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IMPACT OF THE PERMIAN MAGMATIC ACTIVITY ON THE
THEEMAL MATURATION OF THE CARBONIFEROUS SEDIMENTS
IN THE OUTER VARISCAN OROGEN (SW POLAND)

Abstract: 1-D maturity modelling was applied to reconstruct themmal and burial history of the
estternal Wariscan orogen in the W Poland. The Carboniferous heat flow was laterally changeable,
but relatively high, particularly in the northern and eastern part of the studied area, compatible with
the model of a “hot”™ Varizscan orogeny. Palaeoburial, reconstructed from modelling, was wery high,
Thiz might be an artefact, caused by impact of the lower Permian wolcanic covers and related hot
fluids on the thenmal maturation of Carboniferous sediments.
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INTECDITCTION

In the 5% Poland, north of the Lower Odra fault zone, deep boreholes recognized the
sliciclastic Carbomferous sedments of significant thickness, present beneath the Mesozoic
and Permian sedimentary cover of the Polish Basin (PB). The Carboniferous succession in
this zone suffered Variscan deformation, and is regarded as the external part of the Varizscan
orogenic zone. During the early Permian the area was partially covered by up to few
hundred meters thick pile of wolcanic rocks, at least in its western part (a7 Pokorska 19277
=ince the Late Permian through Mesoroic the region become a W part of the PE. Two
separate uplift events in the early Cretaceous and the late-tnost Cretaceous to eatly
Paleogene, led to partial erosion of the Mesozoic sedimentary cover and development of the
individual unit of the FB in the studied area, referred to as Fore-Sudetic monocline.

Previous studies of thermal history of the Z5W Poland resulted with two models. The first
one suggested a high geothermal gradient during the Carbomferous, and a subsequent
systematic cooling throughout the Permian to Cenozoic (Majorowicz e al. 1984, Speczilk,
Eortowsk 1987, Poprawa gf @l 20023, The second model of Earnkowski (1999 pointed to
the presence of significant thermal event in the southern part of the studied area during the
Permian to Jurassic time. The recent study aims to quantify burial and thermal conditions,
leading to development of thermal maturity of the Carboniferous succession, as well as to
constrain time of the main heating event and mechanisms of heat transfer in the analysed
area. Particular emphasis 15 placed on possible impact of the Permian volcanic activity on
development of thermal maturity.
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APPLIED METHODS

Thermal maturity of the Carboniferous, Permian and Mesozoic successions was studied
tor more than 40 deep borehole sections from the outer part of the Variscan orogen (Fore-
sudetic monocline in terms of “Laramian”™ tectonic units). For each borehole at least several
satnples were analysed. Eeflectance of witrinite and vitrinite-like substance was measured on
polished slices in reflected light in o1l immersion with Axioscop microscope.

Fluid inclusion studies were performed with use of LINE AW TP22 stage with heating-
cooling HES 21 equipment. Ieasurements caltbrated by SynFlinc synthetic fluid inclusions
had accuracy of £0.2°C. Eecognition of primary inclusions and fluid salinity, gas types, and
tluid chemistry was based on criterta of Eoedder {1984, Eerkhof (1920} and Eoztowsk
(19847 At the present stage 13 samples from two boreholes (Siciny IG-1 and Marcinki 13-
1; Fig. 1) were analysed.

Modelling of thermal maturity and thermal history was performed for 15 well sections
{Fig. 1) with use of Sweeney and Burnham (1290} algorithm. Burial history was corrected
for decompaction according to model of Falvey and Middleton (19813 Thermal
conductivity and heat capacity for each type of lithology were adopted from published
values, based on awveraged results of laboratory measurements for ther equivalents
Constant temperature logs were used to constrain recent heat flow History of surface
temperature was mcluded in the modelling.
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Fig 1. Lateral distribution of the results of maturity modelling for the Outer Varizcan orogen: (A)
apparent heat flow at the stage of the mesdrum Variscan bural, and (B) apparent thiclness of
seditnents and/or volcanic rocks eroded during the Late Carboriferous andfor Early Permmian.

FLUID INCLUSION AMNATYSLS

Fluid inclusion analysis, conducted for wvem filling minerals in the Carboniferous
succession, allowed to distinguish two separate types of calcite and one type of anhydrite,
each with own temperature and chemical characteristics (Fig 2). The first type of calcite
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shows low homogemisation temperatures (+63 to +78%C; Fig 2). Presence of brines of
ZaCly (BB% of total dissolved salts) — IaCl (12% of tds=) chemical system, with enrichment
of Ca®* 1ons, and composition of gas dominated by CHy and C Oy, indicate that the solutions
were genetically related to the mized magmatic-formation water fluids.

The second type of calcite 15 characterised by high homogenisation temperatures (+324
to +374°C), Ca*t ions variable but still high (CaCly of 68-91% of total dizsolved zalts) and
subordmate contribution of MaCl, MgCly and ECL, wath CO; as gas dissolved 1n solution
(Fig. 2). Such characteristic strongly suggests the direct impact of magma on the fluids. The
anhydrite, yvounger in diagenetic sequence, originated from fluids connected with the
Zechstein evaporates of the higher up section
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Fig. 2 The main results of the fluid inclusion microthertmotmetty, £ e hommogenisation tetnperatures,
salinity and the tnain ion composition, obtained for minerals filling weins in the Carboniferous
SUCCESS101L.

