Vol. 42, No. 2 (April-June 2019)

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

EARTH SCIENCE ABSTRACTS
Vol.42, No.2 (April – June, 2019)
A Quarterly Document

Selective Abstracts on Recent Geological Articles (other than on Indian
Geology) published in different periodicals received by
Central Library, CHQ, GSI, Kolkata

Central Library, Publication Division
Geological Survey of India
Central Headquarters
Kolkata-700016
2019

1

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

ARTICLES COLLECTED FROM THE FOLLOWING PERIODICALS
Title of the Periodical

Vol. (No.), Year

Sl. No. of the Article

Abbreviation used

Acta Geologica Sinica

93(1), 2019

51, 74, 80

Acta Geol. Sinica

American Journal of Science

318(8), 2018

78

American J. Sci.

319(2), 2019

16, 79

40(1), 2019

19, 20, 24

40(2), 2019

26

Bulletin of Geosciences

91(3), 2016

73

China Geology

1(4), 2018

10, 77

Current Science

116(4), 2019

7

116(10), 2019

86

116(12), 2019

13, 99

107(2-3), 2017

64

108(2-3), 2019

12, 36

108(4), 2019

71, 72

109(1-2), 2019

66, 67, 68, 69

109(3-4), 2019

8, 9, 11

113(7), 2018

1, 3, 5, 40, 98

113(8), 2018

2, 4

Atomic Spectroscopy

Earth and Environmental
Science: Transactions of the
Royal Society of Edinburgh

Economic Geology

Geochimica et Cosmochimica 221, 2018
Acta

47, 81

2

At. Spectr

Bull. Geosci.

Curr. Sci.

Earth Environ.
Sci. Tr. Royal
Soc. Edinburgh

Econ. Geol.

Geochim.
Cosmochim. Acta

Earth Science Abstracts

Title of the Periodical

Vol.42, No.2 (April–June 2019)

Vol. (No.), Year

Geochimica et Cosmochimica 223, 2018
Acta
236, 2018

Sl. No. of the Article

Abbreviation used

18, 31, 76

Geochim.
Cosmochim. Acta

15, 23, 46, 52, 55, 60, 65

239, 2018

14, 25, 27, 28, 39, 45, 54, 82

240, 2018

17, 42

241, 2018

37

242, 2018

50, 53

243, 2018

21, 22, 44, 48, 83, 97

Indian Journal of Geoscience

72(4), 2018

6

Indian J. Geosci.

Journal of the Geological
Society

176(2), 2019

32, 41, 43, 100

J. Geol. Soc.

176(3), 2019

49, 70

Nature

555(7695), 2018

56

555(7696), 2018

29, 30

565(7737), 2019

33, 34, 35, 63

565(7740), 2019

84, 85

362(6414), 2018

38, 57

362(6417), 2019

61

362(6421), 2018

59

363(6434), 2019

58

65(3), 2018

89, 90, 93

65(4), 2018

88, 91, 92, 94

65(5), 2018

87, 95, 96

169(4), 2018

62, 75

Science

Sedimentology

Zeitschrift der Deutschen
Gesellschaftfür
Geowissenschaften

3

Nature

Science

Sedimentology

Z. Dtschn. Ges.
Geowiss.

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

AUTHOR INDEX
Name of the Author

Subject

Sl. no. of the
article

AHM Anne-Sofie C.

Marine Geology

52

ALEXANDER C. M. O. D.

Planets and Meteorites

81

ALLIBONE Andrew

Structural Geology

98

ANDREWS Lauren C.

Glaciology

34

ANDREWS M. Grace

Isotope Geochemistry, Geochronology

39

ARCONE Steven A.

Sedimentology

87

ARENA H.

Geochemistry

14

ARGAPADMI Windeati

Isotope Geochemistry, Geochronology

40

ASHMORE Peter

Sedimentology

93

BANERJEE Krishnendu

Remote Sensing and Aerial Survey

86

BANHAM Steven G.

Sedimentology

88

BANKERT Andrew R.

Sedimentology

89

BECKER Lukas W. M.

Sedimentology

90

BLATTMANN Thomas M.

Petrology : Igneous

78

BLOMENKEMPER Patrick

Paleontology

59

BREITENBACH Sebastin F. M.

Paleontology

60

4

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

BRISTOW Charlie S.

Sedimentology

91

CARRANZA Emmanuel John M.

Economic Geology

1

CATLOS Elizabeth J.

Isotope Geochemistry, Geochronology

41

CHEN Cindy

Isotope Geochemistry, Geochronology

50

CHEN Peng

Environmental Geology

8

CHEN Xinming

Isotope Geochemistry, Geochronology

42

CHOO Brian

Paleontology

68

CLEMENT Alice M.

Paleontology

68

CLEMENT Gael

Paleontology

66

CLINE C. J. II

Geochemistry

29

DAVIS James

Economic Geology

4

DIANG Kunlun

Nanogeoscience

57

DIEZ Jose B.

Paleontology

72

DONG Yunpeng

Isotope Geochemistry, Geochronology

43

DURKOWSKI Karol

Paleontology

62

EGLINTON Timothy I.

Economic Geology

78

FAITH Tyler J.

Paleontology

61

5

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

FATOBA Julius O.

Engineering Geology

6

FEAKINS Sarah J.

Isotope Geochemistry, Geochronology

44

FENG Xiaolei

Geochemistry

15

FIJALKOWSKA-MADER Anna

Paleontology

62

FILHO Carlos Roberto De Souza

Economic Geology

1

FLANNERY David T.

Isotope Geochemistry, Geochronology

45

FORDYCE F. M.

Hydrogeology

36

FRUERGAARD Mikkel

Sedimentology

92

GAGNON Guillaume Lamarche

Glaciology

35

GARDNER Tobi

Sedimentology

93

GHAZWANI Assad

Petroleum Geology

75

GLAUSIUSZ Josie

Paleontology

63

GOODRIDGE Blair M.

Marine Geology

53

GORING- HARFORD Heather J.

Isotope Geochemistry, Geochronology

46

GUERIAU Pierre

Paleontology

64

HADDAD-MARTIM Paulo Miguel

Economic Geology

1

HAGEMANN Steffen G.

Economic Geology

4

HAO Wu

Geochemistry

16

6

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

HAT Eva Du Tien

Paleontology

64

HJELSTUEN Berit O.

Sedimentology

90

HUGHES Lewis

Plate Tectonics

83

HUNGER B.

Economic Geology

2

IRIFUNE Tetsuo

Geochemistry

30

JACOBSON Andrew D.

Isotope Geochemistry, Geochronology

39

JIANG Lei

Economic Geology

76

JOHN Suppe

Plate Tectonics

85

JONNY Wu

Plate Tectonics

85

JR. HOCHELLA Michael F.

Nanogeoscience

58

KAETER David

Geochemistry

17

KENRICK Paul

Paleontology

70

KODOLANYI Janos

Isotope Geochemistry, Geochronology

47

KUMAR Sunil Jai

Geochemistry

24

LANGE Skadi M.

Sedimentology

94

LANGER Gerald

Paleontology

65

LEBEDEV Oleg A.

Paleontology

66

LEDUC Pauline

Sedimentology

93

7

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

LEE Michael S. Y.

Paleontology

67

LEI Si

Structural Geology

99

LETSCH Dominik

Economic Geology

78

LI Shun

Environmental Geology

9

LIU Jingao

Geochemistry

31

LIU Xiaohui

Geochemistry

18

LONG John A.

Paleontology

68

LOWENSTEIN Tim K.

Sedimentology

95

LUGARO Maria

Planets and Meteorites

82

MAMATHA P.

Geochemistry

19

MANALO Pearlyn C.

Economic Geology

3

MILLWARD David

Paleontology

69

MITCHELL Ria L.

Paleontology

70

MOLLER Torsten H.

Sedimentology

91

MUKHOPADHYAY Sujoy

Geochemistry

33

MULLER Dietmar

Plate Tectonics

84

NELSON Peter A.

Sedimentology

89

8

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

NESTOLA F.

Mineralogy

56

NISHIDA Harufumi

Paleontology

72

OHUCHI Tomohiro

Geochemistry

30

ORLOVA Olga A.

Paleontology

71

OWEN Richard Bernhart

Sedimentology

95

OZKANTAR Nebiya

Geochemistry

20

PELLERIN Andre

Marine Geology

54

PLANAVSKY Noah J.

Petrology : Igneous

79

PRIKRYL Jan

Geochemistry

21

RABET Nicolas

Paleontology

64

RADER Shelby T.

Geochemistry

22

RADER Shelby T.

Isotope Geochemistry, Geochronology

48

RAMOS Santiago Danielle P.

Geochemistry

23

RAMOS Santiago Danielle P.

Marine Geology

55

RAO N. V. Chalapathi

General Geology

13

RAPUG William

Sedimentology

96

REDDY M. A.

Geochemistry

24

9

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

REDFERN Simon A. T.

Geochemistry

15

RENAUT Robin W.

Sedimentology

95

RENQI Lu

Structural Geology

100

RUI-MIN Li

Environmental Geology

10

SAMUEL D. Michael

Petrology : Metamorphic

80

SCHMIDT Christopher

Sedimentology

97

SENDER Luis M.

Paleontology

72

SHEKHAR R.

Geochemistry

24

SHUANG Zhang

Petrology : Igneous

79

SKOVSTED Christian B.

Paleontology

73

SO Helle Ugilt

Geochemistry

25

SOKALSKI Dominik

Paleontology

62

STOREN Eivind W. N.

Sedimentology

90

STRULLU Derrien Christine

Paleontology

70

SVERJENSKY Dimitri A.

Geochemistry

32

TEDESCHI Michael

Economic Geology

4

TE-HSIEN Lin

Isotope Geochemistry, Geochronology

49

TING Lin

Geochemistry

26

10

Earth Science Abstracts

Name of the Author

Vol.42, No.2 (April–June 2019)

Subject

Sl. no. of the
article

TISSOT Francois L. H.

Isotope Geochemistry, Geochronology

50

VON DER HEYDEN Bjorn P.

Hydrogeology

37

WANG Xiaofeng

Environmental Geology

11

WILLIAMS Curtis D.

Geochemistry

33

WORDEN Richard H.

Petroleum Geology

76

WRAGG Joanna

Environmental Geology

12

XIAO-YONG Duan

Petroleum Geology

77

XIN Cunlin

Paleontology

74

XU Tingying

Geochemistry

27

YANG Changbing

Petroleum Geology

76

YANG Ziming

Geochemistry

28

YI-WEI Chen

Plate Tectonics

85

YUE Li

Engineering Geology

7

ZHANG Hongbin

Hydrogeology

38

ZHANG Qichao

Isotope Geochemistry, Geochronology

51

ZHUOJUN Xie

Economic Geology

5

11

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

SUBJECT INDEX
Sl. no.

Subject

Sl. no. of the
article

1

ECONOMIC GEOLOGY

1–5

2

ENGINEERING GEOLOGY

6–7

3

ENVIRONMENTAL GEOLOGY

8 – 12

4

GENERAL GEOLOGY

13

5

GEOCHEMISTRY

14 – 28

6

GEOPHYSICS, SOLID EARTH

29 – 33

7

GLACIOLOGY

34 – 35

8

HYDROGEOLOGY

36 – 38

9

ISOTOPE GEOCHEMISTRY, GEOCHRONOLOGY

39 – 51

10

MARINE GEOLOGY

52 – 55

11

MINERALOGY

56

12

NANOGEOSCIENCE

57 - 58

13

PALEONTOLOGY

59 – 74

14

PETROLEUM GEOLOGY

75 – 77

15

PETROLOGY : IGNEOUS

78 - 79

16

PETROLOGY : METAMORPHIC

80

17

PLANETS AND METEORITES

81 – 82

18

PLATE TECTONICS

83 – 85

19

REMOTE SENSING AND AERIAL SURVEY

86

20

SEDIMENTOLOGY

87 – 97

21

STRUCTURAL GEOLOGY

98 - 100

12

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

ECONOMIC GEOLOGY

1. HADDAD-MARTIM Paulo Miguel, CARRANZA Emmanuel John M. and FILHO
Carlos Roberto De Souza : The fractal nature of structural controls on ore formation : the
case of the iron oxide Copper-Gold deposits in the Carajas mineral province, Brazilian
Amazon. Econ. Geol. 113(7), 2018, 1499-1524. [pmiguelhm@gmail.com]

The formation of ore minerals in hydrothermal deposits is the result of a complex
interplay between physical and chemical processes that are conditioned by the geologic
environment in which they occur. In the last decades, research has increasingly indicated that
many of these processes display different forms of scale invariance, i.e., they show fractal
geometry. This suggests that behind the apparent disorder and irregularity of the geometry of
mineral deposits at different scales, an underlying regular pattern is present. If properly
understood, this regular geometrical pattern could be useful in a variety of theoretical and
applied fields. A great portion of this scale invariance is given by the structural framework
during mineralization because structures are a dominant factor controlling fluid flow. Here,
we assess the geometry of iron oxide copper-gold (IOCG) mineralization in the worldrenowned Carajás mineral province, focusing on one of the largest and most economically
important orebodies, the Sossego deposit. The geometry of mineralization is evaluated at the
microscale (ore minerals in thin sections), local scale (orebodies in mine maps), and regional
scale (deposit distribution on regional maps). We show that the spatial distribution and shape
of ore minerals at the microscale is largely nonrandom, presents fractal geometry, and
displays defined trends in spatial distribution and anisotropy. Additionally, the geometric
trends observed at the microscale mimic those of the local-scale geometry of orebodies, as
well as the regional-scale distribution of mineralization. The main property controlling the
observed scale invariance is permeability, which is intrinsically associated with structures at
multiple scales. These results contribute to further understanding the fractal nature of
processes controlling mineral deposit formation and revealing new multiscale approaches to
investigate structural controls on ore deposition.
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2. HUNGER B. et al. : Hydrothermal alteration, fluid evolution, and Re-Os geochronology
of the Grota Funda iron oxide copper-gold deposit, Carajas province (Para State), Brazil.
Econ. Geol. 113(8), 2018, 1769-1793. [hunger@gamal.com]

