
Annales Societatis Geologorum Poloniae (2015), vol. 85: 685–696. doi: http://dx.doi.org/10.14241/asgp.2014.009

EV I DENCE OF WILDFIRES DUR ING DE PO SI TION
OF THE UP PER SILESIAN KEUPER SUC CES SION,

SOUTH ERN PO LAND

Rafa³ KUBIK1, 2, Di eter UHL3 & Leszek MARYNOWSKI1

1 Fac ulty of Earth Sci ences, Uni ver sity of Silesia, Bêdziñska 60, 41-200 Sosnowiec, Po land; 
e-mail: marynows@wnoz.us.edu.pl

2 Wroc³aw Re search Cen tre EIT + Ltd., Stab³owicka 147, 54-066 Wroc³aw, Po land; e-mail: rafal.kubik@eitplus.pl
3 Senckenberg Forschungsinstitut und Naturmuseum Frank furt, Senckenberganlage 25, 60325 Frank furt am Main,

Ger many; e-mail: di eter.uhl@senckenberg.de

Kubik, R., Uhl, D. & Marynowski, L., 2015 (first published on-line in 2014). Ev i dence of wildfires dur ing de po si tion
of the Up per Silesian Keuper suc ces sion, south ern Po land. Annales Societatis Geologorum Poloniae, 85: 685–696.

Ab stract: Charcoals from the Up per Tri as sic ver te brate-bear ing clays of the Zawiercie area (Up per Silesia,
S-Po land) were an a lyz ed us ing petrographic meth ods, to re con struct burn ing tem per a tures as well as taphonomic
pro cesses. SEM and re flected light mi cros copy show ex cel lent pres er va tion of charcoals most prob a ble con nected
with early diagenetic permineralization by cal cite. The char coal was as signed to three morphotypes, prob a bly
cor re spond ing to three dif fer ent fos sil taxa. Fusinite reflectance data sug gest, that the high est tem per a ture reached
above 600 °C (fusinite reflectance of 3.59%), what coun ter parts to the lower limit crown fire tem per a ture. The
val ues for most of the sam ples are lower (ca. 1% to 2.5%) what is typ i cal for sur face fires. In many cases fusinite
reflectance val ues de pends on the mea sured zone within the sam ple. Such zonation formed due to char ring tem -
per a ture dif fer ences. In zones re mote from the po ten tial fire source, reflectance val ues grad u ally de creases. It
im plies that cal cu la tion of fire tem per a tures based on av er age fusinite reflectance val ues might be too far-reach ing
sim pli fi ca tion. Oc cur rence of fun gal hyphae within the char coal sup ports the in ter pre ta tion of a pre dom i na tion of
sur face fire, con sum ing dead twigs and stems.

The low con tent of mi cro-charcoals in char coal-bear ing rocks as well as rounded to sub-rounded shapes of
large spec i mens in di cates that they were trans ported af ter burn ing, de pos ited away from the burn ing area, and fi -
nally early diagenetic min er al iza tion.
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IN TRO DUC TION

Charcoals are fre quently used prox ies for palaeo-wild-
fires (Scott, 2000), oc cur ring of ten in both ter res trial and
ma rine sed i men tary rocks (e.g., Scott, 2010; Uhl and Kerp,
2003; Marynowski and Filipiak, 2007; Marynowski and
Simoneit, 2009; Shen et al., 2012), in clud ing deeper parts of 
shelf ba sin fa cies (Marynowski et al., 2010, 2012). They are 
fre quently used to re con struct the con cen tra tion of atmo-
spheric ox y gen dur ing the Phanerozoic (Chaloner, 1989;
Belch er and McElwain, 2008; Glasspool and Scott, 2010)
and wild fire type as well as burn ing tem per a ture (e.g. Jones
and Lim, 2000; Scott, 2000; 2010; Marynowski et al.,
2011a). While ev i dences of Lower to Mid dle Tri as sic wild-
fires are rather scarce (Abu Hamad et al., 2012 and ref er -
ences therein), with only a few un doubted re cords through
the Mid dle Tri as sic (Belch er and McElwain, 2008; Uhl et

