is a residue after petroleum
(aged), its presence in the inclusions suggests the crystallization and the inflow of
fluid proceeded by stages.

The qualitative and quantitative, sometimes very pronounced, variation in the
ratio of gas components in the inclusions (Tab. 1) points to the local differences in
the composition of fluids.

Thermometric studies failed to yield precise data on the temperature conditions
prevailing during crystallization. Some evidence, indirect as it is, is provided by the
irreversible changes occurring in the filling of inclusions with the rise in temperature
(the change in the nature of bonds in bituminous substance, new stable phase equili-
bria, the separation of light hydrocarbons from asphaltite). Basing on these pheno-
mena, the upper temperature limit of mineral-forming processes can be determined,
with a good deal of probability at about 100°C. In the authors’ opinion, the opti-
mum temperature range for the crystallization of the ‘“Marmaros diamonds™ is
between 30° and 60°C. It is conceivable, however, that at times the temperatures
were much lower because if the expansion of gas components due to sudden drops
in pressure.

Both the composition of gases and less volatile organic phases in the inclusions
and the close association of the ”Marmaros diamonds” with asphaltites indicate
that they crystallized from fluids of the petroleum type, rich in light (gaseous) frac-
tions.

From the foregoing discussion it is evident that the “Marmaros diamonds”
crystallized under dynamic conditions. The places of their occurrence indicate the
migration routes of hydrocarbons, presumably during the intense tectonic processes
operating in the Carpathians, and can serve as an indicator of this migration or,
in many cases, as an indicator of the escape of hydrocarbons from the rocks.

Translated by Hanna Kisielewska
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Fukasz KARWOWSKI, Jerzy DORDA

SRODOWISKO MINERALOTWORCZE “DIAMENTOW
MARMAROSKICH”

Streszczenie

,,Diamenty marmaroskie” — to euhedralne, drobn;, na 0gdt przezroczyste
krysztaly kwarcu znane z terenu Karpat .Zewngt.rznych. Licznie wystepuja na terenie
Karpat polskich. Wystgpuja one gtownie w pnonowych szczelmaqh tnacych skaty
klastyczne, w cistej asocjacji z bitumicznym kalcytem 1 asfaltytami. ngsto k_warce
te sa ,,zawieszone” w soczewkach i skupieniach asfaltytowychl. InkluZJe'ﬂu}dal.ne
w nich wystgpujace sa wypelnione mieszankami wgglowodqrow przy mew1elk1rp
udziale wody. Badania faz cieklych jak i gazowych wskazuja, 2; ﬂu1d sktada si¢
gtéwnie z weglowodoréw alifatycznych i zasobny jest w skiadn}kl lotne (CH4f
—C,H,0, N,, H,). W trakcie krystalizacji kwarcu panowaly zmienne warunki ci-
$énieniowe w granicach od 5 do 99 MPa. Krystalizacja nastgpowata etapowo z naj-
czesciej heterogenicznego (polifazowego) fluidu. Autorzy sugeruja, ze zachodzita
ona w stosunkowo niskich temperaturach rzedu 30—60°C.

Krystalizacja ”diamentéw marmaroskich” mnastgpowata w warunkach dynamicz-
nych. Miejsca ich wystepowania sa drogami migracji weglowodoréw, prawdopo-
dobnie w trakcie intensywnego zaangazowania tektonicznego gorotworu karpackie-
go 1 moga shuzy¢ jako wskaznik tej migracji, a w wielu wypadkach jako wskaznik
ich ucieczki ze skat.

OBJASNIENIA FIGUR

Fig. 1. Najczeéciej spotykane pokroje ,,diamentéw marmaroskich”.

Fig. 2. Widmo absorpcyjne w podczerwieni substancji bitumicznej wyekstrahowanej z inkluzji
»diamentow marmaroskich™ znad potoku Pasternik, w przedziale czestosci drgan 400—
—4000 cm™*.