The Grota Funda iron oxide copper-gold (IOCG) deposit is situated within a regional
WNW-ESE–striking shear zone in the northwestern portion of the Carajás domain, an
Archean (3.0–2.55 Ga) segment of the Carajás Province, Brazil. Metavolcano-sedimentary
sequences of the Igarapé-Pojuca Group, comprising basalt, diabase, gabbro, dacite, and
banded iron formations, are the main lithotypes recognized in the deposit area. In this
sequence, mafic igneous rocks represent the main hosts to the copper (-gold) mineralization
stages. The paragenetic evolution of the Grota Funda hydrothermal system encompasses an
early high-temperature cal-cic-sodic alteration (albite-hastingsite-scapolite), followed by
intense Fe metasomatism (magnetite-grunerite-almandine), potassic alteration with biotite,
chlorite-quartz-tourmaline assemblage, and late carbonate-quartz veining. Copper (-gold)
mineralization stages are spatially and temporally associated with iron-enriched
(mineralization I), potassically altered (mineralization II), and chlorite-altered zones
(mineralization III). Molybdenite from grunerite-magnetite veins yielded a Re-Os model age
of 2530 ± 60 Ma, which is interpreted as the mineralization I age. The main sulfide ore
(mineralization II) predominantly forms breccia bodies characterized by a chalcopyritemagnetite-sphalerite-pyrrhotite assemblage. Chalcopyrite δ34S values (0.9 ± 0.9‰) point to a
magmatic source for sulfur, probably leached from the host mafic rocks. Development of
early and high-temperature (>500°C) alteration assemblages is attributed to regional
circulation of deep-seated hypersaline and metalliferous fluids. Mixing with moderate- to
high-salinity (24–29 wt % NaCl + CaCl2 equiv) and cooler fluids may have triggered ore
precipitation in the main ore zone of mineralization II, due to a decrease in temperature and
Cl– activity. Postore alteration assemblages resulted from considerable temperature and pH
decreases.

3. MANALO Pearlyn C. et al. : Mineralization of the northwest quartz-pyrite-gold veins :
implications for multiple mineralization events at Lepanto, Mankayan Mineral District,

14

Earth Science Abstracts

Northern

Luzon,

Vol.42, No.2 (April–June 2019)

Philippines.

Econ.

Geol.

113(7),

2018,

1609-1626.

[pearlynmanalo@gmail.com]
The Northwest quartz-pyrite-gold veins are situated 500 m east of the Lepanto fault in
Mankayan, Luzon, Philippines. Most vein mineralization is hosted by the Lepanto
metavolcanic basement rocks at an elevation between 700 and 1,050 m. The earliest stage,
stage 1, is characterized by sphalerite + chalcopyrite + pyrite ± magnetite veins cutting the
host rocks that were altered to chlorite + illite + epidote. Precious metal deposition started in
stage 2 as electrum, native gold, and gold-silver tellurides deposited with pyrite, quartz, and
carbonate. Deposition of gold and silver tellurides continued in stage 3a with abundant pyrite
and tennantite-tetrahedrite solid solution intergrown with chalcopyrite, bornite, and minor
sphalerite. The stage 3a veins and host-rock alteration are characterized by abundant
muscovite and quartz, while the stage 3b veins and alteration consist of quartz, pyrophyllite,
alunite, and dickite. Enargite and luzonite are the dominant sulfide minerals in stage 4, which
are either disseminated in silicified host rock or within wide quartz veins. Lesser amounts of
quartz and abundant pyrite with inclusions of enargite and luzonite were precipitated in stage.
Microthermometry on fluid inclusions in quartz of stages 2, 3a, and 4 indicates boiling of the
hydrothermal fluids. Bulk gas analysis on fluid inclusions in quartz shows that the stage 2 and
4 fluids had components derived from basaltic and andesitic magma, respectively. Fluids that
formed stage 4 quartz were more diluted by meteoric water than the fluids that formed the
stage 2 veins. Radiometric 40Ar/39Ar dating on alunite separated from the stage 3b advanced
argillic alteration zone yielded 2.2 ± 0.1 Ma. Sulfur isotope compositions of the Northwest
quartz-pyrite-gold deposit reveal a bulk δ34S of approximately 5‰, similar to the calculated
value for the adjacent Far Southeast porphyry deposit. Calculated oxygen and hydrogen
isotope ratios of the fluids of the Northwest quartz-pyrite-gold deposit stage 3bdickites are
similar to those that formed the illite alteration in the Far Southeast porphyry deposit but are
higher in δ18O when compared to the fluids that formed the kandites in the Lepanto enargite
deposit. The northward cooling of mineralizing fluids previously reported in the Lepanto
enargite deposit is not consistent with the mineralogic indications in the Northwest quartzpyrite-gold deposit. These data indicate multiple mineralization events in the Mankayan
district, which is one of the largest mineral districts in the western Pacific.
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4. TEDESCHI Michael, HAGEMANN Steffen G. and DAVIS James : The Karouni Gold
deposit, Guyana, South America : Part I : Stratigraphic setting and structural controls on
mineralization.

Econ.

Geol.

113(8),

2018,

1679-1704.

[Michael.tedeschi@research.uwa.edu.au]

The Karouni orogenic gold deposit is located in north-central Guyana, 35 km to the
west of the 5 Moz Omai Gold Mine. The deposit is hosted within 2.2 to 2.1 Ga volcanosedimentary rocks of the Barama-Mazaruni Supergroup, part of the Paleo- to Neoproterozoic
Guiana Shield. Karouni consists of two zones, Smarts and Hicks, located 2 km apart along the
NW-striking Smarts-Hicks shear zone, a second-order splay of the regional-scale MakapaKuribrong shear zone. The Karouni camp is composed of a lower sequence of mafic volcanic
rocks, overlain by a lower sequence of immature sandstone and conglomerate, and an upper
sequence of sandstone and laminated carbonaceous siltstone, intruded by several generations
of felsic plutons and dikes. Whole-rock geochemical analysis indicates their formation in
oceanic island-arc environment, and mantle-like characteristics of the high MgO basalts may
indicate the presence of deep-seated structures during the early history of the camp. Regionalscale deformation during the Trans-Amazonian orogeny led to tectonic inversion of the
volcano-sedimentary basins, greenschist facies metamorphism, and the development of strikeslip shear zones. Late movement on these shear zones is interpreted to be responsible for
hydrothermal fluid flow, alteration, and gold mineralization within the Karouni gold camp.
The Smarts and Hicks orebodies are localized within dilatational bends formed at changes in
strike of the Smarts-Hicks shear zone during late dextral transcurrent movement. Rheological
contrast played a dominant role in the formation of the deposits with shear-hosted, NWstriking, and steeply dipping quartz-carbonate-chlorite ± tourmaline-pyrite-gold (V2a) veins
preferentially hosted in ductilely deformed, high MgO basalts, whereas mineralized N-S,
quartz-carbonate-chlorite ± tourma-line-pyrite-gold (V2b)

veins are hosted within

rheologically competent high TiO2 dolerite sills and granodiorite dikes. The interaction of
these structures with favorable lithology is key for localizing high-grade ore bodies.
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5. ZHUOJUN Xie et al. : Magmatic origin for sediment-hosted Au deposits, Guizhou
province, China : in situ chemistry and sulphur isotope composition of pyrites, Shuiyindong
and Jinfeng deposits. Econ. Geol. 113(7), 2018, 1627-1652. [xiayong@vip.gyig.ac.cn]

The southwest Guizhou Province, China, contains numerous sediment-hosted Au
deposits with Au reserves greater than 700 tonnes. To date, the source of ore fluids that
formed the Guizhou sediment-hosted Au deposits is controversial, hampering the formulation
of genetic models. In this study, we selected the Shuiyindong and Jinfeng Au deposits, the
largest strata-bound and fault-controlled deposits in Guizhou, respectively, for detailed
research on pyrite chemistry and S isotope composition using laser ablation-inductively
coupled plasma-mass spectrometry (LA-ICP-MS) and laser ablation-multicollectorinductively coupled plasma-mass spectrometry (LA-MC-ICP-MS), respectively. Petrography
and pyrite chemistry studies distinguished five generations of pyrite. Among these, pre-ore
pyrite 2 and ore pyrite are the most abundant types in the deposits. Pre-ore pyrite 2 is
anhedral to euhedral and with ~2,639 ppm As and wider ranges of Cu, Sb, and Pb (<~22–
4,837 ppm, <~6 to 532 ppm, and <~4 to 1,344 ppm, respectively). Gold in pre-ore pyrite 2 is
below the detection limit of LA-ICP-MS (~2 ppm). Pre-ore pyrite 2 is interpreted to have a
sedimentary (syngenetic or diagenetic) origin. Ore pyrite commonly rims the four identified
pre-ore pyrites or occurs as individual, anhedral to euhedral crystals. Ore pyrite is enriched in
Au (~641 ppm), As (~9,147 ppm), Cu (~1,043 ppm), Sb (~188 ppm), Hg (~43 ppm), and Tl
(~22 ppm) in both deposits. Ore pyrite formed mainly by sulfidation of Fe in Fe-bearing host
rocks, mainly Fe dolomite, and As, Cu, Sb, Hg, and Tl, also in ore fluids, were incorporated
into ore pyrite. In situ δ34S isotope ratios for pre-ore pyrite 2 and ore pyrite were measured
by LA-MC-ICP-MS. Pre-ore pyrite 2 from Shuiyindong and Jinfeng deposits resulted in δ34S
values ranging from −0.8 to +3.4‰ and from 5.1 to 10.5‰, respectively. Analyses of ore
pyrite from the Shuiyindong have δ34S values that vary from −3.3 to +2.5‰, with a median
of 0.7‰; analyses of ore pyrite from the Jinfeng range from 8.9 to 11.2‰, with a median at
10.3‰. Available bulk and in situ δ34S data in the literature for pre-ore pyrites 1 and 2 and
ore-related sulfide minerals including ore pyrite, arsenopyrite, and late ore-stage stibnite,
realgar, orpiment, and cinnabar from several Guizhou sediment-hosted Au deposits were
compiled for comparison. Pre-ore-stage pyrites from Guizhou sediment-hosted Au deposits
have a broad range of δ34S values, from −33.8 to + 17.9‰ (including in situ and available
17
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bulk δ34S data). Ore-related sulfide minerals in all Guizhou sediment-hosted Au deposits,
except Jinfeng, have very similar δ34S values, and most data plot between ~−5 and +5‰. In
the Jinfeng deposit, the ore-related sulfide minerals exhibit δ34S values ranging from 1.9 to
18.1‰, with most data plotting between 6 and 12‰. The broad range of S isotope
compositions for the sedimentary pyrites (pre-ore pyrites 1 and 2) indicate that S in these preore pyrites was most likely generated by bacterial reduction from marine sulfate. The narrow
range of δ34S values (~−5–+5‰) for ore-related sulfide minerals in all Guizhou sedimenthosted Au deposits, excepting the Jinfeng deposit, suggests that the deposits may have formed
in response to a single widespread metallogenic event. As the S isotope fractionation between
hydrothermal fluids and sulfide minerals in a sulfide-dominated system is small (<2‰) at
~250°C, the initial ore fluids that formed the Guizhou sediment-hosted Au deposits would
have had δ34S values similar to the ore-related sulfide minerals, between ~−5 and +5‰. At
Jinfeng, initial ore fluids may have mixed with local fluids with heavier δ34S, possibly basin
brine (δ34Sbasin brine >18‰), resulting in elevated δ34S values of ore-related sulfide
minerals and especially late ore-stage sulfide minerals. Although few igneous rocks are
exposed in the mining area around these deposits, there is evidence of magmatic activity ~20
km away. Furthermore, gravity and magnetic geophysical investigations indicate the presence
of a pluton ~5 km below the surface of the Shuiyindong district. Based on in situ S isotope
results and recent data indicating proximal intrusions, we interpret a deep magmatic S source
for the ore fluids that formed the Guizhou sediment-hosted Au deposits. However, as the age
for Au mineralization of Guizhou sediment-hosted Au deposits is still debated, the
mineralization-magma connection remains hypothetical. Identifying an ore fluid source and
time frame for Guizhou Au mineralization continues to be a critically important research goal
for this district.