al., 2010, 2014; Abu Hamad et al., 2012; see also Diessel,
2010), their doc u men ta tion in creased in the Up per Tri as sic.
The first re port about Up per Tri as sic charred flora from
South Wales was pre sented by Har ris (1958). More recen-
tly, Jones et al. (2002) de scribed Late Tri as sic, sub-rounded 
to rounded, up to 5 cm large charcoals from the Pet ri fied
For est Na tional Park in Ar i zona. Later, Zeigler et al. (2005)
re ported the co-oc cur rence of charcoals and ver te brate fos -
sils from the Up per Tri as sic de pos its of Snyder quarry
(Chinle Group), New Mex ico. Tan ner et al. (2006) char ac -
ter ized fusain re cord from Carnian to Norian Chinle and
Fundy Group of New Mex ico, USA as well as Nova Sco tia
and New Bruns wick, Can ada. The next re ports about wild-
fires ac tiv ity dur ing Up per Tri as sic based on char coal ev i -
dences ap peared in a last few years, are from Hägnach



quarry (up per Keuper), SW Ger many (Uhl and Montenari,
2011), Lipie Œl¹skie (Keuper), S Po land (Marynowski and
Simoneit, 2009), the Tri as sic–Ju ras sic bound ary, East
Green land (Belch er et al., 2010) and the Carnian of Jor dan
(Abu Ha- mad et al., 2014). All these data sug gest in creased 
wildfires ac tiv ity in the Late Tri as sic con nected with el e va -
tion of CO2 con cen tra tion and tem per a tures (Belch er et al.,
2010; Steinthorsdottir et al., 2011) and/or better pres er va -
tion of char coal re lated to cli mate hu mid ity (Abu Ha- mad
et al., 2012; see also Jones et al., 2002). Here, we pres ent
for the first time the oc cur rence of large, permineralized
charcoals from the Up per Tri as sic of Zawiercie area (Up per
Silesia, S Po land), their state of pres er va tion, taphonomy
and im pli ca tions con nected with tem per a tures of burn ing.

MA TE RI ALS AND METH ODS

Sam ples

About 50 large (above 2–3 cm in di am e ter) char coal
frag ments were col lected from two sites of the Zawiercie
area: Porêba (POR) and Zawiercie–Marciszów (ZAW)
(Fig. 1). Gen er ally, charcoals are usu ally rounded and have
a par ti cle size of less than 1 cm up to 10–15 cm in di am e ter.

They are permineralized by cal cite and much less by py rite,
marcasite, clay min er als and rarely bar ite. Eight char coal
sam ples, char ac ter ized by large size (Fig. 2) were cho sen
for the de tailed petrographic and geo chem i cal anal y sis. In
ad di tion five sam ples of sur round ing clays or mudstones and
con glom er ates were taken from Porêba site for char coal mi -
cro-re main es ti ma tion.

All char coal sam ples come from the Norian Patoka
Marly Mudstone–Sand stone Mem ber, which be longs to the
re cently re de fined Grabowa For ma tion (Szulc and Racki
2015; Szulc et al., 2015). The max i mal thick ness of the
Patoka Mem ber rea- ched 300 m and rep re sents fluvial and
pedogenic fa cies de scribed by Szulc et al. (2006). In ves ti -
gated charcoals co-oc curred with up per bone-bear ing level
(Lisowice ho ri zon), and are pres ent in all sites (Lipie
Œl¹skie – see Marynowski and Simoneit, 2009; Porêba and
Zawiercie Marciszów – this work) as large rounded and
permineralized frag ments pres ent di rectly in clays or within
car bon ate con cre tions. In con trast, charcoals are ab sent in
the lower bone brec cias (Kra- siejów ho ri zon). More de tails
about ge ol ogy and stra tig ra phy of the ver te brate-bear ing
mid dle Keuper mudstones and clays of Up per Silesia re gion 
can be found in Szulc et al. (2006, 2015), Szulc and Racki
(2015) and Konieczna et al. (2014).
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Fig. 1. Sim pli fied geo log i cal map of the Up per Silesian re gion (A) with lo ca tion of the Porêba and Zawiercie Marciszów sites, and
other im por tant Keuper lo cal i ties (see Szulc et al., 2015, fig. 1), and lo cation sketch of the out crops in the Porêba–Zawiercie area (B).



De min er al iza tion of rocks
and mi cro-charcoals count ing

Green clays (3 sam ples) and con glom er ates (2 sam ples) 
were col lected from the Porêba lo ca tion to count the con -
tents of mi cro-charcoals (e.g. Belch er et al., 2010). The host 
rocks were de min er al ized us ing hy dro chlo ric acid (48 hours)
and hy dro flu oric acid (48 hours). Re sid uum was washed with 
dis tilled wa ter and sieved through a sieve of 125 µm. The res -
i due on the sieve was dried. The num ber of mi cro-charcoals
was counted us ing a ste reo scopic mi cro scope.

