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(A) Excavation of the fossiliferous,

microbivalve horizon in the middle part &
the Owadow-Brzezinki quarry, (B) #
Limestone slab with mass-accumulation §
of microbivalves and well-preserved
limuline horseshoe crab, (C) Abundant
representatives of microbivalves.




Lobster-like dec

Comparison between extinct and extant crustaceans sheds new light
on several aspects of the evolution of fossil decapods and brings us
closer to explanation of the origin of modern decapod crustaceans.



I

il

il

ophthalmosaurid ichthyosaur



Fossil Limulus darwiniiandexiaimimulines:

Limulus polyphemus Limulus darwini
(recent) (Late Jurassic)

Prosoma

Opisthosoma

Telson
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Biostratigraphy of the Owadéw-Brzezinki
section (after Matyja & Wierzbowski , 2016)
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Unit IV
(serpulite)

Lithology, &'3C and &0
values of bulk carbonates
from the Owadoéw-Brzezinki
section.

k

Unit 111
(micritic, Corbulomina limestones)

CKIsh Waters

limestones

0180 versus O13C values of

Unit Il
(micritic
limestones)

Stawno

bulk carbonates from the
Owadow-Brzezinki  section.
Correlation (r’=0.52) between
o180 and &13C values is

Unit |
(massive, chalky limestones)

—8—5"C [% VPDB]
—05°0 [%o VPDB]

A 5°C[% VPDB]
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(somewhere at the base)
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Unit IV

F5 Hard ground Il

T==9 Hard ground |

./

Unit Il

Formation

Unit Il

Kcynia
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Lithology, Ca, Al, Zr concentrations, and P/Al, U/Th, V/Cr ratios of bulk

carbonates from the Owadow-Brzezinki section.
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Coastal setting

Unit IV
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Chemical and isotope data of oyster (Deltol =l
Owadoéw-Brzezinki section (after Wier y

Sample Unit/ bed Fe Mn Sr 51C 5180 ,
(ppm) | (ppm) | (ppm) | (%0 VPDB) | (%0 VPDB)
SHW119 | Unit Il/ beds D4-D10 <100 14 556 1.85 0.47 b
SHW132 Unitl/ca. 2.0 m <100 15 511 2.33 -0.16
above the base
SHW108 Unitl/ca. 1.0 m <100 16 469 1.80 -0.05
above the base
SHW124 Unitl/ca. 1.0 m <100 12 464 2.24 0.07
above the base
SHW125 | Patuki Formation/ ca. 215 13 656 0.94 0.49
0.25 m below the top
SHW126 | Patuki Formation / ca. <100 29 609 0.68 0.32
0.25 m below the top
SHW118 | Patuki Formation / ca. 137 28 612 0.61 0.46
0.5 m below the top
SHW110 Patuki Formation/ 112 26 499 2.05 -0.45
oyster layer

Well-preserved oyster shells are characterized by dull to medium
cathodoluminescence, low Mn, Fe and high Sr concentrations (Mn < 100 ppm, Fe
< 250 ppm, and Sr > 490 ppm; Wierzbowski et al. 2016)

8180 values of well-preserved bulk oyster shells vary between -0.5 and 0.5%o
(mean 0.1%0) VPDB (Wierzbowski et al. 2016)



'Palaegeography of the mid-
T %lish:. basin allowed fauna
U Lmigrations e.g. some ammonite
owliow | lgenera as Virgatopavlovia are
il ‘.common with southern England,
- U ‘whereas others as Zaraiskites
P N and Virgatites are forms typical of
the Russian Platform

- Berlin
L]

*Prague

Solenhofen

Vienna oﬂ

‘®Munich

Palaeogeography of Europe in the latest Jurassic (~148 My)

- Tethyan basins

potential migration pathways
of marine faunas




Global surface seawater 6'80 v1.21

Aean annual 880 values of
_de sUgface seawater
.- ‘Rohling, 2013)

Mean annual 80 values of

Cretaceous surface sea-
water (a K-Bathy model of
Zhou et al. 2008)

880 of surface seawater (%o)
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Mean temperatures at sea surface in the Late Jurassic (a palaeoclimatic model
of Sellwood & Valdes, 2008; white star — Owadéw-Brzezinki site)
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Fish teeth
(Caturus sp.)







A %

Oyster shell (specimen M2a; D. delta) sampled in aligamental area (at ca.
0.5 mm intervals) for O and C |sotopes using a MicroMill device

Oyster shell (specimen M4b; D. delta) sampled in aligamental area (at ca.
0.5 mm intervals) for O and C isotopes, using a MicroMill device
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Ontogenetic 80 and &!°C profiles from ligamental areas of oyster shells and
correlations between isotope values. Absolute temperatures are calculated from
palaeotemperature equations assuming 880, .ier = -1%0 VSMOW.
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Analytical spot in the growth direction
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680 and &'3C
transverse section
the ligamental

values of
throughout
area of oyster
shells (D. delta). Absolute
temperatures are calculated
using Anderson & Arthur (1983)
and Kim & O’Neil (1997)
equations and an asumption of
6180 = -1%0 VSMOW.

seawater —

Range of 80 of bulk oyster
shells (data published in
Wierzbowski et al. 2016)




9

Transmitted light and hot cathodoluminescene images of a fish tooth (sample B;

Caturus sp.; fossiliferous beds — D13, D14, unit 1ll)
A %\ N

1 mm

Transmitted light and hot cathodoluminescene images of an ichthyosaur tooth
(sample I1; C. kielanae; a base of the Unit I)
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@ Fossil Dentine
W Fossil Enamel
O Modern Enamel

Ce U Nd Rb Be B AlMnFe Si BaCu F Sr K Mg Cl Na

Element Analyzed e,
N\ /UTOX /

Concentrations of selected elements Ry "
in well-preserved and altered a
mammal teeth (after Kohn et al. 1999)

\

Fe and S concentartions in studied
ichthyosaur and  fish  teeth
measured using electron
microprobe (CAMECA  SX100).
Enamel(oid) of both groups of

teeth shows relatively low contents Calaelh el
of Fe and S, which are incor- ' kil
porated during diagenetic

processes.