ENGINEERING GEOLOGY

6. FATOBA Julius O. et al. : Evaluation of subsurface condition by geophysical methods at
Ureje earth dam embankment, Ado-Ekiti, Southwestern Nigeria - a case study. Indian J.
Geosci. 72(4), 2018, 275-282. [sheunsky@gmail.com]
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The subsurface conditions of the Ureje Earth Dam Embankment, Ado-Ekiti were
assessed using the spontaneous potential (SP) and electrical resistivity techniques of
geophysical prospecting. A 290m long traverse line was established on the crest of the dam
embankment. SP measurements were taken via the total field electrode configuration at
station interval of 5m, while the electrical resistivity methods involved the Vertical Electrical
Sounding (VES) and 2-D Electrical Resistivity Imaging (ERI) field techniques. The
Schlumberger and dipole-dipole arrays were adopted for the VES and ERI techniques
respectively. Total six (6) VES positions were established, with half-current electrode spacing
(AB/2) varying from 1-50m. An electrode spacing (a) of 5m and expansion factor (n) varying
from 1-5 were utilized for the ERI. SP data were presented as profile, while VES and ERI
data were presented as depth sounding curves, geoelectric section and 2-D subsurface
electrical resistivity image. Qualitative and quantitative interpretations were used for the SP,
VES and ERI data respectively. Several SP troughs were observed on the SP profile. The
troughs within the negative potential range were attributed to streaming potential emanating
from anomalous seepage conditions within the dam embankment. The geoelectric section and
2-D subsurface electrical resistivity image delineated the sandy/lateritic topsoil/cap rock, the
weathered layer/embankment core and the fresh basement bedrock. The resistivity variations
within the cap rock, core and bed rock were 110-369 ohm-m, 38-175 ohm-m and 230-22114
ohm-m respectively. Zones within and beneath the embankment core having resistivity values
below 90 ohm-m were suspected to be associated with anomalous seepages. On the other
hand, zones characterised by resistivity values above 90 ohm-m were adjudged as zones
having competent embankment core characteristics. A depression or fault like structure at
basement was also delineated by the geoelectric section and the 2-D subsurface electrical
resistivity image. The anomalous seepage conditions in conjunction with the basement
depression/fault-like structure observed within and beneath Ureje Earth Dam Embankment
are inimical to its structural integrity.

7. YUE Li et al. : Slope stability analysis with reference to rainfall infiltration in the
Yongping

Copper

Mine,

China.

Curr.

[shengnian.wang@foxmail.com]
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Due to the influence of rainfall infiltration, the slope of Yongping Copper Mine
appears to have a high probability of instability, posing a great threat to the mineral
transportation roads and mining safety. In this study, the hydraulic response of the slope
under rainfall conditions is simulated, the response of the slope under different rainfall
conditions is discussed, and the safety factor (FS) and the probability of failure (Pf) of the
slope during and after a rainfall are analysed. The results indicate that rainfall infiltration has
a hysteretic effect on slope instability. The failure of the mining slope at the elevation
between 178 m and 226 m is likely to occur in three days after a rainfall. The activity
distribution of the slope indicates that it is an advancing landslide.

ENVIRONMENTAL GEOLOGY

8. CHEN Peng et al. : Earth surface processes and environmental sustainability in China :
Long-term effects of biochar on rice production and stabilisation of cadmium and arsenic
levels in contaminated paddy soils. Earth Environ. Sci. Tr. Royal Soc. Edinburgh 109(3-4),
2019, 415-420. [gxsun@rcees.ac.cn]

Heavy metal contamination in the paddy soils of China is a serious concern because of
its health risk through transfer in food chains. A field experiment was conducted in 2014–
2015 to investigate the long-term effects of different biochar amendments on cadmium (Cd)
and arsenic (As) immobilisation in a contaminated paddy field in southern China. Two types
of biochar, a rice-straw-derived biochar (RB) and a coconut-by-product-derived biochar
(CB), were amended separately to determine their impacts on rice yield and their efficacy in
reducing Cd and As in rice. The two-year field experiment showed that biochar amendments
significantly improved the rice yields and that CB is superior to RB, especially in the first
growth season. Using a large amount of biochar amendment (22.5tha–1) significantly
increased soil pH and total organic carbon, and concomitantly decreased the Cd content in
rice grains over the four growth seasons, regardless of biochar type and application rate.
Arsenic levels in rice were similar to the control, and results from this study suggest that there
was a sustainable effect of biochar on Cd sequestration in soil and reduction of Cd
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accumulation in rice for at least two years. Biochar amendment in soil could be considered as
a sustainable, reliable and cost-effective option to remediate heavy metal contamination in
paddy fields for long periods.

9. LI Shun et al. : Earth surface processes and environmental sustainability in China :
increased copper levels inhibit denitrification in urban soils. Earth Environ. Sci. Tr. Royal
Soc. Edinburgh 109(3-4), 2019, 421-427. [xryang@iue.ac.cn]

The consequences of urbanisation for Earth's biogeochemical cycles are largely
unexplored. Copper (Cu) in urban soils is being accumulated mainly due to anthropogenic
activities under rapid urbanisation. The increasing Cu concentrations may contribute to
altering soil nitrogen (N) cycling in urban ecosystems through modulating denitrification
processes. This research aims to identify how Cu impacts urban soil denitrification functions
and denitrifier abundance. An urban park soil with a background total Cu concentration of
7.9μgg–1 was incubated anaerobically with different Cu amendments (10, 20, 40, 80 and
160μg Cu g–1 soil), similar to prevalent Cu contents in urban soils. We evaluated the soil
denitrification functions using the acetylene (C2H2) inhibition method and assessed the
denitrifier abundance by quantitative polymerase chain reaction (qPCR) analyses of
denitrifying marker genes (nirK, nirS and nosZ). At the function level, we observed that both
the potential soil denitrification activity and the N2O emission rate due to denitrification were
significantly (P<0.05) inhibited by Cu; even the lowest Cu addition (10μg Cu g–1 soil)
drastically affected the denitrification function. Moreover, Cu significantly (P<0.05)
decreased the abundance of nirK and nirS genes at the additions of 160μg Cu g–1 soil and
40μg Cu g–1 soil, respectively, whereas it had no clear impact on nosZ gene copies. Further
correlation analyses revealed that the potential denitrification activity was positively
correlated to the copy numbers of nirK and nirS genes, but it was not correlated to nosZ gene
abundance. These findings indicate that Cu additions inhibited soil denitrification function
and decreased denitrifier abundance in the investigated urban park soil. Our results suggest
that Cu accumulation in urban soils, resulting from urbanisation, may generally influence
denitrification in urban ecosystems.
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10. RUI-MIN Li et al. : Geological resources and environmental carrying capacity
evaluation review, theory, and practice in China. China Geol. 1(4), 2018, 556-565.
[lirm@mail.cigem.gov.cn]

Evaluations of resources and environmental carrying capacities (GRECC) are the
premise of land space planning and use control. Resource allocations and environmental
capacity are the basic conditions that restrict development in a region. In this paper, based on
a systematic review of China’s geological environment, groundwater resources, mineral
resources, other geological resources and the environmental carrying capacity research status,
the relationship between the natural resource environmental system and the socio-economic
system is studied. Then a “coordination theory of resources and environmental carrying” is
proposed. Next, on the basis of an evaluation experiment performed at different scales and for
different types of regions, the technical methods for an evaluation of the geological resources
and environmental carrying capacity at the regional (inter-provincial) and provincial scales in
China are established for the first time. This paper presents a standardized method based on
technical ideas, evaluation methods, and index systems for geological resource and
environmental carrying capacity evaluation. Finally, an evaluation of the groundwater
resource carrying capacity in China is used as an example for the demonstration of the
groundwater resource background and use of state evaluation methods.

11. WANG Xiaofeng et al. : Soil conservation on the loess plateau and the regional effect:
impact of the “Grain for Green” Project. Earth Environ. Sci. Tr. Royal Soc. Edinburgh 109(34), 2019, 461-471. [fengxm@rcees.ac.cn]

Soil conservation on the Loess Plateau is important not only for local residents but
also for reducing sediment downstream in the Yellow River. In this paper, we report a
decrease in soil erosion from 2000 to 2010 as a result of the ‘Grain for Green' (GFG) Project.
By using the Revised Universal Soil Loss Equation and data on land cover, climate and
sediment yield, we found that soil erosion decreased from 6579.55tkm–2yr–1 in 2000 to
1986.66tkm–2yr–1 in 2010. During this period, there was a major land cover change from
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farmland to grassland in response to the GFG. The area of low vegetation coverage with
severe erosion decreased dramatically, whereas the area of high vegetation coverage with
slight erosion increased. Our study demonstrates that the reduction in soil erosion on the
Loess Plateau contributed to the decrease in the sediment concentration in the Yellow River.

12. WRAGG Joanna et al. : Linkage between solid-phase apportionment and bioaccessible
arsenic, chromium and lead in soil from Glasgow, Scotland, UK. Earth Environ. Sci. Tr.
Royal Soc. Edinburgh 108(2-3), 2019, 217-230. [jwrag@bgs.ac.uk]

The chemical composition of soil from the Glasgow (UK) urban area was used to
identify the controls on the availability of potentially harmful elements (PHEs) in soil to
humans. Total and bioaccessible concentrations of arsenic (As), chromium (Cr) and lead (Pb)
in 27 soil samples, collected from different land uses, were coupled to information on their
solid-phase partitioning derived from sequential extraction data. The total element
concentrations in the soils were in the range <0.1–135mgkg –1 for As; 65–3680mgkg –1 for
Cr and 126–2160mgkg –1 for Pb, with bioaccessible concentrations averaging 27, 5 and 27%
of the total values, respectively. Land use does not appear to be a predictor of contamination;
however, the history of the contamination is critically important. The Chemometric
Identification of Substrates and Element Distribution (CISED) sequential chemical extraction
and associated self-modelling mixture resolution analysis identified three sample groupings
and 16 geochemically distinct phases (substrates). These were related to iron (n =3),
aluminium–silicon (Al–Si; n =2), calcium (n =3), phosphorus ( n =1), magnesium (Mg; n =3),
manganese (n =1) and easily extractable (n =3), which was predominantly made up of sodium
and sulphur. As, Cr and Pb were respectively found in 9, 10 and 12 of the identified phases,
with bioaccessible As predominantly associated with easily extractable phases, bioaccessible
Cr with the Mg-dominated phases and bioaccessible Pb with both the Mg-dominated and Al–
Si phases. Using a combination of the Unified Barge Method to measure the bioaccessibility
of PHEs and CISED to identify the geochemical sources has allowed a much better
understanding of the complexity of PHE mobility in the Glasgow urban environment. This
approach can be applied to other urban environments and cases of soil contamination, and
made part of land-use planning.
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GENERAL GEOLOGY

13. RAO N. V. Chalapathi : Science of the earth system. Curr. Sci. 116(12), 2019, 19421943. [nvcrao@bhu.ac.in]
A workshop on ‘Advances in Earth System Science’ was held last year at the Banaras
Hindu University (BHU), Varanasi. An editorial board meeting of the Journal of Earth
System Science was also held during that time. About 50 delegates belonging to various
domains of earth system science, viz. earth, planetary, atmosphere and oceans, gathered on a
common platform to deliberate on different contemporary topics. Five technical sessions were
convened and 21 talks were delivered during the workshop. The inaugural lecture was
delivered by Vinod Gaur (CSIR-Fourth Paradigm Institute, Bengaluru), who emphasized the
importance of first principle approach to address fundamental problems in planetary sciences
research and education. New views on the origin of the solar system were updated by J. N.
Goswami (Physical Research Laboratory (PRL). The Himalaya is one of the regions where
seismicity is a grave concern. V. C. Thakur and B. R. Arora (Wadia Institute of Himalayan
Geology) provided an overview of seismotectonics of the domain and stressed on the role of
plate boundary and wedge-thrust earthquakes. The evolution of various branches of earth
sciences and their culmination into earth system science was traced by R. N. Singh (Indian
Institute of Technology Gandhinagar). Crustal architecture and Moho topography beneath the
eastern Indian and Bangladesh margins from latest marine datasets were presented by K. S.
Krishna (University of Hyderabad). Based on the diffusion chronometry of garnet grains, S.
K. Bhowmick (IITKGP) highlighted pulsed tectonic patterns in the evolution of early earth
hot orogens. Based on the presence of Martian rare mineral jarosite, Saibal Gupta (IIT-KGP)
postulated that analogous environment can be found in the Rann of Kutch and documented
the presence of jarosite. R. Bhutani (Pondicherry University, Puducherry) summarized the
various radiogenic isotopic clocks used to understand the evolution of the earth, and
summarized their pros and cons. The importance of self-potential method in subsurface
exploration of mineral deposits was demonstrated by A. Biswas (BHU).
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GEOCHEMISTRY

14. ARENA H. et al. : Impact of Fe, Mg and Ca elements on glass alteration: Interconnected
processes. Geochim. Cosmochim. Acta 239, 2018, 420-445. [Helene.arena@cea.fr]

In this study, the effects of Fe, Mg and Ca elements on the International Simple Glass
(ISG) alteration were studied throughout 511 days of aqueous leaching experiments. The aim
was to determine the processes involved and the additive or competitive nature of their effects
on glass alteration. The three elements were introduced separately or together in solution as
XCl2chloride salts (X = Fe, Mg or Ca) with monthly additions to compensate for their
consumption. Glass alteration was determined by leachate analyses (ICP-AES), and the
alteration

products

were

characterized

in

terms

of

composition,

morphology

and microstructure (SEM, TEM-EDX, ToF-SIMS and XRD). Two main processes were
identified: (i) the precipitation of secondary phases integrating the added elements and (ii) the
incorporation of the added elements into the gel layer. The first process enhances glass
alteration and leads to a decrease in pH. The precipitation occurs in the presence of Fe and/or
Mg. When these two elements are added simultaneously, their effects are additive. This
phenomenon is self-limited; when a pH threshold value is reached (7.8 for Mg-silicates and
6.2 for Fe-silicates), the precipitation stops. The second process is mainly illustrated by the
behavior of Ca. As this element is retained/incorporated into the gel layer, the gel layer
becomes denser, and its protective properties increase. In lower proportions, Fe and Mg can
also be incorporated into the gel layer. In the presence of each other, there is a competition
between Ca, Fe and Mg to be incorporated into the gel layer. The quantity of element
incorporated into the gel layer follows the order Ca ≫ Fe > Mg. These two processes are
tightly linked to the evolution of the pH. As the secondary phases precipitate, the pH
decreases, making Ca more soluble and less retained in the gel. When the precipitation stops,
Fe and/or Mg can be incorporated into the gel in replacement for Ca. From these conclusions,
an organogram was established that can be used to predict the effects of chemical elements on
glass alteration depending on their behaviour.
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15. FENG Xiaolei and REDFERN Simon A. T. : Iodate in calcite, aragonite and vaterite
CaCO3: insights from first-principles calculations and implications for the I/Ca geochemical
proxy. Geochim. Cosmochim. Acta 236, 2018, 351-360. [satr@cam.ac.uk]

The incorporation of iodine into each of the three polymorphs of CaCO 3 –
calcite, aragonite and vaterite, is compared using first-principles computational simulation.
In each case iodine is most easily accommodated as iodate (IO3−) onto the carbonate site.
Local strain fields around the iodate solute atom are revealed in the pair distribution
functions for the relaxed structures, which indicate that aragonite displays the greatest degree
of local structural distortion while vaterite is relatively unaffected. The energy penalty for
iodate incorporation is least significant in vaterite, and greatest in aragonite, with the
implication

that

iodine

will

display

significant

partitioning

between calcium

carbonate polymorphs in the order vaterite > calcite > aragonite. Furthermore, we find that
trace iodine incorporation into vaterite confers improved mechanical strength to vaterite
crystals. Our results support the supposition that iodine is incorporated as iodate within
biogenic carbonates, important in the application of I/Ca data in palaeoproxy studies of
ocean oxygenation. Our observation that iodate is most easily accommodated into vaterite
implies that the presence of vaterite in any biocalcification process, be it as an end-product or
a precursor, should be taken into account when applying the I/Ca geochemical proxy.