Prep a ra tion of char coal for taphonomic anal y sis

From seven spec i mens of char coal which were permi-
neralized with car bon ate three ap prox i mately 2 mm thick,
ori ented slices were cut with a rock saw to ex hibit trans -
verse sur faces, ra dial lon gi tu di nal sur faces and tan gen tial
lon gi tu di nal sur faces. These slices were mounted on Stan -
dard SEM-stubs with LeitC (Plano GmbH, Wetzlar Ger -
many). To re move car bon ates, the sur faces to be ex am ined
by SEM were sub se quently etched with ace tic acid (25%)
for 10–15 min. Af ter re peated wash ing with wa ter and dry -
ing, sam ples were gold-coated and ex am ined with the aid of 
a JEOL JSM 6490 LV SEM (JEOL, To kyo, Ja pan; at 20 kV)
at the Senckenberg Forschungsinstitut und Naturmuseum
Frankfurt.

Ob ser va tion of char coal us ing scan ning elec tron
mi cros copy (SEM)

Scan ning elec tron mi cro scope (Phillips XL30 ESEM
model/TMP housed at Uni ver sity of Silesia, Sosnowiec) has 
been used for anal y sis of seven sam ples (six from Porêba
and one from Zawiercie). Pho to graphs made by us ing this
mi cro scope were per formed on sam ples of both com po si -
tion: in tact and pre-treated by hy dro chlo ric acid, which was
used to re move crys tals of cal cite that filled intercellular
spaces of tested char coal.

In ad di tion, four sam ples from Porêba were an a lyzed
with a Quanta 650 FEG mi cro scope, us ing 15 kV ten sion
and high vac uum, housed at Wroc³aw Re search Cen tre EIT
+ Ltd.

Re flected light and oil im mer sion mi cros copy

Mi cro scopic ex am i na tion of the sam ples in re flected
light and im mer sion oil in cluded five freshly pol ished char -
coal sam ples. Ran dom fusinite reflectance was mea sured
with an AXIOPLAN II mi cro scope us ing 156 nm light and
im mer sion oil of re frac tive in dex 1.546 at a to tal mag ni fi ca -
tion of 500x. The stan dards used were: 0.898, 1.42, 1.71 and 
3.02% reflectance (Ro). Reflectance mea sure ment was per -
formed on the sur face of char coal, free from scratches and
shiny points near the in ter sec tion of the cross.

De ter mi na tion of to tal or ganic car bon, to tal sul fur,
and the per cent age of car bon ates

Amounts of to tal car bon (TC) and to tal in or ganic car -
bon (TIC) were de ter mined by us ing an Eltra CS-500 IR-an -
a lyzer with TIC mod ule at the Fac ulty of Earth Sci ences,
Uni ver sity of Silesia. To tal or ganic car bon (TOC) was cal -
cu lated as the dif fer ence be tween TC and TIC. In fra red cell
de tec tor of CO2 gas has been used to mea sure the con tent of
TC and TIC, which was evolved by com bus tion un der an
ox y gen at mo sphere for TC, and was ob tained from re ac tion
with 10% hy dro chlo ric acid for TIC. Eltra stan dards were
used for the cal i bra tion. Cal cium car bon ate con tent was cal -
cu lated as CaCO3 = 8.333×TIC, as sum ing that all car bon ate
is pres ent as cal cite. An a lyt i cal pre ci sion and ac cu racy were 
better than ±2% for TC and ±3% for TIC. 

Ex trac tion and frac tion ation

Cleaned and pow dered sam ples were ex tracted in a
Soxhlet ap pa ra tus us ing di chloro methane:meth a nol (80:20)
as sol vent. Af ter the col lec tion of ex tracts, the extractable
or ganic mat ter (EOM) was sep a rated by TLC us ing pre-
washed plates coated with sil ica gel (Merck, Kieselgel 60
F254 10×20 cm). Prior to sep a ra tion, the TLC plates were
ac ti vated at 120 °C for 1 h. Plates were then loaded with the
di chloro methane sol u ble frac tion and de vel oped with
n-hex ane as a mo bile phase. The fol low ing frac tions were
col lected: Aliphatic (Rf 0.6–1.0), ar o matic (Rf 0.05–0.6),
and po lar (Rf 0.0–0.05).