OBJASNIENIA FOTOGRAFII

Plansza T

Fot. 1. ;l}ozmiscgzczenie inkluzji fluidalnych w strefach wzrostu ssdiamentéw marmaroskich.’’
ow. 50 %

Fot. 2. Pierwotne inkluzje gazowo-ciekle (ciekly weglowodor i i
wzrostu romboedréow. Pow. 50 % . S S8 Bl i
Fot. 3. Powigkszony fragment fot. 2. Pow. 200 x%

Plansza 1T

Fot. 4. Ciekle i gazowo
160 x

Fot. 5. Wielofazowe,
romboedru

A—asfaltyt, B — inkluzje bitumiczne. Temp. dekrepitacji —59°C. Pow. 200 x

Fot. 6. inkfz;akldv;'ufazpwa' ciekta, réwnolegta do plaszczyzny stupa
1 — clekla faza bitumiczna, L, — niezidentyfikowana faza ciekla, T, — 75,4°C. Pow. 180 %

-ciekle (bitumiczne) inkluzje rozwinicte na plaszczyznie romboedru. Pow.

plaskie inkluzje utozone wzdtuz plaszczyzny 0001, schodkowo do plaszczyzny
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Fot

Fot.
Fot.

Fot.
Fot.

Fot.
Fot.

Fot.

Fot.

Fot.

Fot.
Fot.

Fot.

. 7. Bitumiczna inkluzja ciekla z okraglymi skupieniami prze$wiecajacymi szarobrunatno
oraz z drobnymi wlosowatymi dwéjtomnymi krysztalami (organicznymi). Inkluzja oto-
czona drobnymi inkluzjami potomnymi (daughter). Pow. 200 x

8. ?(i):)umicma ciekla inkluzja z wydzieleniem wlosowatych, dwojtomnych krysztatow. Pow.

X

9. Inkluzja ciekta lub gazowa o ksztalcie negatywnego krysztatu z drobnymi, okragltymi wy-

dzieleniami substancji organicznej. Pow. 240 x

Plansza III

10. Bitumiczna inkluzja gazowo-ciekla, $cianki wakuoli pokryte sa dwojtomna brunatng sub-
stancjg. Temp. dekrepitacji — 49°C, Pow. 200 x

11. Inkluzja dwufazowa — ciekla
L, — weglowodér ciekly (metan), L, — niezidentyfikowana ciecz. Inkluzja zdekrepitowala przed homoge-
nizacja w temp. 52°C. Pow. 300 x

12. Dwufazowa inkluzja ciekta w trakcie ogrzewania i chlodzenia
a — temp. 19°C, b — temp. 29°C, ¢ — temp. 38,2°C, d — 35,1—35,9°C. Pow. 160 x

13. Inkluzja ciekta dwufazowa homogenizujaca w temperaturze 31°C
L; — ciekly weglowodér, L, — niezidentyfikowana faza ciekla. Pow. 180

14. Pierwotna tréjfazowa inkluzja gazowo-ciekta. Temp. dekrepitacji —164°C przed osiagnie-
ciem stanu homogenicznego
L, — ciekly weglowodér, Ly — roztwér wodny, G — pecherzyk gazowy. Pow. 200 x

Plansza IV

15. Fragment inkluzji wielofazowej
G — pecherzyk gazowy, Ly — ciekly weglowodér, Ly — roztwér wodny. W cieklej fazie weglowodoru drob-
ne nieprzezroczyste ziarna (asfaltyt), T, fazy gazowej w fazie cieczy organicznej — 122°C. Pow. 160 x

16. Inne ujecie inkluzji (fot. 15) po ostudzeniu do temp. 19°C. W cieklej fazie organicznej
pojawit si¢ dodatkowy pecherzyk gazu. Z fazy roztworu wodnego wydzielily sie drobne
krople fazy weglowodorowej. Pow. 160 %

17. Inkluzja z fot. 15 i 16 w trakcie studzenia. W fazie roztworu wodnego wydzielaja si¢ drobne
kuleczki cieklej fazy, a w fazie L, pojawia si¢ drobny pecherzyk gazu. Pow. 160 x

18. Wielofazowa inkluzja gazowo-ciekia
L; — ciecz organiczna, G — pecherzyk gazowy, L3 — roztwér wodny, 4 — czarna substancja typu asfal-
tytu, T, pecherzyka w roztworze wodnym 126°C. Pow. 160 X

19. Po ochtodzeniu inkluzja z fot. 18

Jykaww KAPBOBCKH, Excu JOPJIA

MUMHEPAJIOOBPA3YIOIAS CPEJA "MAPMAPOIICKHX AJIMA3OB”