MODELLIMNG OF THEEMAT AND BURIAT HISTORY

Eesults of the modelling indicates, that Carboniferous sediments in the SW Poland
attained their thermal maturity prior to the late Permian This 15 clearly shown by significant
difference in maturity development between the top of the Variscan succession and the
lower part of the Permian-Meszozoic one (Fig 3). The same conclusion 13 obwious from the
presence of unconformity between the maturity profiles of the upper Permian-Iezozoic and
the Carboniferous successions in the indiwidual well sections (Fig 4C) Only along the NE
margin of the Fore-Sudetic monocline it 15 difficult to exclude entirely possible impact of
the Mesozoiz burial and thermal regime on the maturity of Carboniferous succession On
the other hand, the maturity was achiewved after the Late Carboniferous tectonic deformation.
Thiz 1z evidenced by observation, that the maturity profiles are not dependent on tectonic
dipping or presence of thrust sheets.
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Thermal regime, reconstructed for the Late Carboniferous to Early Permian 1s
characterised by relatively high, howewer laterally changeable, heat flow, commonly ranging
between 100 and 150 mW/m® (Figs. 1A, 44), compatible with the results of Majorowicz ot
al (1984) and Specak, Eoztowski (1987). This indicates, that the model of “hot™ Variscan
orogeny could be extrapolated for the outer zone of the orogen. The only sections with the
well documented lower heat flow (60-80 mW/m?®) at that period of time are located in the
S part of the studied area (Paproc-29, Siciny 1G-1; Fig. 14).

Wery characteristic feature of the outer Variscan orogenic zone in %W Poland 1z a high
thickness of the eroded section, reconstructed from the maturity modelling (Figs. 1E, 4B).
In the here analysed cases it ranges between 2500 and 4000 m {(Fig. 1B). The above values
are incompatible with models of burial in the Carbomferous sedimentary basin. The higher
ones are also difficult to explain by the late Carboniferous tectonic burial
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Fig. 3. Simplified maps of thennal maturity at: (4) the level of Main Dolomite, Zechstein, Upper
Permian (after: Grotelr 1998, Kotarba 20000, and (B} the top of the Carboniferous or the Devonian.
The tnaps are based on data from a few hundred wells (A) and more than fifty wells (B).

Chatracteristic feature of the SE part of the analysed area iz a presence of relatively
broad, owal shape zones of significant postive anomalies of thermal maturity of the
Catboniferous sediments (Fig 3B). 5E part of the studied area iz characterized also by a
very high apparent palasoheat flow (Fig 14A) Eeconstructed thickness of the eroded section
1z lower, and more realistic, than further to the west (Fig. 1B). According to here preferred
interpretation, thermal regime of thizs zone at the stage of the late Carboniferous tectonic
burial was governed by emplacement of the large plutonic bodies in the lower part of crust,
keing northward equivalents of the granite massifs known from the Sudetes and their
toreland (Poprawa ef af. 20020 Such plutonic bodies are capable to elevate heat flow within
sedimentary cover abowe (Figo 5A) Effect of thermal doming combined with post-
collisional 1zostatic reaction ate responsible for uplift and erosion, leading to elevation of
the fossil maturity profile (Fig 5B

In the western part of the studied area heating during the late Carboniferous tectonic
burial was less prominent. Thiz iz indicated by lack of significant lateral maturity changes

258



and its lower walues, as well as by calculated palaecheat flow being lower than in the
eastern zone (Fig 14) Characteristic feature of the western zone 1z a presence of the lower
Permian wolcanic traps, few hundreds meters thick at most, which disappears towards the
east (e.g. Pokorsla 1997 In the western zone thickness of the eroded section calculated
from the maturity profiles reach suspiciously high values (Fig 1B

Ot the base of the above considerations we propose a model linking the presence of
volcanic traps with the maturation of the Carboniferous substratum. According to that
model, occurrence of relatively thick cower of wolcanics caused shift of the geotherm
towards higher temperatures with little of changes of the geothermal gradient Fossil profile
of thermal maturity, which developed at the stage of Late Carboniferous tectonic burial, was
replaced by a new one (Fig 5C). Impact of wvolcanism on thermal regime 13 documented by
fluid inclusion analysis, ie. high homogenisation temperatures and specific chemistry of
tluids and gases (Fig 2) Influence of migration of hot fluids on maturation of the
Carboniferous sediments 15 also capable to explain presence of significant local anomalies
of apparent palaec-heat flow or palacscburial (Fig 1), and appearance of sub-vertical
maturity profiles.
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Fig. 4. Feconstructed apparent heat flow histories (A), burial histories (B, and calibration of the
relevant thermal maturity models (C) for exemplary well sections fom the outer Variscan orogen.
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Subsequent uplift and erosion led to elevation of the fosszil maturity profile of the
Carboniferous succession, thereafter characterised by relatively high values if compare to its
burial history (Fig. 5D The Late Permian-Mesozoic burial and moderate heat flow (Fig
44 did not change the maturity of the Carboniferous sediments. As a result of the evelution
described abowve, any calculation of thickness of section eroded prior to the Late Permian
from the gradient of thermal maturity results with unrealistically high values (Fig 5E). Tt s

not certain if the Permian velcanics were originally present also i the eastern part of the
analysed area, and therefore if the described model 15 valid in that zone.
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Fig 5 A cattoon illustrating developrnent of thermal maturity of the Carboniferous succession in the
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traps, D — rmiddle to late Perrmdan uplift and erosion; E — late Pertntan to Wesozoic bural

CONCLITSIONS

The Late Carboniferous heat flow in the external zone of the Variscan orogen in the =W

Poland was laterally changeable, but relatively high (MMajorowicz ef af 2002; Speczil,
Eoztowskt 1987, compatible with the model of the “hot™ Variscan orogeny. Palaecburial,

reconstructed from modelling, was very high, patticularly in the western part of the studied
area. This might be an artefact, cavsed by inpact of Lower Permian wolcanic traps on the
thermal maturity of the Carbomferous succession beneath, as well as by migration of hot
fluids, related to the wolcanic activity.
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