WILDFIRES DUR ING DE PO SI TION OF THE UP PER SILESIAN KEUPER 687

Fig. 2. Mac ro scopic im ages of the typ i cal, large char coal (PORHC) from the Porêba site (A) and charcoals within the green ish clay (B).



RE SULTS

Char ac ter is tics of char coal us ing scan ning elec tron
mi cros copy (SEM)

Ob ser va tions of all char coal frag ments un der scan ning
elec tron mi cro scope showed their reg u lar cel lu lar struc ture,

best re vealed in the ex cel lently pre served PORHA and
ZAWHA sam ples. All woods ex hibit a homoxylic/pycno-
xylic struc ture and show ex cel lent pres er va tion of an a tom i cal 
de tails (e.g. Figs 3, 4). The char coal can be as signed to three
dif fer ent morphotypes (all be long ing to gym no sperms), pro-
bably cor re spond ing to three dif fer ent fos sil taxa. A de tailed
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Fig. 3. Cut and pol ished char coal (PORHA) from the Porêba site un der SEM. A. Wood filled with cal cite, ex hib it ing a tan gen tially ori -
ented zones of com pressed cells. B. Wood filled with cal cite, ex hib it ing tan gen tially ori ented zones of com pressed cells. C. Tra cheids
filled with cal cite in close up. D. Mix ture of empty tra cheids and tra cheids filled with cal cite and py rite. E. Zip per-like struc ture, cell lu -
mina filled with cal cite. F. Close up of tracheid cell filled with recrystalized py rite framboid.



tax o nomic anal y sis of the charred wood re mains is cur rently
in prep a ra tion and will be pub lished else where.

In some spec i mens (e.g., PORHA, PORHF) charred fun -
gal hyphae are pres ent within tra cheids (Fig. 5A, B), in di cat -
ing that bi o log i cally me di ated de cay of the wood started prior 
to char ring. Other spec i mens (e.g., PORHA, PORHB, PORHC,

PORHD) ex hibit check ing of cells walls (Fig. 5C, D), in di cat ing 
that the wood dried out prior to char ring (Jones, 1993).

Only a few spec i mens show ev i dences of com pac tion,
which most likely oc curred af ter de po si tion, but prior to early 
diagenetic permineralization. In one spec i mens (PORHF)
zones with com pacted cells (with bro ken cell walls) are more

WILDFIRES DUR ING DE PO SI TION OF THE UP PER SILESIAN KEUPER 689

Fig. 4. Bro ken sur faces of char coal (ZAWHA) from the Zawiercie area un der SEM. A. Wood in ra dial view show ing sev eral wood
rays. B. De tail of A. C. Wood ray in ra dial view. D. De tail of C show ing araucarioid/cupressoid cross-field pit ting. E. Tra cheids in tan gen -
tial view, partly filled with cal cite (Ca). F. Tra cheids in ra dial view ex hib it ing uni seri ate, con tig u ous pit ting, tra cheids partly filled with
cal cite (Ca).



or less tan gen tially ori ented (Figs 3A, B, 5E, F), whereas in
other spec i mens (e.g., PORHC, PORHE) zones with com -
pacted cells (with bro ken cell walls) are less reg u lar ori en -
tated (Figs 6C, D, 7). These zones show some in ter est ing
fea tures that may be rel e vant for the gen eral un der stand ing
of the me chan i cal break down of char coal. In some ar eas,
with mostly un dam aged cells zip per-like struc tures can be
ob served were just a sin gle row of cell walls has been bro -
ken (Figs 3E, 7E, F). Some times ad ja cent to al most un dis -
turbed ar eas are places with large nests or streaks (more or
less par al lel to wood cell files) of dam aged cells with bro -

ken cell walls oc cur next to streaks of more or less un dam -
aged wood (Fig. 7B). Large ar eas of to tally com pressed
cells (with bro ken cell walls) show dis tinct bor ders to these
ar eas (Figs 6C, 7A) and in some cases small nests of un dam -
aged cells can be seen in such ar eas which con sist oth er wise 
purely of cells with shat tered cell walls (Fig. 7C).