Pesrome

”’Mapmaporickye ajqmasbl’ 3TO 3BTefIpajibHbIe, MeJIKHe, OOBIMHO TPO3pavHbIe

KPHCTAJUTBI KBaplia, U3BECTHBIE Ha TeppuTopuy Bremmmx Kapmat. OHE MHOrOYH-
CJIEHHBI HAa TEPPUTOPUM MOJIbCKUX Kaprat. BeTpewaroTest TiIaBHBIM 00pa3oM B Bep-
THUKaJIbHBIX TPEIIMHAX CEKYLIMX 0OJIOMOYHBIE TIOPOJIbI, B TECHOW ACCONMANNHM C OHTY-
MMHO3HBIM KaJIbUUTOM U achanbTuramu. YacTo 3TH KBapIbl ~’3aBeIeHbl’” B achaib-
THTOBBIX JIMH3aX ¥ CKOIUIEHHsX. BCTpedyaromuecst B HAX (hIIIOUAATIbHbBIE BKIIOYCHHUS
BBINOJIHEHBI CMECBIO YIJIEBOAOPOLOB TPH HEOOIBIIMM yJYacTHH Bomabl. Mccnemo-
BaHMS KaK XHAOAKHAX, TAK M Fa30BbIX (ha3 yKa3bIBAIOT, YTO (hIIFOMI COCTOSI MPEeUMyIIle-

CTB!

CHHO U3 ann(baTmecxnx yraesoaopoaoB U Gorat OBLI JICTYYMMH KOMIIOHEHTAMH

(CH,—C,H,,, N,, H,). B xozme kpHucTajuIM3al{d KBapua FOCHOACTBOBAJIH IEpe-
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MEHHbIE YCIIOBHS C IABIIEHNEM B MpeAeiax oT 5 mo 99 MITa. KpHCTammaaqu npo-
XOJIJIA MO ITATIAM, Jallle BCEro M3 reTeporcHHOro (mosmudpazxoro) ¢uronna. ABTOPBL
I0JIAraloT, YTO OHA TPOHCXO/WIA B CPABHUTENLHO HU3KHX TeMIepaTypax mopsaka
()

30—1(6;)ngmn3aunx >’ MapMapOoIICKHIX a;Ma30B’’ IPOMCXOAWIA B OUHAMHYECKHX
ycioBusX. MecTa MX HAaXOXICHHS SBISIOTCA MyTAMH MHTPAIUH YIJIEBOAOPOIOB,
10-BHAMMOMY, B IPEJIeiaX HHTEHCUBHOIO TEKTOHNECKOTO BOBJICTCHMS KapraTcKkoro
FOPHOIO COOPYXEHHS, M MOTYT CILy)XHTb B KauecTBE MHIMKAaTOpa 9TOM MUTrpalvy,
a BO MHOTHX ClIydYasX B KauyecTBE MOKa3aTelld UX yTEUKH U3 MOPOM.

OBBSCHEHUS K ®UT'YPAM

®yur. 1. Hanbosee 9acTO BCTpedaeMble TaGUTYCHI “MapMapOIICKAX alMa30B’

®ur. 2. UK-CcnekTp IIOTJIONIEHAsT OUTYMHOTO BEINECTBA, 9KCTPAarMpOBaHHOIO W3 BKJTIOYEHUH
B ”’MapMapOIICKUX ajMa3ax’’, BCTPEYAIOIMUXCsl HaJ MOTOKoM IlacTepHMK, B MHTEpBaJIe
gactor konebanmit 400—4000 cm~?!

OBBSICHEHUS K ®OTOI'PAPUAM

Tabmma I

®oto 1. Pazmemenue GuroMmanbHBIX BKIIIOYEHMI B 30HAX POCTa ’MapMapoOIICKHX aiaMa3oB’’
Veen. 50 x

®oto 2. INepBuyHbIE ra30BO-KUIKIE BKIIOYCHMST (KMIKWMH YIIIEBOAOPOX - ra3), 06pa3oBaHHbIC
Ha KOHTAaKTe MUpaMui pocta pombo3apoB. Yeen. 50 X

®oto 3. Veemmuenne geraym dororpadum 2. Veer. 200 X

Tabmma IT

®oro 4. %l/(pulxne W Ta30BO-XHAKHE (OMTYMHBIE) BKIFOYCHNUS, PA3BUTHIC B IUIOCKOCTH pomM6o3apa
Best. 160 X

