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main rescarch sites for F-F events: 1. USA; 2. Canada; 3. Morocco; 4. Spain; 5. France; 6. Austria; 7. Germany; 8. Poland; 9. China
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Conodont *’Sr/*Sr data from Zhang et al.P®); Whole-rock 5'*Ccarb, 6"3Corg and 6" Cear-org data from Chen et al.l®¥l; 5'®Opos, SST and
paleontological data from Huang et al.?”); Sequence and cycle division of SFa and SFr from Chen et al.l'); Intervals I, II, III represent
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P g P f g
m %o %o 5 m %o %o m %o %o

LL-33 1.40 2.48 -5.01 LL-52 1720 137 -4.15 LL-71 29.15 1.82 441
LL-34 2.50 2.94 -4.67 LL-53 1810  1.28 -4.36 LL-72 2975 253 -3.89
LL-35 3.50 1.98 -4.31 LL-54 18.60  1.36 -4.14 LL-73 3005  2.04 -4.89
LL-36 4.50 2.19 -4.01 LL-55 19.05 1.37 -4.13 LL-74 3030 3.07 5.72
LL-37 5.60 2.68 -4.56 LL-56 19.70 137 -3.61 LL-75 30.50 298 -6.19
LL-38 6.50 2.45 -4.33 LL-57 2025 1.27 -4.01 LL-76 3115 285 -1.45
LL-39 7.40 2.67 -3.83 LL-58 2090  L.18 -4.41 LL-77 3175 317 -4.47
LL-40 8.80 2.34 -4.85 LL-59  21.55 112 -4.90 LL-78 3240 245 -4.55
LL-41 8.95 131 -4.46 LL-60 2230  LI10 -3.06 LL-79 3270 171 -3.98
LL-42 9.75 2.37 -6.37 LL-61 23.00 112 -3.67 LL-80 33.35 1.89 431
LL-43 10.55 258 -4.69 LL-62 2470  1.04 -3.72 LL-81 3410 176 -4.18
LL-44 1125 3.0l -4.61 LL-63 2440  1.04 4.1% LL-82 3500 153 -4.02
LL-45 11.65 228 -3.16 LL-64 2500  1.09 %4 LL-83 3570 1.52 -3.62
LL-46 1235 353 -3.61 LL-65 2560  1.00 -5.11 LL-84 37.00 128 -3.88
LL-47 12.85 1.53 -4.01 LL-66  26.10  0.99 -4.41 LL-85 3820 143 -3.69
LL-48 13.90 154 -3.08 LL-67  26.55 1.18 -4.50 LL-86 3990 1.19 -3.83
LL-49 1460  2.63 -3.37 LL-68 2735 1.06 -4.20 LL-87 40.80  1.09 3.97
LL-50 1560 172 -4.07 LL-69 _ 2740 . - LL-88 4200 293 -4.02
LL-51 1630  1.64 -4.04 LL-70 2850 / 1.51 -3.40