In a few places with oth er wise un dam aged cells, cracks
can be seen in cross-sec tions (Fig. 6A, B). Such cracks are
prob a bly the re sult of char ring of fresh, rel a tively wet wood
as in such ma te rial wa ter is ex pelled force fully in form of
wa ter va por due to high tem per a tures dur ing char ring (Sch-
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Fig. 5. Cut and etched char coal from the Porêba site un der SEM. A. Ray cells in ra dial view with charred fun gal hyphae (ar row)
(PORHA). B. Ray cells in ra dial view with charred fun gal hyphae (ar row) (PORHA). C. Checked tracheid walls in ra dial view (PORHC).
D. Checked tracheid walls and wood rays in tan gen tial view (PORHD). E. Cross-sec tion of char coal with tan gen tially ori en tated ar eas
with com pacted cells with bro ken cell walls (PORHF). F. De tail of E.



weingruber, 2001). Some ar eas with com pressed cells show
un bro ken, “wavy” cell walls (Fig. 5D) maybe in di cat ing
compression of slightly de cayed wood prior to char ring or
com pres sion of in com pletely charred wood.

The pres ence of framboidal py rite fill ing some of the
cells is con nected to the to tal sul fur re sults of these char-
coals (PORHA, PORHB). The di am e ters of framboidal py -
rites oc cur ring in these sam ples are larger than 5 µm, which
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Fig. 6. Cut and pol ished char coal from the Porêba and Zawiercie Marciszów sites in cross-sec tion (re flected light); A. Area ex hib it ing
cracks and a few bro ken cell walls (ar rows) (PORHC). B. Area with large crack (PORHC), ar rows shows com pac tion di rec tions. C. Close
up of bound ary (dot ted line) be tween an area with to tally com pacted/shat tered cells (left) and partly shat tered cells (right) (PORHC). D.
Area with shat tered cell walls, as well as wavy cell walls (PORHC). Ar rows shows com pac tion di rec tions. E. Tra cheids with very
homogenuous shapes, re sult ing in reg u lar cel lu lar struc ture (ZAWHA). F. Tra cheids with in homogenuous shapes, re sult ing in more ir reg -
u lar cel lu lar struc ture (ZAWHA).



in di cates that py rite is of early diagenetic or i gin (e.g. Wig-
nall and New ton, 1998).

Bulk geo chem i cal re sults

To tal or ganic car bon (TOC) val ues of the tested sam -
ples, sum ma rized in Ta ble 1, are char ac ter ized by low di ver -
sity, rang ing from 18.55% to 29.77%, with the low est value
of the sam ple from Zawiercie-Marciszów lo ca tion, which
may be caused by the par tial ox i da tion. Other sam ples show
lit tle dif fer ences in the con tent of TOC (21.17–29.77%).

The per cent age of car bon ates in charcoals (Ta ble 1) is
in a nar row range from 43.96% to 57.11% CaCO3 for the
Porêba ma te rial. The ex cep tion is the Zawiercie-Marciszów
sam ple, char ac ter ized by el e vated car bon ate con tent, reach -
ing above 77%. It ex plains a gen er ally lower TOC con cen -
tra tion of the men tioned sam ple.

The val ues of to tal sul phur (TS) os cil late be tween the
wide range of 0.16% to 9.44% and ex hibit no cor re la tion
with other data, such as TOC or the car bon ate con tent,
which in di cates a non-or ganic sul fur or i gin in char coal,
what should be ex pected in case of ter res trial OM. Pre sum -

692 R. KUBIK ET AL.

Fig. 7. Cut and etched char coal from the Porêba site in cross-sec tion (PORHE) un der SEM. A. Bound ary (dot ted line) be tween an area
with to tally com pacted/shat tered cells (left) and partly shat tered cells (right). B. De tail of A show ing ar eas with com pacted and un com -
pacted cells which are ori en tated more or less par al lel to cell-files. C. small ar eas of un com pacted cells within an area of com pacted cells.
D. De tailed view of the bound ary be tween an area with to tally com pacted/shat tered cells (left) and partly shat tered cells (right). E. Small ar -
eas of un com pacted cells within an area of com pacted cells show ing a zip per-like struc ture in the cen ter. F. De tail of zip per-like struc ture.



ably, the main source are the sulphides: py rite and marca-
site. In case of five sam ples – the value of the to tal sul fur is
very low (0.16%–1.33%), which may be re lated to their par -
tial ox i da tion (see Marynowski et al., 2011b) or less ex ten -
sive py rite min er al iza tion.