®oT0 5. MHOroa3HbIe IUIOCKAE BKIIOYEHHS, PACIONOKEHHBIE BAOND IIOCKOCTH 0001, crynen-
YaTO K IUIOCKOCTH pombGosmpa

A — achanbTur, B — OGUTYyMHBIE BKIIOYCHHAS, Temnepatypa nexpenutauun 59°C. Veem. 200 X
®oto 6. IByxasHoe KMIKOE BKIIOYEHNE, NapajuIeIbHOE K IUIOCKOCTH IPHU3MBL.
L, — xwnxas GutymHas dasza, L, — HeompeneaeHHas xuakas asza, 7x — 75,4°C. Veen. 180 x

®oro 7. BUTYMHOE JKHIKOE BKIIOYEHHE C IIPOCBEYMBAIOIIIMU Cepo-OypEIMU OKPYTIIBIME CKOMI-

JICHUAMM, A TaKXe C MEJIKHMH BOJIOCKOBATBIME JIBYITPEITOMIISIOITAME (opraunveckumm)

i A II(SDI/ICTaJIJ'laMP[. Binoyenne 06pamiIeHo TOHKAMMI AOYECPHUMH BKIIOYEHUSIMH. YBeir. 200X
OTO 8. bUTYMHOE XHIKOE BKIIIOYECHNE C BBIIEICHHEM BOJIOCKOBATE '

IX OBYIPEIOMIISIO -

cTrayuioB. YBea. 200 x A SR

@oto 9. JKunkoe (W Ta30BOe) BKIIOYCHHE B (hopme HeraTHBHOTO KpHCTana ¢ TOHKAMHA Kpyr-

JIBIMH. BBINCJICHUSIME OPIaHUYECKOTO BEIIECTBA. YBey. 240 X

Tabmmama II1

®oto 10. BUTyMHOE ra30B0-kHIKOE BKJIFOYEHHE, CTE!
fomum BeulecTBoM. Temneparypa nef(pe
®oro 11. [syxdasuoe KUOKOE BKIIIOYEHHE
Ly — xunxuit yriaesonopon (Meran), L, — meon
BaJIO no TOMOreHn3anmu B Temnepar i
Doro 12. JiByxdasHoe xmmkoe BKmol{gm:gesszngo
@ — Temnepatypa 19°C, b — 298G 38,2°

HKI BaKyOJIM TOKPHITEI GyPBIM JBYIIPETOMIIS-
maTan — 49°C. Vpen. 200 X

PENEIICHAOrO COCTAaBA JKHUAKOCTh. BKiroyenue nekpenurupo-
Veen. 300 x

LIECCE MOMOTPEBAHUS U OXJTAXACHUSL
C, d — 35,1—35,9°C. Vaen. 160 x
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doro 13. [IByxdha3Hoe KUOKOE BKIFOYEHHE C TOMOTEHM3ALMEN B Temnepatype 31°C
L; — xunkuit yrnesomopon, L, — kunkas da3a HeompeneseHHOro cocrasa. Vaen. 180 X

@oto 14. Tleppranoe TpexhaszHoe ra3oBo-KuIKoe Brirodenue. Temmepartypa nexpermarauuy 164°C
A0 I'OMOTEHHOTO COCTOSIHUS
L, — xupkuif yrnesonopon, L3 — BOAHBIA pacTBop, G — ra3oBmiif my3sipek. Vser. 200 x

Tabymmma IV

®oto 15. dparmMeHT MHOroha3HOro BKIIOYCHUA
G — ra3oBblit y3bIpeK, L; — XAOKUi yriaesonopon, Ly — BOIHBIA pactsop. B xunxoit hase yriesonopona
3aKJTIOYCHBI MEJIKHE HeNpo3payHble 3epHa (achansTut), TX razoBoil Gassl B ha3e OPraHMYECKON KAIKOCTH
—122°C. Vsen. 160 x

®oro 16. [dpyro# sun Brmoyenus (hoto 15) mocie oxmaxaerus no Temmepatypst 19°C. B sxun-
KO OpraHMYecKoi (ha3e mOsBIJICS HOUOJHUTELHBIA My3bIpek rasa. VI3 ¢a3sl BOAHOTO
pPacTBOpPA BBIACIWINCh MEMKE KaIUIM YTJIeBOAOPOOHOU (a3el. VBen. 160 X