16. HAO Wu et al. : Spatial and temporal variations in the geochemistry of Cretaceous high
Sr/Y rocks in Central Tibet. American J. Sci. 319(2), 2019, 105-121. [wuhaojlu@126.com]

Recent studies based on low-temperature chronology and sedimentology have
proposed the existence of a proto-Tibetan Plateau (p-TP); however, the timing and
mechanisms of its formation and evolution remain ambiguous. High-Sr/Y rocks are an
important petrological indicator of thickening. Here, we compile geochemical data of
Cretaceous rocks to interpret their petrogenesis and to constrain deep geodynamic processes.
Geochemical characteristics, in combination with zircon Hf isotopic compositions, indicate
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that the high-Sr/Y rocks were derived from the partial melting of thickened juvenile lower
crust, with or without contamination by mantle peridotite. Comparing geochronological and
geochemical data, we observe a correlation between magma migration and the composition of
high-Sr/Y rocks. Based on these observations, we propose a revised tectonomagmatic
evolution model for central Tibet, involving crustal thickening, retreating delamination, and
break off. Our research suggests that the rapid uplift of the p-TP was a consequence of the
removal of isostatic load during the Mesozoic.

17. KAETER David et al. : The magmatic-hydrothermal transition in rare-element
pegmatites from southeast Ireland: LA-ICP-MS chemical mapping of muscovite and
columbite-tantalite. Geochim. Cosmochim. Acta 240, 2018, 98-130. [David.kaeter@icragcentre.org]

The processes involved in the magmatic–hydrothermal transition in rareelement pegmatite crystallization are obscure, and the role of hydrothermal mechanisms in
producing economic concentrations of rare elements such as tantalum remains contentious.
To decipher the paragenetic information encoded in zoned minerals crystallized during the
magmatic–hydrothermal transition, we applied SEM-EDS and LA-ICP-MS chemical
mapping to muscovite- and columbite-group minerals (CGM) from a rare-element pegmatite
of the albite-spodumene subtype from Aclare, southeast Ireland. We present a three-stage
model for the magmatic–hydrothermal transition based on petrography, imaging and
quantification of rare-element (Li, B, Rb, Nb, Sn, Cs, Ba, Ta, W, U) zoning, integrated with
geochemical modeling and constraints from published literature. Stage I marks the end of
purely magmatic crystallization from a peraluminous granitic melt. In stage II, polymerized
silicic melt and depolymerized alkaline aqueous melt coexist as immiscible media, both of
which influence muscovite and CGM crystallization. Stage II also marks the onset of phyllic
alteration

of

primary

mineral

assemblages. Hydrothermal

fluid release

causes

further resorption of primary minerals and eventual precipitation of fine-grained albite in
stage III. Muscovite and CGM both exhibit trace-element zoning, while CGM also show
major-element zoning. Petrographic relationships and geochemical markers such as Ta#
27

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

(=Ta/[Ta + Nb]) of individual mineral zones reveal that both mineral species crystallized
contemporaneously over all three stages. Furthermore, Rayleigh fractional crystallization of
muscovite is efficient in fractionating Ta from Nb. Tantalum and Nb are additionally
fractionated by halogen-rich aqueous media, which remobilize both elements, but redeposit
preferentially Ta-enriched oxides. Columbite–tantalite mineralization is therefore both
magmatic and hydrothermal. Albite associated with stage-III muscovite and CGM was likely
precipitated from a hydrothermal fluid when pH changed due to hydrolysis of primary
minerals. The complex zoning and resorption of minerals indicates that bulk analyses and
conventional LA-ICP-MS spot ablation analyses of muscovite in rare element pegmatites may
lead to erroneous modelling of element partitioning and fluid evolution. Combined
petrographic and high-resolution geochemical analysis of two mineral species (which cocrystallize and incorporate the same elements of interest) is an effective tool to assess the
complex processes of crystal–melt–fluid interaction. Our three-stage model may also be
applicable to the still not well understood magmatic–hydrothermal transition from fertile
granitic melts to formation of Sn-W veins and greisens or porphyry-type deposits.

18. LIU Xiaohui et al. : Diffusion coefficients of Mg isotopes in MgSiO3 and Mg2SiO4 melts
calculated by first-principles molecular dynamics simulations. Geochim. Cosmochim. Acta
223, 2018, 364-376. [helx@ustc.edu.cn]

The mass dependence of diffusion coefficient (D) can be described in the form
of DiDj=mjmiβ, where m denotes masses of isotope i and j, and β is an empirical parameter
as used to quantify the diffusive transport of isotopes. Recent advances in computation
techniques allow theoretically calculation of β values. Here, we apply first-principles BornOppenheimer molecular dynamics (MD) and pseudo-isotope method (taking mjmi=124,
624,4824,12024) to estimate β for MgSiO3 and Mg2SiO4 melts. Our calculation shows that β
values for Mg calculated with 24Mg and different pseudo Mg isotopes are identical, indicating
the reliability of the pseudo-isotope method. For MgSiO3 melt, β is 0.272 ± 0.005 at 4000 K
and 0 GPa, higher than the value calculated using classical MD simulations (0.135). For
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Mg2SiO4 melt, β is 0.184 ± 0.006 at 2300 K, 0.245 ± 0.007 at 3000 K, and 0.257 ± 0.012 at
4000 K. Notably, β values of MgSiO3 and Mg2SiO4 melts are significantly higher than the
value in basalt-rhyolite melts determined by chemical diffusion experiments (0.05). Our
results suggest that β values are not sensitive to the temperature if it is well above
the liquidus, but can be significantly smaller when the temperature is close to the liquidus.
The small difference of β between silicate liquids with simple compositions of MgSiO3and
Mg2SiO4 suggests that the β value may depend on the chemical composition of the melts.
This study shows that first-principles MD provide a promising tool to estimate β of silicate
melts.

19. MAMATHA P. et al. : Methodology for the speciation of Cr(III) and Cr(VI) in leaf
powders using the sulfate form of Dowex-1 after microwave extraction and ICP-OES
Detection. At. Spectr. 40(1), 2019, 31-35. [sabayamac@gmail.com]

The speciation of chromium (Cr) in different leaf samples from black tea, green tea,
spinach, the Ceiba pentandra and Croton escabiosis fruit trees, and one custard apple tree
(Annona reticulata) is reported by using offline separation and ICP-OES detection. The
species of Cr are extracted using a solution containing 0.1 M EDTA, 1% tetrabutyl
ammonium bromide (TBAB), and a little HF in a domestic microwave oven for 1 minute.
Optimization of the methodology for the extraction of the Cr species from dried leaf powders
and separation of Cr(VI) from the extract were studied. The determination of the separated
Cr(VI) and total Cr in the extracts and also total Cr after total digestion was carried out using
ICP-OES. Recovery of the extracted Cr was 97-103%, calculated with respect to the total Cr
concentration obtained after complete dissolution. Separation of Cr(VI) from the extracts was
carried out using anion exchange chromatography with a sulfate form of Dowex-1 at pH 4.5.
The recovery of Cr(VI) was found at 98–101% with an RSD of 5–6 %. The limits of
detection for Cr(III) and Cr(VI) were 18 and 21 ng g-1, respectively. The analytical
methodology thus developed was validated for total chromium using a Polish certified
reference material Virginia Tobacco Leaves (CRM-CTA-VTL-2). The sum of the
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concentrations of Cr(VI) and Cr(III) was in good agreement with the total Cr in the CRM and
with the total Cr determined after total digestion.

20. OZKANTAR Nebiya : Determination of copper using supramolecular solvent-based
microextraction for food, spices, and water samples prior to analysis by flame atomic
absorption spectrometry. At. Spectr. 40(1), 2019, 17-23. [Mustafa.tuzen@gop.edu.tr]

A simple and sensitive supramolecular solvent micro extraction method was
developed for the separation, preconcentration and determination of trace levels of copper in
food and environmental samples. The supramolecular solvent system consists of
tetrahydrofuran (THF) and undecanol and was used as an extraction solvent for the micro
extraction procedure of Cu(II). A supramolecular solvent micro extraction procedure for
copper(II) as its 5-methyl-4-(2-thiazolylazo) resorcinol (5-ME-TAR) complex was
established prior to micro sampling flame atomic absorption spectrometric determination. The
influence of various analytical parameters including pH, solvent type and volume, amount of
5-methyl-4-(2-thiazolylazo) resorcinol, and centrifugation time were investigated. The effects
of certain alkali, alkaline earth, and transition metal ions on the quantitative extraction of
copper(II) were also studied. The proposed supramolecular solvent-based micro extraction
procedure exhibits a limit of detection (LOD) of 1.4 μg L⁻¹ and a limit of quantification
(LOQ) of 4.6 μg L⁻¹. A preconcentration factor of 60 was obtained and the relative standard
deviation was 2.78%. The method was validated by the analysis of certified reference
materials and applied to food, spices, and water samples.

21. PRIKRYL Jan et al. : Tracing olivine carbonation and serpentinization in CO2-rich
fluids via magnesium exchange and isotopic fractionation. Geochim. Cosmochim. Acta 243,
2018, 133-148. [jap5@hi.is]

Chemical exchange between seawater and the oceanic crust is thought to play a
significant role in the regulation of the global magnesium (Mg) cycle, yet relatively little is
known about the rates and mechanisms of Mg exchange in these crustal environments. In this
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experimentally

characterize

the

extent,

and

nature,

of

Mg isotope fractionation during the carbonation and serpentinization of olivine (one of the
principal minerals found in ultramafic rocks) under hydrothermal conditions. Olivine
alteration was found to be incongruent, with the reactant fluid composition varying according
to the extent of olivine dissolution and the precipitation of secondary minerals. In mildly acid
water (pH ∼ 6.5), olivine dissolved to form Mg-Fe carbonate solid solutions and minor
chrysotile. Upon carbonation and a decrease of CO2 in the water, the pH increased to >8, with
chrysotile and brucite becoming the dominant alteration minerals. The Mg-rich carbonates
preferentially incorporated lighter Mg isotopes, resulting in a ∼0.5‰ increase of the δ26Mg
composition of the fluid relative to olivine during the initial carbonation and serpentinization
reactions. This was followed by a decrease in δ26Mg under higher pH conditions associated
with the formation of brucite. Our experimental and modelling results therefore demonstrate
that the δ26Mg composition of fluids involved in olivine alteration reflect the type and
quantity of secondary Mg minerals formed, which in turn depend on the pH and
CO2 concentration of the water. Comparison of these results with natural groundwaters and
geothermal waters from basaltic terrains indicate that the δ26Mg composition of natural
waters are likely to also be controlled by mafic rock dissolution and the preferential
incorporation of isotopically light Mg into carbonates and isotopically heavy Mg into Mg-Si
minerals. Together, these findings improve our understanding of Mg isotope systematics
during water-rock interaction, and suggest that δ26Mg may be a useful tool for tracing
reactions that are critical to geological CO2 sequestration.