In all sam ples po lar frac tion dom i nates (Ta ble 1), what is 
more typ i cal of sam ples with lower ther mal mat u ra tion and is 
sur pris ing in case of charcoals. Pre sum ably, the ex tracts are
mix ture of pyrolytic com pounds and pri mary, much better
solved and non-burned wood. In fact, some char coal sec tions
char ac ter ized by mac ro scop i cally vis i ble par tially gelified,
jet-like struc ture, in ter preted here as non burned wood frag -
ments. The high est ob tained ex trac tion yields (high est EOM
– see Ta ble 1) are cor re late with low est aliphatic frac tion and
high est po lar frac tion con tent, what con firmed the as sump -
tion that greater part of the ex tract is de rived from the dis so -
lu tion of gelified, non-burned or ganic mat ter.

Fusinite reflectance

Ac cord ing to pre vi ous re ports (Jones and Lim, 2000;
Scott, 2000, 2010; see also O’Keefe et al., 2013) the fusinite 
(inertinite) reflectance val ues are strictly con nected with the 
pre sumed tem per a ture dur ing char ring, as is to some de gree
the mode of ho mog e ni za tion of the cell walls.

Al most the only maceral in the in ves ti gated char coal sam -
ples was ex cel lently pre served fusinite (and when reflectance
val ues were low – semifusinite). Some of the sam ples (POR-
HA, PORHB, PORHD), are char ac ter ized by lighter and dar-
ker zones, some place con nected with type of the sec tion (lon -
gi tu di nal or trans verse) with re spect to the cell walls (Ta ble 2).
In case of PORHA sam ple dif fer ences be tween reflectance of
light and dark zones are small, while in case of PORHB sam -
ple they are very sig nif i cant (Ta ble 2). Such ob ser va tion in
one sam ple sug gests, that tem per a ture in flu ences the in di vid -
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Ta ble 1

Bulk geo chem i cal data for charcoals from Zawiercie re gion

Sample
TIC
[%]

TC
[%]

TS
[%]

TOC
[%]

Carbonates
[%]

EOKM
mg/gTOC

Fractions

Al
[%]

Ar
[%]

Pol
[%]

PORHA 5.28 29.15 9.44 23.87 43.96 10.5 4 29 67

PORHB 6.07 27.24 9.33 21.17 50.6 2 26 23 51

PORHC 6.08 35.86 1.1 29.77 50.69 11.1 9 21 70

PORHD 6.85 32.23 1.33 25.38 57.11 0.9 27 22 51

PORHE 6.42 34.8 0.99 28.39 53.47 2.2 19 21 60

PORHF 5.54 32.25 0.16 26.71 46.16 4.5 10 25 65

PORHG 6.13 28.76 4.79 22.63 51.08 1.3 23 10 67

ZAWHA 9.27 27.82 0.59 18.55 77.24 1.1 25 17 58

TIC = to tal in or ganic car bon, TC = to tal car bon, TS = to tal sul fur, TOC = to tal or ganic car bon, EOM = extractable or ganic mat ter, Al = aliphatic frac tion,
Ar = ar o matic frac tion and Pol = po lar frac tion

Ta ble 2

Val ues of fusinite reflectance and their re la tion ship to tem per a ture of fire

Sample
Fusinite reflectance [%] Temperature (°C)*

Avg SD Min Max n Avg Min Max

PORHA 0.91 0.05 0.78 1.05 100 291 276 308

PORHA longitudinal (dark zone) 1.02 0.04 0.94 1.12 100 304 295 316

PORHA transverse (light zone) 1.48 0.15 1.03 1.76 100 359 306 392

PORHB 1.76 0.13 1.4 1.99 100 392 349 419

PORHB longitudinal (light zone) 3.59 0.43 3.74 4.51 100 608 625 716

PORHB longitudinal (dark zone) 1.34 0.22 0.68 1.63 100 342 264 376

PORHB transverse (light zone) 2.8 0.41 1.84 3.64 100 514 401 614

PORHB transverse (dark zone) 0.94 0.25 0.61 1.65 100 295 256 379

PORHC 1.62 0.31 0.77 2.3 101 375 275 455

PORHD transverse (dark zone) 0.98 0.09 0.79 1.22 100 300 277 328

PORHD longitudinal (light zone) 2.34 0.17 1.97 2.8 100 460 416 514

ZAWHA 1.8 0.33 0.95 2.48 100 396 296 477

Avg – av er age value, SD – stan dard de vi a tion, Min – min i mum value, Max – max i mum value, n – num ber of mea sure ments. * Cal cu la tion of com bus tion
tem per a ture (°C) = 184 + 118×X, where X is value of fusinite reflectance (based on Jones and Lim, 2000)



ual parts of the wood var ies significantly. Based on the re -
sults, it was found that the high est cal cu lated tem per a ture of 
char coal for ma tion are above 600°C, cor re spond ing to an
av er age reflectance of 3.59% (light zone of PORHB sam ple
in transversal sec tion – Ta ble 2), which may in di cate lower
limit tem per a ture of crown fires (e.g. Scott, 2000). The val -
ues for the other sam ples in di cate sur face fires, what is char -
ac ter is tic for tem per a tures of 300– 600°C (gen er ally 400°C) 
(Scott, 2000). 