Fe [wt.%]



Measured 180/160 ratlo WS callbrated to Durango 3 (6180 Q. 8%0 VSMOW) S. E
of spot measurements was 0.1 to 0.3%.. S.D. of analyses of the Durango 3 was
0.23%0 (n = 26), and 0.17%. (n = 34) for fish and ichthyosaur tooth sessions,
respectively.

11 R

B/ sampling

C / >
i .
14
/ .
2
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£
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' :

‘ . . .. | ‘ t
Reflected light image of 2 ichthyosaur (C. kielanae; 11, I12) and 7 Caturus fish teeth

(A, B, C, D, E, F, G) analysed for &0 values (at ca. 0.1 mm intervals) using a
SHRIMP Ile/MC ion microprobe. Sampled spots are visible. Scale bars are 1 mm.




Respiratory enrichment of 820 value of body fluids (noted in water reptiles and

mammals)

« Small crocodilians - &0 value of body fluids similar to that of ambient
water (Amiot et al. 2007)

« Larger crocodlians — 880 value of body fluids higher by 1.3 to 2%. than that
of ambient water (Amiot et al. 2007)

* Freshwater turtles — 8180 value of body fluids higher by ca. 3.7%. than that of
ambient water (Amiot et al. 2007)

« Modern marine mammals show some viariability in 880 value of body fluids
(A Oy 00d-water @Mounts to ca. 0 %o, 0.9 %0 and 1.8%o for pinnipeds, sea otters
and cetaceans, respectively (Clementz and Koch, 2001)

Water T°C G2 0ocean= 0%o)
S el A Comparison of &80 values of
A N CENECENN t0oth enamel(oid) of coexisting
fish and ichthyosaurs (assuming a
small metabolic effect) suggest
that these reptiles were
endothermic and maintain the
constant body temperatures of ca.
Ichthyosaurs 35°C (Bernard et al. 2010)
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A difference between ichthyosaur and oyster 820 values corresponds to 11-12°C
000000000000~ @ @ ] L —

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50

Analytical spot in the growth direction Analytical spot in the growth direction

6180 values of ontogenetic sections throughout the enamel of 2 ichthyosaur
(Cryopterygius kielanae) teeth measured using SHRIMP lle/MC. An increase of ca.

S TR

Assuming that a juvenile portion of ichthyosaur teeth is in isotope equilibrium
with sea»{\xa'r/cyrp and its body temperature of 35°C (after Bernard et al. 2010) it is
possible to calculaf 6?7/80 v/alue of ambient water with an output of 1.1%0 VSMOW .

(‘\
This value may be used to reﬁ'w (/w'%ter isotope temperatures. Their 6180 values
(from -1 to 1%. VPDB) translate |nto Ten Zlf*f/, f!ture range of 16 - 25°C (mean 21°C)

using Anderson and Arthur (1983) equation. ///,/ A
S (\\

These temperatures are consistent with palaeogeograéf*/'// pg\smon of the
Owadow-Brzezinki site (37°N; van Hinsbergen et al. 2015) and - show slightly
elevated salinity of the restricted mid-Polish basin during the latest Jurassic.
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6180 values of ontogenetic sections throughout the enameloid and dentine of 6

Caturus fish teeth measured using SHRIMP lle/MC and 10 bulk Caturus teeth
measured using the standard TC EA method
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: short anal fin
Bowfin

Modern counterparts of Caturus fishes i.e. bowfins (Amia calva) are bimodal
breathers. Their gills exchange gases in the water, they also have a gas bladder
that can serve to breathe air using a small pneumatic duct connected to its
foregut. They can break the surface to gulp air, which allows them to survive
conditions of aquatic hypoxia that are lethal to other species (after Wikipedia;
https://en.wikipedia.org/wiki/Bowfin).



4 Depositional environments of the Ow
offshore and nearshore (Brzostow ! €0
and lagoonal ones (units Il, Ill, IV). Tk -

characterised by high-amplitude variat

oxygenation level of bottom water \ *

fragile fossils. : .»
4 EResy st rosan Img of oyster. shells (uS‘i MJLQM]'II dev]ceD

“show that the intrashell range of (-1 to 1% VPDBB) I 3] gnily nicjfler tnerl
the range of bulk oyster 820 values. The 6@ Ve -ltins may o linkecl
to seasonal changes in both temperature naksall "t\ Hof the secirmentary
basin. A A\ %

5 ysampling of ichthyosa rteeth by a SHRIMP lle/MC ion
icroprol e ave confirmed endothermy of these reptiles. A juvenile
portion of the enamel is probably precipitated close to the oxygen
isotope equilibrium and may be used for the determination of ambient

water 8120 value, which is crucial for palaeoclimatic studies.

Resulis of rnicrosarnpling of Caturus tooin enareloid oy a SHRIVIP
lig/MIC ion rmicroprobe show high 6'°0 valuss (ca, ZS%J\/3MO\/V) el
may obe linked to either elevaisd salinities of wru:er ._j_»_l.u-«-k J rj
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