22. RADER Shelby T. et al. : Mineralogical thallium geochemistry and isotope variations
from igneous, metamorphic, and metasomatic systems. Geochim. Cosmochim. Acta 243,
2018, 42-65. [Shelby_rader@umi.edu]

This study presents new thallium (Tl) concentration and isotopic composition data
for potassium feldspar (K-feldspar), micas, sulfides, and other minerals using solution multicollector inductively-coupled plasma mass spectrometry (MC-ICP-MS). The samples studied
represent a diverse set of igneous, metamorphic, and metasomatic rock types. Purified
separates of minerals anticipated to be Tl-bearing were analyzed; in many cases coexisting
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minerals were measured to examine the distribution of Tl and its isotopes between coexisting
phases. This study is the first of its kind to document mineralogical controls on Tl chemical
and isotopic fractionation. Thallium contents in rock-forming minerals and common sulfides
vary from below detection limit (here, approximately 0.2 ppm Tl in the mineral utilizing an
IsoProbe MC-ICP-MS) to 3200 ppm. In this present study, mica and feldspar samples can
reach Tl concentrations well over 20 ppm, compared to only 0.7 ppm in average crust. In
contrast, only 14 of 38 common sulfide samples contain Tl at levels above the detection limit.
Measured Tl isotope ratios, reported as ε205Tl relative to the NIST 997 standard solution,
range from −12.1 ± 0.6 to +18.0 ±1.4 (2σ). Most samples analyzed fall within the published
range of ε205Tl (−20 to +15) (Nielsen et al., 2017). Although most sulfides show limited
Tl enrichment, they display the highest ε205Tl values among coexisting minerals, with Ferich micas having the lowest ε205Tl values. The patterns in enrichment are best interpreted to
reflect crystal chemical differences and the incompatible, dominantly lithophile nature of Tl.
In turn, isotopic fractionation also reflects control by the bonding environment as well
as redox conditions. The preferential distribution of Tl into micas and K-feldspar found here
is consistent with the similarity in charge and ionic radius of Tl+ and K+. The higher ε205Tl
values in sulfides agree with previous observations and theoretical studies showing the
tendency of covalent bonds, high bond strengths, and high oxidation states to favor heavy
isotopes. This work highlights important areas for future research regarding the natural
weathering of Tl-bearing substrates, understanding regional cycling of Tl, and
potential bioremediation of Tl contamination.

23. RAMOS Santiago Danielle P. et al. : Reverse weathering in marine sediments and the
geochemical cycle of potassium in seawater : Insights from the K isotopic composition
(41K/39K) of deep-sea pore-fluids. Geochim. Cosmochim. Acta 236, 2018, 99-120.
[dpramos@princeton.edu]
In situ Al-silicate formation, also known as “reverse weathering,” is an important sink
of many of the major and minor cations in seawater (e.g. Mg, K, and Li). However, the
importance of this sink in global geochemical cycles and isotopic budgets of these elements
remains poorly constrained. Here, we report on the potassium isotopic composition (41K/39K)
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of deep-sea sediment pore-fluids from four (Integrated) Ocean Drilling Program sites (1052,
U1378, U1395 and U1403) to characterize potassium isotopic fractionation associated with
the formation of authigenic Al-silicate minerals in marine sediments and its role in elevating
the 41K/39K of seawater relative to bulk silicate Earth. Isotopic ratios are obtained by highresolution multi-collector inductively coupled plasma mass spectrometry (MC-ICP-MS)
in cold plasma conditions with a long-term external reproducibility of ca. 0.17‰. We find
that, although all sites are characterized by pore-fluid K concentrations that decline with
increasing depth, their K isotopic profiles vary systematically from site-to-site; at sites
characterized by rapid sedimentation rates, pore-fluid profiles of 41K/39K are relatively
invariant whereas at sites characterized by slow sedimentation rates, 41K/39K declines with
depth by up to 1.8‰. Results from 1-D diffusion-advection-reaction models suggest that
these differences may result from a complex interplay between sedimentation rate and
fractionation of K isotopes during diffusion, Al-silicate authigenesis, and ion exchange.
Model simulations suggest fractionation factors between 0.9980 and 1.0000 for reverse
weathering reactions in deep-sea sediments. Although deep-sea sites do not constitute major
sinks of K in seawater, some of the processes responsible for K isotopic fractionation at these
sites (diffusion and Al-silicate authigenesis) likely play a role in determining the 41K/39K of
seawater.

24. REDDY M. A., SHEKHAR R. and KUMAR Sunil Jai : Characterization of ultrapure
germanium (9N) using a wet chemical method for ICP-QMS and HR-CS-GFAAS analysis.
At. Spectr. 40(1), 2019, 1-10. [sbekbar_rapartbi@rediffmail.com]

A wet chemical method is reported to characterize ultrapure germanium (Ge) of 9N
(99.9999999%) purity. In this method, matrix germanium is separated from all its impurities
with a matrix volatilization procedure. Chlorine gas is generated in situ and reacts with Ge
solid material directly at the temperature of 230 ± 5°C and separates the Ge matrix as volatile
GeCl 4 from all its impurities. Further modifications were done to the matrix volatilization
setup earlier used for 8N pure Ge to further control the contamination of the atmospheric
gases to the 9N pure Ge sample during the different stages of matrix volatilization. After
modifications, the method provides sub parts per billion and parts per trillion levels of process
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blanks and extremely low limits of detection. More than 60 elements were examined for their
separation from the Ge matrix using the proposed method and found to be quantitatively
separated. Determination of impurity concentrations was performed by inductively coupled
plasma quadrupole mass spectrometer (ICP-QMS) and high resolution continuum source
graphite furnace atomic absorption spectrometer (HR-CS-GFAAS). In the absence of
certified reference materials for ultrapure Ge, accuracy of the present method was established
by spike recovery tests. Precision of this method was between 4 to 10% for impurity
concentrations from 0.28 to 0.011 ng g⁻¹. Limits of detection (LOD) were found between 4.6–
0.005 ng mL⁻¹ or 1.4–0.002 ng g⁻¹ for the target analytes. The wet chemical method was
found to be useful for the characterization of ultrapure Ge material of 9N purity.

25. SO Helle Ugilt et al. : Arsenite adsorption controlled by the iron oxide content of
Holocene red river aquifer sediment. Geochim. Cosmochim. Acta 239, 2018, 61-73.
[hus@geus.dk]

The adsorption of As(III) onto reduced sediment from Holocene aquifers in the Red
River floodplain, Vietnam, was studied in batch experiments under strict anoxic
conditions using sandy sediments from four different sites with a sediment burial age between
600 and 3500 years. Sediments containing the highest content of Fe-oxide showed the highest
As(III) adsorption capacity. Removal of the Fe-oxides from the sediment by reductive
dissolution significantly reduced the As(III) adsorption capacity of the residual sediment.
Normalizing the adsorption of As(III) to the amount of Fe-oxides in the untreated sediments
resulted in almost identical adsorption isotherms. We therefore conclude that Fe-oxides are
the main adsorbents for As(III) in these reduced aquifer sediments. However, the properties
of the sedimentary Fe-oxides are different from those of synthetic Fe-oxides since we found
that adsorbed As(III) is not displaced by phosphate and neither is the adsorption of As(III)
influenced by changes in pH between 6.2 and 7.5. In the absence of competition for surface
sites,

As(III)

adsorption

onto

aquifer

sediment

can

be

described

by

a

Langmuir isotherm normalized to the amount of Fe-oxides present in the sediment. The
finding that the As(III) adsorption capacity depends on the Fe-oxide content of the sediment
implies that the As(III) sorption capacity will decrease over time because of reductive
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dissolution of Fe-oxides, which again is coupled to the burial age of the sediment. In
consequence, reactive transport models need to include how aquifer properties, like sorption
capacity, change as a function of the extent of chemical reaction.

26. TING Lin et al. : Rapid Determination of boron in 61 soil, sediment, and rock reference
Materials by ICP-MS. At. Spectr. 40(2), 2019, 55-62. [niq1981@163.com]

Boron (B) is an important geochemical tracer for environmental and geological
studies. This study presents a rapid acid digestion method with ammonia dilution to detect
boron in soil, sediment, and rock samples using inductively coupled plasma mass
spectrometry (ICP-MS). It took only 30 minutes of digestion time to completely recover B in
50 mg of soil (GSS-7), sediment (GSD-18), and rock (GSR-2) reference materials at a high
digestion temperature of 190°C using 1 mL HNO3 and 1 mL HF in a PTFE-lined stainless
steel bomb. No loss of B was found at a digestion temperature of 190°C for 30 hours. The
well known memory effect of B was eliminated by using an ammonia dilution method.
Moreover, the alkaline sample solutions created by ammonia dilution also avoided the
corrosiveness of HF in the ICP-MS sample introduction system. Rhodium is a more suitable
internal standard element than In and Y in the alkaline medium. Compared to the standard
sample cone + H skimmer cone (S + H cone), the standard sample cone + X skimmer cone (S
+ X cone) increases the sensitivity of B by a factor of 7.0–8.2 in ICP-MS. The proposed
method was successfully applied for the rapid determination of B in soil, sediment, and rock
reference materials.

27. XU Tingying et al. : Response of interfacial water to arsenate adsorption on corundum (0
0 1) surfaces: effects of pH and adsorbate surface coverage. Geochim. Cosmochim. Acta 239,
2018, 198-212. [catalano@eps.wustl.edu]

The interaction of water with metal oxide mineral surfaces affects chemical reactions
that are important to many natural processes. Previous studies demonstrate that the
various functional groups on mineral surfaces control ion adsorption as well as the ordering
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of interfacial water, but the effect of water structure on the reactivity and dynamics of
interfacial reactions has not been systematically investigated. In this study, surface X-ray
scattering measurements on corundum (0 0 1) surfaces with and without arsenate over a range
of pH conditions have been used to determine the response of interfacial water structure to
arsenate adsorption. In the absence of arsenate, the structure of interfacial water near this
surface varies little over the pH range of 5–9, suggesting that surface charging from
protonation-deprotonation under the conditions studied is inadequate to induce extensive
restructuring. In contrast, interfacial water undergoes substantial restructuring upon arsenate
adsorption, indicating that charged surface complexes substantially perturb the arrangement
and order of interfacial water on this surface. The overall interfacial water structure also
varies proportionally with arsenate surface coverage, with adsorbed water layers moving
closer to the surface and the extended layering of interfacial water showing reduced positional
disorder as arsenate surface coverage increases. Systematic variations in interfacial water
properties with increasing arsenate concentration at each pH value are consistent with
the coexistence of two distinct water structures (in the absence and presence of adsorbed
arsenate) that vary in proportion with adsorbate surface coverage. These observations
demonstrate that the adsorption of arsenate alters the structure of interfacial water near
corundum (0 0 1) surfaces, possibly through the modification of the charge state of surface
sites or by providing new sites to which water may hydrogen bond. Such adsorbate induced
restructuring of interfacial water may contribute to the energetics of chemical reactions at
mineral-water interfaces.

28. YANG Ziming et al. : Effect of iron-containing minerals on hydrothermal reactions of
ketones. Geochim. Cosmochim. Acta 239, 2018, 107-126. [zimingyang@oakland.edu]

Hydrothermal organic transformations occurring in geochemical processes are
influenced by the surrounding environments including rocks and minerals. This work is
focused on the effects of five common minerals on reactions of a model ketone substrate,
dibenzylketone (DBK), in an experimental hydrothermal system. Ketones play a central role
in

many

hydrothermal

organic functional
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converting hydrocarbons to oxygenated compounds; however, how these minerals control the
hydrothermal chemistry of ketones is poorly understood. Under the hydrothermal conditions
of 300 °C and 70 MPa for up to 168 h, we observed that, while quartz (SiO2)
and corundum (Al2O3) had no detectable effect on the hydrothermal reactions of DBK, ironcontaining minerals, such as hematite (Fe2O3), magnetite (Fe3O4), and troilite (synthetic FeS),
accelerated the reaction of DBK by up to an order of magnitude. We observed
that fragmentation products, such as toluene and bibenzyl, dominated in the presence of
hematite or magnetite, while use of troilite gave primarily the reduction products, e.g., 1, 3diphenyl-propane and 1, 3-diphenyl-2-propanol. The roles of the three iron minerals in these
transformations were further explored by (1) control experiments with various mineral
surface areas, (2) measuring H2 in hydrothermal solutions, and (3) determining hydrogen
balance among the organic products. These results suggest the reactions catalyzed by iron
oxides (hematite and magnetite) are promoted mainly by the mineral surfaces, whereas
the sulfide mineral (troilite) facilitated the reduction of ketone in the reaction solution.
Therefore, this work not only provides a useful chemical approach to study and uncover
complicated hydrothermal organic-mineral interactions, but also fosters a mechanistic
understanding of ketone reactions in the deep carbon cycle.

GEOPHYSICS, SOLID EARTH

29. CLINE C. J. II et al. : Redox-influenced seismic properties of upper mantle olivine.
Nature 555(7696), 2018, 355-358. [christopher.cline@anu.edu.au]

Lateral variations of seismic wave speeds and attenuation (dissipation of strain
energy) in the Earth’s upper mantle have the potential to map key characteristics such as
temperature, major-element composition, melt fraction and water content. The inversion of
these data into meaningful representations of physical properties requires a robust
understanding of the micromechanical processes that affect the propagation of seismic waves.
Structurally bound water (hydroxyl) is believed to affect seismic properties but this has yet to
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be experimentally quantified. Here we present a comprehensive low-frequency forcedoscillation assessment of the seismic properties of olivine as a function of water content
within the under-saturated regime that is relevant to the Earth’s interior. Our results
demonstrate that wave speeds and attenuation are in fact strikingly insensitive to water
content. Rather, the redox conditions imposed by the choice of metal sleeving, and the
associated defect chemistry, appear to have a substantial influence on the seismic properties.
These findings suggest that elevated water contents are not responsible for low-velocity or
high-attenuation structures in the upper mantle. Instead, the high attenuation observed in
hydrous and oxidized regions of the upper mantle (such as above subduction zones) may
reflect the prevailing oxygen fugacity. In addition, these data provide no support for the
hypothesis whereby a sharp lithosphere–asthenosphere boundary is explained by enhanced
grain boundary sliding in the presence of water.