Mi cro-charcoals oc cur rence in clays
and con glom er ates

The con tent of mi cro-charcoals counted un der the bin -
oc u lar af ter prior de min er al iza tion of clays and con glom er -
ates is pre sented in Ta ble 3.

The re sults show a rel a tively low level of mi cro-char -
coal abun dance in host-rocks. The high est value were ob -
tained for Clay3 sam ple, reach ing 19 mi cro-charcoals per
1g of the sam ple, which is af ter all a very low amount, com -
par ing the data ob tained from other char coal-bear ing sed i -
men tary rocks. For ex am ple, sand stones and claystones of
the Mid dle Ju ras sic of Ar gen tina, char ac ter ized by oc cur -
rence of mi cro-charcoals fluc tu ated from 207 to 4899 par ti -
cles per gram (ppg) of the rock (Marynowski et al., 2011a).
On the other hand, the amount of mi cro-charcoals strictly at
the Tri as sic–Ju ras sic bound ary in Green land reached 618
ppg (Belch er et al., 2010). How ever, in most of the sam ples
be low and above the Tri as sic–Ju ras sic bound ary the con -
cen tra tion of mi cro-charcoals were sim i lar or only slightly
higher than those counted in Porêba.

DIS CUS SION

Burn ing of the Tri as sic fuel
Mea sured fusinite reflectance val ues for char coal sam ples

are di verse (Ta ble 2). In many char coal sam ples fusinite
reflectance de pend on tested cross-sec tion and zone within one 
suf fi ciently large char coal sam ple. It sug gests that in the out -
er most zone di rectly ex posed to the fire, tem per a tures were
higher, what is re flected by el e vated val ues of fusinite ref-
lectance. In fields far ther away from the po ten tial source of
fire, reflectance val ues grad u ally de creas ing. Such ob ser va -
tions re duce the value of fusinite reflectance as an in di ca tor
of fire type. How ever, most of the mea sured tem per a tures are 

be tween 300 and 400°C, what cor re sponds, ac cord ing to the
clas si fi ca tion of Keiluweit et al., (2010), to the tran si tion char 
and first phase of amor phous char for ma tion. Be cause in
transition char all pre cur sor ma te ri als (lignin, cel lu lose and
hemicellulose) can still sur vive, in some parts of charcoals
we ob serve jet-like OM, formed by gelification of non-bur-
ned wood com po nents.

Taphonomy
Oc cur rence of fun gal hyphae within the char coal (Fig.

5A, B), as well as check ing of cell walls (Fig. 5C, D) sup -
ports the in ter pre ta tion of a sur face fire, con sum ing lit ter and
dead twigs and/or stems, as a po ten tial source of the char coal.

Of con sid er able in ter est are the com pac tion pat terns
that can be ob served in this ma te rial. These com pac tion pat -
terns prob a bly rep re sent parts of a time se ries of me chan i cal 
shat ter ing, which has been con served due to early diagene-
tic permineralization. The zip per-like struc tures de scribed
above (Figs 3E, 7E, F), prob a bly rep re sent the first stage in
this me chan i cal break down due to pres sure from over ly ing
sed i ment and com pac tion of sed i ments. Start ing from such
weak points shat ter ing of cell walls con tin ues prob a bly fol -
low ing weak zones par al lel (Fig. 7) or per pen dic u lar (Fig.
5E, F) to in di vid ual wood cell files. This shat ter ing ul tima-
tely leads to com pletely shat tered cell walls (Fig. 7A), but
dur ing in ter me di ate stages ar eas with un dam aged cell walls
can still oc cur next to more or less large ar eas with damaged 
cell walls (Fig. 7B–D).