AR, C B H#th (Mn) HIE A B 41 E 5 E AL Ce*'s Ce*' 2 5 I M E
Mn EMEE DRI, K IERR . Bk, AT HAh+3 M # TR (REE),
Ce TEHF 7K H AT A B2 MRS S BE L (MK 5 4 Ce, I Ce HLF: BREAUMIIEK Ce/Ce*
{E AT BT 7, fi Fil I T @e/Ce*fE N 0.13~0.73, “FHI{E N 0.53. [ E, Ce/Ce*EMER
HZHTRH (F-F S F) RRKE . RRAEBRETHEMA (B 7)), Hig/VE0.13
BB R 0.73, EMEAE] 0.60. b, REHFHIHKIR S Ce/Ce*H SMA R TR,
B [A) 22 R AUK, 7 F-F 22~ (UKH J2 K H 2 T g7k AR B INE R ; 1 LKH JZ Ce/Ce*
BN, WEAHRMHEA, KU LKH EHRRAER R, BT aRM. JbEHm
4k BL[33,36]
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FE i G i3 La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm  Yb Lu
Ce/Ce* Y/Ho
5 m 10¢ 106 10 10°  10° 10° 10°  10¢ 10° 10° 10° 10°  10¢  10° 10
LL-34 250 090 058 0.3 056 009 002 013 002 014 152 003 009 00l 008 0.0l 038 48.48
LL-36 450 230 164 035 146 026 006 032 005 034 319 007 020 003 019 003 041 4338
LL-40 880 062 029 009 035 006 001 009 00l 009 104 002 005 00l 005 001 027  52.55
LL-46 1235 3.04 241 060 251 049 009 049 008 050 408 011 029 004 026 004 041 38.55
LL-49 1460 026 006 003 0.14 003 001 004 000 003 041 001 002 000 002 000 013 5320
LL-52 1720 438 517 072 321 060 013 074 011 066 543 014 039 005 032 006 066 3770
LL-53  18.10
LL-54 1860 7.44 956 120 469 084 022 103 017 1.06 872 023 065 009 062 0.11 072 37.58
LL-57 2025 446 527 066 255 049 013 055 0.07 044 438 009 025 004 021 004 069 4837
LL-60 2230 348 373 045 186 035 008 044 007 054 A8% 013 038 006 036 006 065 3840
LL-65 2560 202 219 024 105 016 003 018 002 012 %1.32002 007 001 006 001 0.68  54.42
LL-68 2725 087 109 0.3 049 009 002 010 001 009 9781002 006 001 005 001 0.73 3947
LL-69 2790 3.04 398 055 223 044 010 051 008 054 459 012 031 004 026 004 070 3822
LL-70 2850 273 350 053 216 038 008 044 007 045 339 010 026 004 023 004 066 3476
LL-71 2915 140 170 021 087 0.16 003 016 002 013 113 003 007 001 006 001 070  41.05
LL-74 3030 161 150 025 097 018 003\ 0484 003 021 1.8 005 015 002 014 003 053 3749
LL-77 3175 282 124 045 194 038 008y 024 /006 039 417 008 022 003 0.8 003 025 5092
LL-78 3240 528 620 105 441 077 015 080 011 067 541 014 035 004 028 004 060  39.64
LL-84  37.00 413 319 081 359 072 014 079 013 079 624 017 045 006 039 006 040 3676
LL-87 4080 592 470 130 552 106 024 117 019 120 860 026 068 0.0 059 009 039 3348
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Abstract: [Significance] The Upper Devonian Frasnian-Famennian (F-F) transition is a critical time interval in
geological history. This period saw major simultaneous marine ecological system changes that led to one of the
biggest of the five mass extinctions in the Phanerozoic. The F-F event (also referred to as the Kellwasser event)
was characterized by severe losses of low-latitude shallow-water benthic faunas, notably reef-dwelling coral and
stromatoporoids. High-latitude, deep-sea and terrestrial faunas were the least affected. Various separate or
combined hypotheses have been proposed as the causes of this mass extinction (sea-level change, marine anoxia,

climate change, volcanic/hydrothermal activities, and bolide impact). Of these, climate change and marine anoxia
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have been the most intensively researched and discussed hypotheses based on the Web of Science in recent years.
However, some controversies remain, and the interactions of certain factors are still unclear. [Progress] This study
systematically reviews available reports on the paleoclimatic and paleo-oceanic changes during the F-F transition
and discusses the anoxic model during this critical period, based on related case studies in southern China.
Conodont oxygen and strontium isotopes, as well as the carbon isotope records for carbonates, collectively suggest
a cold climate during the F-F transition interval, with several rapid warming-cooling fluctuations. Conodont
oxygen isotopes suggest that the surface sea-water temperature (SST) dropped by 5—8 °C. Strontium isotopes also
imply that the temperature fluctuations were due to frequent, short-duration volcanism. Palynological data and
carbonate platform exposure/karstification are also suggestive of coeval climate cooling. Additionally, marine
anoxia has been extensively hypothesized as a possible killing mechanism in the F-F mass extinctions, based
initially on the presence of bituminous limestones (or black shales), named the Lower and Upper Kellwasser
Horizons. Studies of pyrite framboids, biomarker compounds, trace elements, isotopes of nitrogen, sulfur and
uranium, and iron speciation have variously suggested the existence of the Kellwasser anoxic events. However,
these generally occurred in geographically specific environments, notably in the pericontinental basins/sub-basins
proximal to source hinterlands. Moreover, the range and degree of angxia‘in the F-F transition also reportedly
differed between study sections around the world. With regard to the anoxic model, studies have suggested that the
Kellwasser anoxic events were caused by the increased nutrient input related to enhanced continental weathering.
Marine anoxic studies from three F-F sections comprising different depositional facies in southern China also
support this “top down” anoxic model. [Conclusions and prospects] Clearly, the F-F biotic crisis was not caused
by any single factor. Frequent short-term volcanic activity may have enhanced continental weathering and
associated greenhouse gas emission, leading to frequent Warming-cooling climate fluctuations and also increased
oceanic nutrient input. In the latter case, eutrophication and anoxia would have occurred in shallow water, and the
mutual interaction of the various environmental factors may have exerted biological pressure in the low-latitude
shallow sea, and eventually led to/the F-F biotic crisis.

Key words: Frasnian-Famennian, transition; paleoclimate; paleo-oceanic redox condition; biotic crisis
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