30. IRIFUNE Tetsuo and OHUCHI Tomohiro : Oxidation softens mantle rocks. Nature
555(7696), 2018, 314-315. [irifune@dpc.ehime-u.ac.jp]

The outermost layer of the solid Earth is divided into tectonic plates that move around
on a region of the upper mantle called the asthenosphere. Seismic waves from earthquakes
travel through the asthenosphere at relatively low speeds, and are highly attenuated as a result
of energy dissipation, a property known as anelastic behaviour. These seismic characteristics
are usually associated with low viscosity (a ‘softening’) in the mantle rock peridotite. In a
paper in Nature, Cline et al. 2 demonstrate for the first time that this softening is influenced
by oxidation conditions — a result that could have major implications for our understanding
of the upper mantle. The softening of peridotite in the asthenosphere was initially thought to
be caused by small amounts of melted material3. Such material would act as a lubricant
between crystals of the mineral olivine that are abundant in peridotite (Fig. 1). However, in
the 1990s, it was shown that this effect is limited to particularly warm regions of the mantle,
such as beneath the volcanoes that occur along mid-ocean ridges, where melted material is
abundant enough to form interconnected networks.
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31. LIU Jingao et al. : A reconnaissance view of tungsten reservoirs in some crustal and
mantle rocks: Implications for interpreting W isotopic compositions and crust-mantle W
cycling. Geochim. Cosmochim. Acta 223, 2018, 300-318. [jingao@cugb.edu.cn]

High-precision measurements of W isotopic ratios have enabled increased exploration
of early Earth processes. However, when applying W isotopic data to understand
the geological processes, it is critical to recognize the potential mobility of W and hence
evaluate whether measured W contents and isotopic compositions reflect the primary
petrogenetic processes or instead are influenced by the effects of secondary inputs/mobility.
Furthermore, if we are to better understand how W is partitioned between different minerals
during melting and metasomatic processes it is important to document the likely sinks for W
during these processes. In addition, an understanding of the main hosts for W in the crust and
mantle is critically important to constrain how W is cycled and stored in the crustmantle geochemical cycle. As a first step to investigate these issues, we have carried out in
situ concentration measurements of W and other HFSEs in mineral phases within a broad
spectrum of crustal and mantle rocks, along with whole-rock concentration measurements.
Mass balance shows that for tonalitic gneiss and amphibolite, the major rock-forming
minerals can adequately account for the bulk W budget, and for the pristine ultramafic
rocks, olivine and orthopyroxene are the major controlling phases for W whereas for
metasomatized ultramafic rocks, significant W is hosted in Ti-bearing trace phases
(e.g., rutile, lindsleyite) along grain boundaries or is inferred to reside in cryptic W-bearing
trace phases. Formation or decomposition of these phases during secondary processes could
cause fractionation of W from other HFSEs, and also dramatically modify bulk W
concentrations in rocks. For rocks that experienced subsequent W enrichment/alteration, their
W isotopic compositions may not necessarily represent their mantle sources, but could reflect
later inputs. The relatively small suite of rocks analyzed here serves as a reconnaissance study
but allows some preliminary speculations on their significance for crust-mantle HFSE
and siderophile element budgets – to be tested in future studies. The significant concentration
of W, as well as Nb and Ta hosted in rutile and titanite has interesting implications for the
budget of W during crust-mantle recycling. Crust-mantle recycling models invoking the
recycling of rutile-bearing eclogites to satisfy the mantle Nb/Ta ratio carry the penalty that
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the very high W/U and W/Th ratios of these rocks results in a concomitant large deviation
from the primitive mantle-like ratios estimated for bulk continental crust. Similarly, data from
the single amphibolite sample investigated in this study are inconsistent with models
implicating the partial melting of amphibolite-bearing subducted slabs as a major process for
formation of continental crust in the Earth’s early history. Either the current widely accepted
estimates for bulk continental crust W/U and W/Th ratios are in error, or partial melting or
other processes lowers the W/U or W/Th of melt residues during their return to the mantle.
The present small dataset cannot properly evaluate this, requiring further investigation.
Finally, the lithospheric mantle has the potential to store substantial amounts of W, for
example via infiltration by W-rich melts/fluids, and thus may act as a source for
W mineralization in the crust.

32. SVERJENSKY Dimitri A. : Thermodynamic modelling of fluids from surficial to
mantle conditions. J. Geol. Soc. 176(2), 2019, 348-374. [sver@jhu.edu]

Carbon is subducted to depths where metamorphism liberates water-bearing fluids.
The C-bearing fluids facilitate partial melting of the upper mantle, generating magmas that
may erupt as arc volcanics. Degassing of the magmas releases CO2 and other volatile species
to the atmosphere. Over geological time, this process contributes to the composition of the
atmosphere and planetary habitability. Here I summarize the background needed to carry out
theoretical geochemical modelling of fluids and fluid–rock interactions from surficial
conditions into the upper mantle. A description of the general criteria for predicting
equilibrium and non-equilibrium chemical reactions is followed by a summary of how the
thermodynamic activities of species are related to measurable concentrations through
standard states and activity coefficients. Specific examples at ambient conditions involving
dilute water are detailed. The concept of aqueous speciation and how it can be calculated
arises from this discussion. Next, I discuss how to calculate standard Gibbs free energies and
aqueous activity coefficients at elevated temperatures and pressures. The revised Helgeson–
Kirkham–Flowers equations of state are summarized and the revised predictive correlations
for the estimation of equation of state coefficients in the Deep Earth Water (DEW) model are
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presented. Finally, the DEW model is applied to the solubility and speciation of aqueous
aluminium.

33. WILLIAMS Curtis D. and MUKHOPADHYAY Sujoy : Capture of nebular gases
during Earth’s accretion is preserved in deep-mantle neon. Nature 565(7737), 2019, 78-81.
[cdwill@ucdavis.edu]

Evidence for the capture of nebular gases by planetary interiors would place important
constraints on models of planet formation. These constraints include accretion timescales,
thermal evolution, volatile compositions and planetary redox states. Retention of nebular
gases by planetary interiors also constrains the dynamics of outgassing and volatile loss
associated with the assembly and ensuing evolution of terrestrial planets. But evidence for
such gases in Earth’s interior remains controversial. The ratio of the two primordial neon
isotopes, 20Ne/22Ne, is significantly different for the three potential sources of Earth’s
volatiles: nebular gas15, solar-wind-irradiated material16 and CI chondrites17. Therefore,
the 20Ne/22Ne ratio is a powerful tool for assessing the source of volatiles in Earth’s interior.
Here we present neon isotope measurements from deep mantle plumes that reveal 20Ne/22Ne
ratios of up to 13.03 ± 0.04 (2 standard deviations). These ratios are demonstrably higher than
those for solar-wind-irradiated material and CI chondrites, requiring the presence of nebular
neon in the deep mantle. Furthermore, we determine a 20Ne/22Ne ratio for the primordial
plume mantle of 13.23 ± 0.22 (2 standard deviations), which is indistinguishable from the
nebular ratio, providing robust evidence for a reservoir of nebular gas preserved in the deep
mantle today. The acquisition of nebular gases requires planetary embryos to grow to
sufficiently large mass before the dissipation of the protoplanetary disk. Our observations also
indicate distinct 20Ne/22Ne ratios between deep mantle plumes and mid-ocean-ridge basalts,
which is best explained by addition of a chondritic component to the shallower mantle during
the main phase of Earth’s accretion and by subsequent recycling of seawater-derived neon in
plate tectonic processes.
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GLACIOLOGY

34. ANDREWS Lauren C. : Greenland’s subglacial methane released. Nature 565(7737),
2019, 31-32. [lauren.c.andrews@nasa.gov]

Methane produced in sediments beneath the Greenland Ice Sheet is released to the
atmosphere by meltwater in the summer. This suggests that glacial melt could be an important
global source of this greenhouse gas.

35. GAGNON Guillaume Lamarche et al. : Greenland melt drives continuous export of
methane from the ice-sheet bed. Nature 565(7737), 2019, 73-77. [guillaume.lg@bristol.ac.uk]

Ice sheets are currently ignored in global methane budgets. Although ice sheets have
been proposed to contain large reserves of methane that may contribute to a rise in
atmospheric methane concentration if released during periods of rapid ice retreat, no data
exist on the current methane footprint of ice sheets. Here we find that subglacially produced
methane is rapidly driven to the ice margin by the efficient drainage system of a subglacial
catchment of the Greenland ice sheet. We report the continuous export of methanesupersaturated waters (CH4(aq)) from the ice-sheet bed during the melt season. Pulses of high
CH4(aq) concentration coincide with supraglacially forced subglacial flushing events,
confirming a subglacial source and highlighting the influence of melt on methane export.
Sustained methane fluxes over the melt season are indicative of subglacial methane reserves
that exceed methane export, with an estimated 6.3 tonnes (discharge-weighted mean; range
from 2.4 to 11 tonnes) of CH4(aq) transported laterally from the ice-sheet bed. Stable-isotope
analyses reveal a microbial origin for methane, probably from a mixture of inorganic and
ancient organic carbon buried beneath the ice. We show that subglacial hydrology is crucial
for controlling methane fluxes from the ice sheet, with efficient drainage limiting the extent
of methane oxidation to about 17 per cent of methane exported. Atmospheric evasion is the
main methane sink once runoff reaches the ice margin, with estimated diffusive fluxes (4.4 to
28 millimoles of CH4 per square metre per day) rivalling that of major world rivers. Overall,
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our results indicate that ice sheets overlie extensive, biologically active methanogenic
wetlands and that high rates of methane export to the atmosphere can occur via efficient
subglacial drainage pathways. Our findings suggest that such environments have been
previously underappreciated and should be considered in Earth’s methane budget.

HYDROGEOLOGY

36. FORDYCE F. M. et al. : Assessing threats to shallow groundwater quality from soil
pollutants in Glasgow, UK: development of a new screening tool. Earth Environ. Sci. Tr.
Royal Soc. Edinburgh 108(2-3), 2017, 173-190. [fmf@bgs.ac.uk]

A new GIS-based screening tool to assess threats to shallow groundwater quality has
been trialled in Glasgow, UK. The Groundwater and Soil Pollutants (GRASP) tool is based
on a British Standard method for assessing the threat from potential leaching of metal
pollutants in unsaturated soil/superficial materials to shallow groundwater, using data on soil
and Quaternary deposit properties, climate and depth to groundwater. GRASP breaks new
ground by also incorporating a new Glasgow-wide soil chemistry dataset. GRASP considers
eight metals, including chromium, lead and nickel at 1622 soil sample locations. The final
output is a map to aid urban management, which highlights areas where shallow groundwater
quality may be at risk from current and future surface pollutants. The tool indicated that 13%
of soil sample sites in Glasgow present a very high potential threat to groundwater quality,
due largely to shallow groundwater depths and high soil metal concentrations. Initial attempts
to validate GRASP revealed partial spatial coincidence between the GRASP threat ranks
(low, moderate, high and very high) and groundwater chemistry, with statistical correlation
between areas of high soil and groundwater metal concentrations for both Cr and Cu (r 2 >
0.152; P < 0.05). Validation was hampered by a lack of, and inconsistency in, existing
groundwater chemistry data. To address this, standardised subsurface data collection
networks have been trialled recently in Glasgow. It is recommended that, once available, new
groundwater depth and chemistry information from these networks is used to validate the
GRASP model further.
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37. VON DER HEYDEN Bjorn P. et al. : Geochemistry of A1 and Fe in freshwater and
coastal water colloids from the west coast of Southern Africa. Geochim. Cosmochim. Acta
241, 2018, 56-68. [bvon@sun.ac.za]

Suspended iron-rich colloids play an important role in nutrient and contaminant
transport in fluvial systems, and may ultimately provide an important source of Fe which is
required for marine biological productivity. Despite being fundamental to Fe colloid
behaviour in biogeochemical systems, the physical and chemical characteristics of these
colloids are poorly constrained, especially at the molecular level. Here we combine traditional
chemical

extraction

techniques

with X-ray

Absorption Near-edge

Structure

(XANES) spectroscopy to investigate and compare the bulk and molecular-level speciation of
Fe and Al in suspended colloids from fluvial (Berg, Olifants and Orange Rivers) and marine
sampling sites on the western margin of Southern Africa. The bulk extraction methodology
shows a variable distribution of Fe among five different operationally-defined Fe pools, yet
our spectroscopy results reveal that the majority of particles in the 10 nm–4 µm size fraction
do not match crystalline or residual Fe spectral signatures and are thus likely to be poorlycrystalline. Aluminium K-edge XANES reveals that the Al coordination environment in
aquatic colloids is diverse (e.g., relative to oxo ligands, the number of coordinated
OH− ligands ranges between 0 and 6), and that the smallest sized colloids are always highly
hydroxylated (i.e., their coordination environment is similar to Al in Al(OH) 3 or 1:1 clays).
The Al XANES further reveals a common association between Al and Fe-rich colloids, where
the average measured Al/Fe ratio is 0.10 (±0.09) among all the particles measured in this
study. The Al that co-occurs with Fe preferentially has a coordination environment similar to
Al in 1:1 clays (i.e., two oxo ligands and four hydroxyl ligands), either further implying the
amorphous nature of the Fe colloids or reflecting Al as surface complexes or as inclusions of
nano-sized Al clusters. The observed high degree of disorder and the presence of Al
association/substitution in iron-rich colloids observed in the Southern African systems will
strongly

influence

the

biogeochemical

behaviour

of

these

colloids

(e.g.,

surface sorption capacity, solubility and dissolution rates). These findings contribute greatly
to our understanding of natural Fe colloid and nanoparticle speciation and are anticipated to
have global relevance to other aquatic systems in which ‘reactive’ or ‘poorly crystalline’
classes of suspended particulate Fe have been identified.
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38. ZHANG Hongbin et al. : East Asian hydroclimate modulated by the position of the
westerlies during Termination I. Science 362(6414), 2018, 580-583. [griffithsm@punj.edu]

Speleothem oxygen isotope records have revolutionized our understanding of the
paleo East Asian monsoon, yet there is fundamental disagreement on what they represent in
terms of the hydroclimate changes. We report a multiproxy speleothem record of monsoon
evolution during the last deglaciation from the middle Yangtze region, which indicates a
wetter central eastern China during North Atlantic cooling episodes, despite the oxygen
isotopic record suggesting a weaker monsoon. We show that this apparent contradiction can
be resolved if the changes are interpreted as a lengthening of the Meiyu rains and shortened
post-Meiyu stage, in accordance with a recent hypothesis. Model simulations support this
interpretation and further reveal the role of the westerlies in communicating the North
Atlantic influence to the East Asian climate.