These ob ser va tions and in ter pre ta tions may help to un -
der stand the pro cesses oc cur ring dur ing me chan i cal break -
down of char coal which com pli cates the an a tom i cal in ves ti -
ga tion of charred woods in many lo cal i ties (e.g. Uhl et al.,
2010, 2012a; Uhl and Montenari, 2011; Abu Hamad et al.,
2014). It also em pha sizes the sig nif i cance of early diagene-
tic permineralisation, e.g. by car bon ates, for the three-di-
mensional pres er va tion of char coal. As shown pre vi ously,
such charcoals may ex hibit ex cel lent an a tom i cal de tails un -
der the SEM (e.g., Uhl and Kerp, 2003; Uhl et al., 2012a, b)
in some cases even en abling a more or less spe cific de ter mi -
na tion of the charred woods (e.g. Uhl et al., 2012b). Our
data also in di cate that care ful etch ing of such perminerali-
zed spec i mens in situ (af ter cut ting the char coal still within
the sed i ment) may pro duce better re sults (larger char coal
frag ments that can be in ves ti gated by SEM) than bulk etch -
ing of sed i ment sam ples which con tain permineralized char -
coal (e.g. Uhl and Kerp, 2003). In the lat ter case partly com -
pacted char coal re mains will most cer tainly frag ment fur -
ther af ter com plete re moval of the permineralization agent
(in our case car bon ates) that holds to gether the dam aged
and un dam aged ar eas within a partly com pacted char coal
spec i men. To tally com pacted spec i mens may even frag ment 
com pletely, leav ing only iso lated re mains of cell walls (i.e.
tracheids), which would usually be regarded as mi cro-char-
coal after bulk-maceration of sediments.

Trans por ta tion and min er al iza tion of charcoals
Be cause of the rather low con cen tra tion of mi cro-

charcoals in green clays and very low or nil con cen tra tions
in con glom er ates (Ta ble 3), it is sug gested that rel a tively
fre quent large charcoals from the Up per Silesian Keuper
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Ta ble 3

The con tent of mi cro-charcoals in the host  rocks
from Porêba site

Sample
Number of micro-charcoals 

in 100 g of the sample
Micro-charcoals / 1 g

of the sample

Clay1 487 4.87

Clay2 994 9.94

Clay3 1882 18.82

Conglomerate 1 237 2.37

Conglomerate 2 0 0



suc ces sion are allochthonous and were trans ported from un -
known source area. In ad di tion, a small amount of mi cro-
charcoals im plies that wildfires were far from their deposi-
tional ba sin, and that large charcoals come a long dis tance
from their par ent source. The post-burn ing trans por ta tion of 
charred wood frag ments is con firmed by their rounded to
sub-rounded shapes. Af ter de po si tion they were min er al ized
by early diagenetic and/or less pos si ble hy dro ther mal pro -
cesses (Œrodoñ et al., 2014; see also S³owakiewicz, 2003).
The early diagenetic min er al iza tion pro vides a very good
state of pres er va tion, with out ev i dences of shat ter ing caused
by com pac tion (Jones, 1994) in most spec i mens in ves ti gated. 
The al ter na tive sce nario is trans por ta tion of large charcoals
af ter min er al iza tion, but it should be ex cluded be cause they
were de pos ited in fine-grained mudstones/clays where en -
ergy of trans por ta tion was low.

CON CLU SIONS

Up per Tri as sic charcoals from Zawiercie re gion are ex -
cel lently pre served and in di cate the vari a tions of the cell
struc ture and in ten sity of min er al iza tion.

Based on fusinite reflectance mea sure ments, it has been 
found that the high est tem per a ture for one Porêba sam ple
reached above 600°C, cor re spond ing to av er age reflectance
of 3.59%. Com pa ra ble to the lower limit tem per a ture of
crown fires. The val ues for the other sam ples cor re spond to
surface fires.

In many cases fusinite reflectance val ues are de pend ing
on the mea sured zone within one sam ple. We con clude that
such zonations formed due to tem per a ture dif fer ences dur -
ing char ring. In zones far ther away from the po ten tial fire
source, reflectance val ues grad u ally de crease. This ob ser va -
tion sug gests that us ing av er age fusinite reflectance val ues
for the cal cu la tion of tem per a tures could be too far-reaching 
simplification.

The in sig nif i cant con tent of mi cro-charcoals in green
clays and con glom er ates as well as rounded to sub-rounded
shapes of large charcoals in di cates that they were prob a bly
trans ported af ter burn ing, de pos ited in green clays and than
mineralized.
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