Synchronizing rock clocks in the late Cambrian
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Research issue

Cambrian: the most poorly dated period of the entire Phanerozoic

1-Rare dated bentonite beds in the Cambrian stratigraphic record.

2-Estimate stage boundary ages by assuming equal time (1Myr) to successive biozones.
3-Pronounced faunal provincialism in the Cambrian limits global biostratigraphic correlation.
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Major sequences of 405-kyr long-eccentricity cycles in the cyclostratigraphic record

Hinnov (2018), Zhong (2019), Zhang et al., (2022)
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Insolation changes translate into climate changes, which in turn
influence the sedimentology and ecological life.

405-kyr long eccentricity cycle: stable over most of Earth’s history
and can be a reliable astronomical metronome.
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Late Cambrian Alum Shale in Scandinavia

Widely distributed Alum Shale Monotonous lithology low-diverse but highly abundant

benthic trilobite fauna

(@)

Late Cambrian

53,
oa

E
Furongian g @ &
2= ¥
& Br l E'°C.., (%-PDB)
; c (g | = a2 1 30 20 .28
6 g @ Ad lii T T T 1
14 a |E | - W
3|3 i
1 £
S = |2 gﬁ; .13?
i !
D RS Ae E$ .
X ’ == o §§ ==
%, X ; =
» ' Syt Stud fryef}ﬁ %ﬂ o :
)« ‘
B | 2 Beitica o | —
S 50 valoniege v P L
WY o
3 . i)
o

Lower Palaeozoic cover
incl. Cambrian sirata

Lower Palaeozoic cover
without Cambrian strata

Original distribution of
Alu?n Shale
& Caledonian front
0 100 200 300 km
L | 1 1

RUSSIA
ESTIONIA;

B X
1 O O I 75
Paibian Jiangshanian |
1
1

Saagia
c
o Albjara-1 [ it §
\ 5
LW < —— 21 =
r\ "."E l} "; Billegravs RUSSA % ] Barren infervals "__:_:_—-__—;
A m’; e BELORUSSIA ~ [ Presence of fossils =

2 B cn safely suggesting zonal
! QLEAND - Gn 2

Lithology, Biozonation and 613C,,, of the
Albjara-1 core

ERMANYEY

The distribution of the Alum Shale and the location of Albjara-1 well Core photo (by Schovosbo)



o’ UNIVERSITY OF COPENHAGEN

Interval: 178.52-181.21 m
~77 m Litho. Al (%
laminations 9

Paleoclimate proxy-Al

« Highly affected by continental weathering

150

A

processes

» Less sensitive to diagenetic alteration

160

=
\U

S NCA SN NN

XRF-core scanner
(resolution 1mm)

Eccentricity Climate Precipitation Clay supply Al content

W runoff
arm
humid = Enhance == Enhance

200

510D T-eJelq|y ‘sa|p/A> uoijeulwen

210

®

- E: Long eccentricity cycles
Albjéara-1 core g Short eccentricity cycles



o’ UNIVERSITY OF COPENHAGEN

Cyclostratigraphic analysis Thirty-nine 405 kyr cycles:

MTM spectrum of uncalibrated Al series shows dominant wavelengths 16-Myr-long floating time scale
e E:1.79-290m

- Time Domain Depth domain
75290 m : i T T T ? Legend g _ e _ .
[ ] e’ O 48—0 76 m Robust AR(1) median 20% median-smoothed §§: E2 . E2
© e * ; 0.08-0.11m =
5 —— Robust AR(1) 90% CL E: Long eccentricity 3z = E3 g g
« 0:013-0.22m : b : y - e =
. . . o ' = N - - - - Robust AR(1) 95% CL 1 e: Short eccentricity — Es — =
° P O 08_0 11m W‘ Hﬁrw T . Robust AR(1) 99% CL O: Obliquity - Tj . -E6 = g7
* * * I H I Robust AR(1) 99.9% CL "1 P: Precession E7 — ==
; — =8 E—— =
R t .I:t ” th 6 8 10 12 14 16 —_— —J= ew0
atlios TIT well Wi b Frequency (cycles/m) c E10 ==
- 0 L L L : = E11 k=
S 2 0417m Subset I: 0-18 m = £z f—— =P
Ose O e gg . 10-16m 0.10m I E1z
B 8 fotam  oq1m| 3™ 0.08m o g7m s —— E13
1 O s I , BLI iy T S S 2 = El4 = 13
eoretical late = ‘ " - —— s =
. . Ac L, E16 —— 14
Cambrian orbital L =, = =
L & — s —E16
arameters g = e
p o & 1. g . : 3 e 0.11m — = - 18
3 ort \ : - : y NN g 0d2m O_OSiUbset Ll Hu) B ———= E20 > E10
Waltham, 2015 | ' WAICRA e s Wy g = e :
a a I 3 I- g 5 2 =——E20
o — p—
1 — E23 - 1
o =— 24 — — E=z2
.%‘ P_ = E25 — E23
slsl Z=== e 24
I »EE— Subset IIl: 41-55 m [-10 —— e =
= 5 e —J EZ25
o H — — E26
S Pal 1, & - = Ea7
— - E28
] — — B — =— E29
< Subset IV: 55-74 m — Ee2 -
2 ‘ — == E33 —F— Es2
5lol 0.08m _ == =
5 07 —
s 0.09m} 0.07m 0 — -E34 — s
J N = e E35 E34
c [} - — = 5
.S o —
g D —E37 = E37
E ’E i 1 —_ E38 E— 533
=S |5[H 74 Sy | it :J \ 1 = E29 —— .
d‘:gtlllws('ﬁw)o 2 4 6 8 10 12 14 16 405-kyr cycles 405-kyr cycles
Frequency (cycles/m) Frequency (cycles/m) Detrended Al Detrended Al

(Tuned) (Untuned)



o’ UNIVERSITY OF COPENHAGEN

Age model verification

1-Sedimentation rate (SR) verification

« SR anti-correlates with sea level changes: expanded in lowstand intervals and condensed in
highstand intervals (Nielsen et al., 2020)

« SR matches well with the SR map derived from eCOCO
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Age model verification n si .
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Age model verification Biostratigraphy
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Radiometrically anchored Temporal constraints on major biotic
astronomical time scale and abiotic events
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Conclusion

« Milankovitch climate cycles are exquisitely recorded in the late Cambrian Alum Shale, Scandinavia.

» The radioisotopically anchored astronomical time scale provides age controls for the bases of the
provisional Stage 10 (491.1+£0.7 Ma), Jiangshanian (494.1+1.0 Ma), Paibian (497.3+1.2/-0.9 Ma) and
Guzhangian (500.3+0.9 Ma), as well as the Scandinavian trilobite biozones.

» The calibrated 405-kyr framework provides temporal constraints on the palaeoenvironmental and
biological changes during the late Cambrian, their temporal synchronicity likely implies potential

causal mechanisms.
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Thanks for your attention!
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