ISOTOPE GEOCHEMISTRY, GEOCHRONOLOGY

39. ANDREWS M. Grace, and JACOBSON Andrew D. : Controls on the solute
geochemistry of subglacial discharge from the Russell glacier, Greenland ice sheet
determined by radiogenic and stable Sr isotope ratios. Geochim. Cosmochim. Acta 239, 2018,
312-329. [Grace.Andrews@southampton.ac.uk]

We used radiogenic and stable Sr isotope ratios (87Sr/86Sr and δ88/86Sr) to examine
controls on solute acquisition in subglacial discharge from the Russell Glacier, a landterminating lobe of the Greenland Ice Sheet (GrIS) located in western Greenland. The study
focused on two melt seasons in 2014 and 2015. Subglacial discharge 87Sr/86Sr ratios are
13,000 ppm higher than those measured for bedload and suspended sediment digests, and are
more similar to those of bedload sediment leachates. These results point to the preferential
dissolution of minerals with high 87Sr/86Sr ratios. Analyses of mineral separates from bulk
rocks

demonstrate that biotite, chlorite, hornblende,
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high 87Sr/86Sr ratios. Subglacial discharge δ 88/86Sr values are ∼0.10‰ higher than those for
bedload and suspended sediment digests. Isotope fractionation during secondary mineral
formation and/or adsorption cannot account for the difference between subglacial discharge
and bedrock δ88/86Sr values, as suspended and bedload sediment leachates and digests
produced similar δ88/86Sr values and are within the range for bulk silicate Earth. Consistent
with the interpretation of 87Sr/86Sr ratios, we attribute the difference to the preferential
dissolution of minerals with high δ 88/86Sr values. Mineral separates display a wide range of
δ88/86Sr values (∼0.40‰). Those having high δ88/86Sr values include hornblende and Kfeldspar, as well as apatite and titanite. Taken together, the preferential weathering of
predominately silicate minerals explains the Sr isotope geochemistry of subglacial discharge.
Subglacial discharge from the Russell Glacier feeds the proglacial Akuliarusiarsuup Kuua
River (AKR). Along a 32 km transect of the AKR from the GrIS margin toward the coast,
riverine 87Sr/86Sr ratios increase from ∼0.722 to ∼0.747 in an approximately step-wise pattern
that corresponds to point-source inputs of additional subglacial discharge. Major cation
concentrations and 87Sr/86Sr ratios minimally vary along lengths of the transect with no
hydrological inputs. This suggests that proglacial chemical weathering is negligible and likely
does not contribute significantly to GrIS solute fluxes. In general, this study supports the
recent contention that silicate mineral weathering dominates the solute geochemistry of GrIS
subglacial discharge in contrast to valley glaciers, which typically show substantial
contributions from carbonate and sulfide weathering regardless of primary bedrock
composition. Ice sheet subglacial chemical weathering may therefore have a greater impact
on long-term atmospheric CO2 drawdown than previously realized.

40. ARGAPADMI Windeati et al. : Silver Isotopes as a source and transport tracer for gold:
a reconnaissance study at the sheba and new consort gold mines in the Baeberton Greenstone
Belt, Kaapvaal Craton, South Africa.

Econ. Geol. 113(7), 2018, 1553-1570.

[heinrich@erdw.ethz.ch]
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Silver isotopes are a potential tracer for understanding the geochemical enrichment of
gold, which is monoisotopic but occurs in metallic form with silver as a stable alloy
component. This study applies high-precision measurements of silver isotope ratios to two of
the oldest world-class hydrothermal gold vein deposits from the Archean (3.55–3.10 Ga)
Barberton greenstone belt of the Kaapvaal craton in South Africa. Published structuralgeologic and geochronological results show that the hydrothermal gold deposits formed late
in the tectono-metamorphic history of the greenstone belt, well after major crustal
deformation and regional metamorphism, probably postdating even postorogenic granitic
intrusions. Gold is concentrated in extensional brittle-ductile structures, indicating a common
extensional stress field during mineralization. Orebodies occur close to the stratigraphic
contact between older (ultra-)mafic submarine lavas (the Onverwacht Group) and overlying
carbonaceous siltstones and graywackes (the Fig Tree Group), marked by a variably
tectonized former chert. Observations at New Consort (higher temperature, close to granitoid
contact), Fairview, and Sheba (lower temperature in the interior of the greenstone belt)
confirm the structurally late introduction of gold into veins and sulfide replacement
orebodies. Chemical and isotopic analyses were performed on native gold from Barberton, on
two other lode gold deposits and two carbon leader-type samples from the Witwatersrand,
and on native silver from various epithermal silver deposits. All native gold samples contain
significant (1–12 wt %) Ag but only trace levels of other metals such as Cu or Hg. Stepwise
leaching experiments show that native gold is the main carrier of silver even in sulfide-rich
ores. Different gold samples from Barberton yield ε109Ag values (differences in 109Ag/107Ag
relative to NIST SRM 978a in parts per 10,000) from −4.2 ± 0.4 to 3.6 ± 0.4, encompassing
almost the entire range of reported terrestrial Ag isotope variations and all hydrothermal
silver samples. Gold samples from New Consort have negative ε109Ag values, whereas
samples from Sheba have variably positive ε109Ag values. Isotopically different metal sources
of the structurally coeval deposits at Barberton are less likely than a process of isotopic
fractionation during transport and ore deposition. The observed isotopic difference can be
explained by reduction of dissolved Ag+ complexes in the ore fluid to native Ag0 in the gold
alloy. Assuming that the oxidized Ag+(aq) is enriched in the heavy isotope compared with the
reduced metallic form, as in other heavy metal systems, the variation in ε109Ag between the
two deposits can be explained by fractional precipitation of precious metals from a fluid that
enters the greenstone belt from an external source, in line with published geologic arguments.
47

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

Following a Rayleigh distillation model, a first fraction of silver that precipitated close to the
contact of the greenstones against surrounding granitoids is isotopically light, as observed at
New Consort. Residual silver reaching the interior of the greenstone belt eventually
precipitates with a high ε109Ag, as seen at Sheba.

41. CATLOS Elizabeth J. et al. : Nature, age and emplacement of the Spongtang ophiolite,
Ladakh, NW India. J. Geol. Soc. 176(2), 2019, 284-305. [ejcatlos@jsg.utexas.edu]

The Spongtang ophiolite (Ladakh, NW India) constrains the nature of oceanic
lithosphere before Indo-Asia collision and key stages in the development of the Himalayas.
We report whole-rock ⁴⁰Ar/³⁹Ar and in situ zircon ²³⁸U– ²⁰⁶Pb ages from its crustal and upper
and lower mantle sequences. Major and trace elements from harzburgite minerals suggest that
the ophiolite formed at a mid-ocean ridge-type spreading centre, whereas published spinel
compositions from Spongtang dunites are consistent with a suprasubduction-zone setting.
Rare earth element-in-two-pyroxene thermometry for the harzburgite yields 1058 ± 13°C
whereas temperature from solvus-based two-pyroxene and olivine–spinel thermometry is
lower (to 656°C). The distribution suggests that the mantle section of the ophiolite cooled at
rates of 100° Ma⁻¹ or slower. Based on ages, major and trace element geochemistry, and
geospeedometric estimates, we model the origin of the Spongtang ophiolite as forming within
a mid-ocean ridge-type spreading centre with a spreading rate >2 cm a⁻¹ in the Neotethyan
Ocean, possibly from the Late Triassic to Jurassic. By the Early Cretaceous, the ridge
experienced increasing influence of subduction beneath the Spongtang oceanic lithosphere
owing to a subduction polarity reversal. Based on ²³⁸ U– ²⁰⁶Pb ages of the youngest Cenozoic
zircon grain, latest obduction occurred between 64.3 ± 0.8 and 42.4 ± 0.5 Ma, in accordance
with 56.7 ± 5.2 Ma whole-rock ⁴⁰Ar/³⁹Ar ages.

42. CHEN Xinming et al. : Biological effects on uranium isotope fractionation ( 238U/235U) in
primary

biogenic

carbonates.

Geochim.

[xchen147@asu.edu]
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Determining whether U isotopes are fractionated during incorporation into biogenic
carbonates could help to refine the application of 238U/235U in CaCO3 as a robust paleoredox
proxy. Recent laboratory experiments have demonstrated that heavy uranium (U) isotopes
were preferentially incorporated into abiotic aragonite, with an isotope fractionation of
∼0.10‰ (238U/235U). In contrast, no detectable U isotope fractionation has been observed in
most natural primary biogenic carbonates, but the typical measurement precision of these
studies was ±0.10‰ and so could not resolve a fractionation of the magnitude observed in the
laboratory. To resolve this issue, we have developed a high precision 238U/235U method
(±0.02‰, 2 SD) and utilized it to investigate 238U/235U in primary biogenic carbonates
including scleractinian corals, calcareous green and red algae, echinoderms, and molluscs, as
well as ooids from the Bahamas, Gulf of California, and French Polynesia. Our results reveal
that many primary biogenic carbonates indeed fractionate U isotopes during U incorporation,
and that

this

fractionation is

in the same direction as observed

in abiotic

CaCO3 coprecipitation experiments. However, the magnitude of isotope fractionation in
biogenic carbonates is often smaller than that predicted by abiotic CaCO3 coprecipitation
experiments (0.00–0.09‰ vs. 0.11 ± 0.02‰), suggesting that one or more processes suppress
U isotope fractionation during U incorporation into biogenic carbonates. We propose that
closed-system behaviour due to the isolation of the local calcification sites from ambient
seawater, and/or kinetic/disequilibrium isotope fractionation caused by carbonate growth
kinetics, explains this observation. Our results indicate that U isotope fractionation between
biogenic carbonates and seawater might help to constrain U partition coefficients,
carbonate growth rates, or seawater chemistry during coprecipitation.

43. DONG Yunpeng et al.: Geochronology and geochemistry of the yazidaban ophiolitic
melange in Qimantagh : constraints on the Early Paleozoic back-arc basin of the East Kunlun
Orogen,

Northern

Tibetan

Plateau.

J.

Geol.

Soc.

176(2),

2019,

306-322.

[dongyp@nwu.edu.cn]

The East Kunlun Orogenic Belt of the northern Tibetan Plateau can be divided by the
Qimantagh–Xiangride, Aqikekulehu–Kunzhong and Muztagh–Buqingshan sutures into, from
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north to south, the Northern Qimantagh, Central Kunlun and Southern Kunlun belts. The
Yazidabanophiolitic mélange, located in the westernmost region of the Qimantagh–Xiangride
suture between the Northern Qimantagh and Central Kunlun belts, consists predominantly of
serpentinite, basalt, diabase and andesite. The serpentinites are characterized by low total rare
earth element (ΣREE) concentrations and depletion of mid-REEs, showing an ophiolitic
ultramafic affinity. The basalts have low ΣREE concentrations, a slight enrichment in light
REEs, depletion of large ion lithophile elements and insignificant fractionation of high field
strength elements, which are attributed to an incompatible element-enriched mid-ocean ridge
basalt. Both diabases and andesites are characterized by high ΣREE, strong enrichment in
light REEs, depletion of Nb, Ta, P and Ti, and significant fractionation of high field strength
elements. These geochemical characteristics indicate that the diabase and andesite were
mostly generated in a subduction-related setting. Igneous zircons from the diabase yielded
a 206Pb/238U age of 421.5 ± 2.2 Ma (MSWD = 0.44), representing the formation time of the
subduction-related rocks. Together with the regional geology, these constraints on the
ultramafic rock, basalt, andesite and diabase suggest that the Yazidaban ophiolitic mélange
represents the remnants of oceanic crust from a back-arc basin and the associated subductionrelated magmatic rocks.