®oto 17. Bxmoyenue u3 pororpadmit 15 1 16 B mpouecce oxsaxaenas. B Gase BOTHOrO pacTBOpa
BBIIEIIAKOTCS MEJIKUE IIAPUKH JKUAKOU (a3bl, a B haze L; mosABIseTcss TOHKAN ra30BbIit
my3bIpek. VBeir. 160 X

®oto 18. MHorodhazHoe razoBo-XHUIKOE BKITIOYECHHE
L, — opranmyeckas XuokacTb, G — ra3oBblif Imy3bipex, L3 — BOMHBI pacTBOp, A — 9epHOE BEIECTBO
Tuna achameTuTa. Ty Hy3bIpbKa B BOAHOM pacTeope 126°C. Veem. 160 X

®oto 19. Bxmroyenue u3 ¢ororpadum 18 mocne oxnmaxmeHus

EXPLANATIONS OF PLATES

Plate I

Phot. 1. The distribution of fluid inclusions in the growth zones of ’Marmaros diamonds’’. Magn.
0 X
Phot. 2. Primary gas-liquid inclusions (liquid hydrocarbon -+ gas) formed at the contact of growth
pyramids of rhombohedra. Magn. 50 x
Phot. 3. An enlarged fragment of phot. 2. Magn. 200 X

Plate IT
Phot. 4. Liquid and gas-liquid (bituminous) inclusions developed on the rhombohedron plane
Magn. 160 x
Phot. 5. Polyphase flat inclusions arranged along the 0001 plane, stepwise to the rhombohedron
plane

A — asphaltite, B — bituminous inclusions. Decrepitation temperature 59°C. Magn. 200 X

Phot. 6. Two-phase liquid inclusion, parallel to the prism plane
Ly — liquid bituminous phase, L, — unidentified liquid phase, T 75.4°C. Magn. 180 X

Phot. 7. Bituminous liquid inclusion with round, translucent grey-brown concentrations and fine,
birefringent hairlike (organic) crystals. The inclusion is surrounded by small daughter
inclusions. Magn. 200 X

Phot. 8. Bituminous liquid inclusion with birefringent hairlike crystals. Magn. 200 X

Phot. 9. Liquid or gas inclusion shaped like a negative crystal, with small round concentrations of
organic substance. Magn. 240 X

Plate IIT

Phot. 10. Bituminous gas-liquid inclusion. Vacuole walls are covered with biref.ingent brown sub-
stance. Decrepitation temp. 49°C. Magn. 200 X

Phot. 11. Two-phase liquid inclusion
L; — liquid hydrocarbon (methane), L, — unidentified liquid phase. The inclusion decrepitated at 52°C
before homogenization. Magn. 300 x

Phot. 12. Two-phase liquid inclusion during heating and cooling
a — 19°C, b — 29°C, ¢ — 38.2°C, d — 35.1—35.9°C. Magn. 160 X
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Phot. 13. Two-phase liquid inclusion homogenizing at 31°C
L, — unidentified liquid phase. Magn. 180 X

Ly — liquid hydrocarbon, n i ‘
Phot. 14. Primary three-phase gas-liquid inclusion. It decrepitated at 164°C before homogenization
L; — liquid hydrocarbon, L3 — aqueous solution, G — gas bubble. Magn. 200 X
Plate IV

Phot. 15. A fragment of polyphase inclusion
G — gas bubble, L; — liquid hydrocarbon, L3 — aqueous solution. Fine opaque grains (asphaltite) are

visible in the liquid hydrocarbon phase. T of gaseous phase in organic liquid phase — 122°C. Magn. 160 x
Phot. 16. A different view of the inclusion from phot. 15 after colling to 19°C. An additional gas
bubble appears in liquid organic phase. Small drops of hydrocarbon phase separate from
aqueous solution. Magn. 160 X
Phot. 17. Inclusion from phots 15 and 16 during colling. Droplets of liquid phase separate from
aqueous solution, and a small gas bubble appears in the L, phase. Magn. 160 X

Phot. 18. Polyphase gas-liquid inclusion
L, — organic liquid phase, G — gas bubble, Ls — aqueous solution, 4 — black substance of the asphal-

tite type. T of the gas bubble in aqueous solution — 126°C. Magn. 160 %
Phot. 19. Inclusion from Phot. 18 after cooling
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