44. FEAKINS Sarah J. et al. : Dual isotope evidence for sedimentary integration of plant
wax biomarkers across an Andes-Amazon elevation transect. Geochim. Cosmochim. Acta
243, 2018, 64-81. [feakins@usc.edu]

Tropical montane regions tend to have high rates of precipitation, biological
production, erosion, and sediment export, which together move material off the landscape and
toward sedimentary deposits downstream. Plant wax biomarkers can be used to investigate
sourcing of organic matter and are often used as proxies to reconstruct past climate and
environment in sedimentary deposits. To understand how plant waxes are sourced within a
wet, tropical montane catchment, we measure the stable C and H isotope composition (δ13C
and δD) of n-alkanes and n-alkanoic acids in soils along an elevation transect and from
sediments within the Madre de Dios River network along the eastern flank of the Peruvian
Andes, draining an area of 75,400 km2 and 6 km of elevation. Soils yield systematic trends in
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plant wax δ13C (+1.75 and +1.31‰ km−1, for the C29 n-alkanes and C30 n-alkanoic acids
respectively in the mineral horizon) and δD values (−10 and −12‰ km−1, respectively)
across a 3.5 km elevation transect, which approximates trends previously reported from
canopy leaves, though we find offsets between δ13C values in plants and soils. River
suspended sediments generally follow soil isotopic gradients defined by catchment elevations
(δ13C: +1.03 and +0.99‰ km−1 and δD: −10 to −7‰ km−1, for the C29 n-alkanes and
C30 n-alkanoic acids respectively) in the wet season, with a lowering in the dry season that is
less well-constrained. In a few rivers suspended sediments, petrogenic contributions and
depth-sorting influence the n-alkane δ13C signal. Our dual isotope, dual compound class and
seasonal sampling approach reveals no Andean-dominance in plant wax export, and instead
that the sourcing of plant waxes in this very wet, forested catchment approximates that
expected for spatial integration of the upstream catchment, thus with a lowland dominance on
areal basis, guiding paleoenvironmental reconstructions in tropical montane regions. The dual
isotope approach provides a cross-check on the altitudinal signals and can resolve ambiguity
such as might be associated with vegetation change or aridity in paleoclimate records.
Further, the altitude effect encoded within plant waxes presents a novel dual-isotope
biomarker approach to paleoaltimetry.

45. FLANNERY David T. et al. : Spatially-resolved isotopic study of carbon trapped in
~3.43 Ga Strelley pool formation stromatolites. Geochim. Cosmochim. Acta 239, 2018, 2135. [flannery@jpl.nasa.gov]

The

large

isotopic fractionation of

carbon

associated

with

enzymatic

carbon assimilation allows evidence for life’s antiquity, and potentially the early operation of
several extant metabolic pathways, to be derived from the stable carbon isotope record of
sedimentary rocks. Earth’s organic carbon isotope record extends to the Late Eoarchean-Early
Paleoarchean:

the

age

of

the

oldest

known

sedimentary

rocks.

However,

complementary inorganic carbon reservoirs are poorly represented in the oldest units, and
commonly reported bulk organic carbon isotope measurements do not capture the micro-scale
isotopic heterogeneities that are increasingly reported from younger rocks. Here, we
investigated the isotopic composition of the oldest paired occurrences of sedimentary
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carbonate and organic matter, which are preserved as dolomite and kerogen within textural
biosignatures of the ∼3.43 Ga Strelley Pool Formation. We targeted least-altered carbonate
phases in situ using microsampling techniques guided by non-destructive elemental mapping.
Organic carbon isotope values were measured by spatially-resolved bulk analyses, and in
situ using secondary ion mass spectrometry to target microscale domains of organic material
trapped within inorganic carbon matrixes. Total observed fractionation of 13C ranges from
−29 to −45‰. Our data are consistent with studies of younger Archean rocks that host
biogenic stromatolites and organic–inorganic carbon pairs showing greater fractionation than
expected for Rubisco fixation alone. We conclude that organic matter was fixed and/or
remobilized by at least one metabolism in addition to the CBB cycle, possibly by the WoodLjungdahl pathway or methanogenesis-methanotrophy, in a shallow-water marine
environment during the Paleoarchean.

46. GORING - HARFORD Heather J. et al. : Behaviour of chromium isotopes in the
eastern sub-tropical atlantic Oxygen Minimum Zone. Geochim. Cosmochim. Acta 236, 2018,
41-59. [h.j.goring-harford@soton.ac.uk]

Constraints on the variability of chromium (Cr) isotopic compositions in the modern
ocean are required to validate the use of Cr isotopic signatures in ancient authigenic marine
sediments for reconstructing past levels of atmospheric and ocean oxygenation. This study
presents dissolved Cr concentrations (CrT, where CrT = Cr(VI) + Cr(III)) and Cr isotope data
(δ53Cr) for shelf, slope and open ocean waters within the oxygen minimum zone (OMZ) of
the eastern sub-tropical Atlantic Ocean. Although dissolved oxygen concentrations were as
low as 44–90 μmol kg−1 in the core of the OMZ, there was no evidence for removal of Cr(VI).
Nonetheless, there was significant variability in seawater δ53Cr, with values ranging from
1.08 to 1.72‰. Shelf CrT concentrations were slightly lower (2.21 ± 0.07 nmol kg −1) than in
open ocean waters at the same water depth (between 0 and 160 m, 2.48 ± 0.07 nmol kg −1). The
shelf waters also had higher δ53Cr values (1.41 ± 0.14‰ compared to 1.18 ± 0.05‰ for open
ocean waters shallower than 160 m). This is consistent with partial reduction of Cr(VI) to
Cr(III), with subsequent removal of isotopically light Cr(III) onto biogenic particles. We also
provide evidence for input of relatively isotopically heavy Cr from sediments on the
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shelf. Intermediate and deep water masses (AAIW and NADW) show a rather limited range
of δ53Cr values (1.19 ± 0.09‰) and inputs of Cr from remineralisation of organic material or
re-oxidation of Cr(III) appear to be minimal. Authigenic marine precipitates deposited in deep
water in the open ocean therefore have the potential to faithfully record seawater δ 53Cr,
whereas archives of seawater δ53Cr derived from shelf sediments must be interpreted with
caution.

47. KODOLANYI Janos et al. : Iron and nickel isotope compositions of presolar silicon
carbide grains from supernovae. Geochim. Cosmochim. Acta 221, 2018, 127-144.
[j.kodolanyi@mpic.de]

We report the carbon, silicon, iron, and nickel isotope compositions of twenty-five
presolar

SiC

grains

of

mostly supernova (SN)

origin.

The

iron

and

nickel isotope compositions were measured with the new Chicago Instrument for Laser
Ionization, CHILI, which allows the analysis of all iron and nickel isotopes without the
isobaric interferences that plagued previous measurements with the Nano SIMS. Despite
terrestrial

iron

and

nickel contamination,

significant

isotopic anomalies in 54Fe/56Fe, 57Fe/56Fe, 60Ni/58Ni, 61Ni/58Ni, 62Ni/58Ni, and 64Ni/58Ni were
detected in nine SN grains (of type X). Combined multi-isotope data of three grains with the
largest nickel isotope anomalies (>100‰ or <−100‰ in at least one isotope ratio, when
expressed as deviation from the solar value) are compared with the predictions of two SN
models, one with and one without hydrogen ingestion in the He shell prior to SN explosion.
One grain’s carbon-silicon-iron-nickel isotope composition is consistent with the prediction
of the model without hydrogen ingestion, whereas the other two grains’ isotope anomalies
could not be reproduced using either SN models. The discrepancies between the measured
isotope compositions and model predictions may indicate element fractionation in the
SN ejecta prior to or during grain condensation, and reiterate the need for three-dimensional
SN models.
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48. RADER Shelby T. et al. : Mineralogical thallium geochemistry and isotope variations
from igneous, metamorphic, and metasomatic systems. Geochim. Cosmochim. Acta 243,
2018, 42-65. [Shelby_rader@umi.edu]
This study presents new thallium (Tl) concentration and isotopic composition data
for potassium feldspar (K-feldspar), micas, sulfides, and other minerals using solution multicollector inductively-coupled plasma mass spectrometry (MC-ICP-MS). The samples studied
represent a diverse set of igneous, metamorphic, and metasomatic rock types. Purified
separates of minerals anticipated to be Tl-bearing were analyzed; in many cases coexisting
minerals were measured to examine the distribution of Tl and its isotopes between coexisting
phases. This study is the first of its kind to document mineralogical controls on Tl chemical
and isotopic fractionation. Thallium contents in rock-forming minerals and common sulfides
vary from below detection limit (here, approximately 0.2 ppm Tl in the mineral utilizing an
IsoProbe MC-ICP-MS) to 3200 ppm. In this present study, mica and feldspar samples can
reach Tl concentrations well over 20 ppm, compared to only 0.7 ppm in average crust. In
contrast, only 14 of 38 common sulfide samples contain Tl at levels above the detection limit.
Measured Tl isotope ratios, reported as ε205Tl relative to the NIST 997 standard solution,
range from −12.1 ± 0.6 to +18.0 ±1.4 (2σ). Most samples analyzed fall within the published
range of ε205Tl (−20 to +15) (Nielsen et al., 2017). Although most sulfides show limited
Tl enrichment, they display the highest ε205Tl values among coexisting minerals, with Fe-rich
micas having the lowest ε205Tl values. The patterns in enrichment are best interpreted to
reflect crystal chemical differences and the incompatible, dominantly lithophile nature of Tl.
In turn, isotopic fractionation also reflects control by the bonding environment as well
as redox conditions. The preferential distribution of Tl into micas and K-feldspar found here
is consistent with the similarity in charge and ionic radius of Tl+ and K+. The higher ε205Tl
values in sulfides agree with previous observations and theoretical studies showing
the tendency of covalent bonds, high bond strengths, and high oxidation states to favor heavy
isotopes. This work highlights important areas for future research regarding the natural
weathering

of Tl-bearing substrates, understanding regional cycling of Tl and

potential bioremediation of Tl contamination.
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49. TE-HSIEN Lin et al. : Two parallel magmatic belts with contrasting isotopic
characteristics from southern Tibet to Myanmar : zircon U-Pb and Hf Isotopic constraints. J.
Geol. Soc. 176(3), 2019, 574-587. [tehsienlin@ntu.edu.tw]

Before the India–Asia collision, Neotethyan subduction gave rise to an Andean-type
convergent margin on the southern margin of Asia. To investigate the spatial and temporal
distribution of the subduction-related magmatism, we undertook a combined determination of
zircon U–Pb ages and Hf isotopes of Mesozoic to Paleogene intrusive and volcanic rocks
from southern Tibet to Myanmar to characterize the two parallel magmatic belts that have
previously been considered separately. One belt extends from the Gangdese Batholith in the
Southern Lhasa sub-terrane to the Lohit Batholith, the Sodon Pluton and the Popa–Loimye
Arc in the West Burma Block, and the other from the Central Lhasa Plutonic Belt to the
Bomi–Chayu Batholith, the Dianxi Batholith and the Shan Scarps Batholith in central
Myanmar. The Gangdese belt, as the main arc component, consists typically of I-type
granitoids that contain magmatic zircons showing positive εHf(t) values. In contrast, the
Central Lhasa Plutonic belt is dominated by S-type granites in which most zircons show
negative εHf(t) values suggesting the involvement of older continental crust in their
petrogenesis. The distinct geochemical characteristics indicate not only distinct tectonic
settings of their genesis but also the diverse nature of the crust forming the exotic continental
ribbons amalgamated to Asia.

50. TISSOT Francois L. H. et al. : Controls of eustasy and diagenesis on the 238U/235U of
carbonates and evolution of the seawater (238U /235U) during the last 1.4 Myr. Geochim.
Cosmochim. Acta 242, 2018, 233-265. [tissot@caltech.edu]

Using a leaching protocol designed for the study of U isotopes in recent carbonates,
we measured the U isotope composition, both 238U/235U and 234U/238U, of modern and ancient
corals (n = 6), a limestone and a dolostone, as well as 43 shallow-water carbonate
sediments from the ODP Leg 166 Site 1009 drill core, on the slope of the Bahamas platform.
Although bulk corals record the seawater δ238U value within ±0.02‰, differences of up to
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0.30‰ in the δ238U of individual leachates suggest a control of the coral structure and a more
positive 238U/235U ratio in the centers of calcification. The drill core δ238U data shows that
the 238U/235U ratio of shallow-water carbonates is controlled mainly by (1) variations in sealevel through the mixing of different amounts of platform-derived sediments (with δ238U
∼0.50–0.60‰ heavier than seawater) and pelagic sediments (with seawater-like δ238U
values), (2) authigenic U enrichment via pore-water circulation and U reduction both on the
platform and down to ∼5 m below the surface (mbsf) after deposition of the sediment, and, to
a lesser extent, by (3) early diagenetic processes (i.e., carbonate dissolution and/or
recrystallization) during sediment burial. The global effect of these processes leaves the δ 238U
values of shallow-water carbonates offset relative to that of seawater by Δ CarbonatesSW = +0.24

± 0.06‰ (95% CI, including all samples). This shift can be used in seawater

paleoredox reconstructions based on carbonates deposited on shallow-water platform, shelf
and slope environments (i.e., most of the carbonate sedimentary record prior to the Mesozoic)
to account for the average effect of carbonate diagenesis. Assuming that the 238U/235U ratio
of carbonate platform sediments directly records the seawater 238U/235U ratio would
underestimate the extent of ocean-seafloor anoxia by at least a factor 10. The rapid
fluctuations in δ238U values due to sea-level changes (i) is a factor that should be considered
before interpreting δ238U variations as reflecting changes in oceanic paleoredox conditions
and (ii) reinforces the need for statistically meaningful data sets. The δ(234U) data suggest that
the (234U/238U) ratio of the seawater has remained within ∼20‰ of the modern seawater value
during the last 1–1.4 Myr. Furthermore, we find that small-scale (1–15‰) variations in
seawater δ(234U) mirror sea-level changes during the penultimate glacial-interglacial period
(∼140 to ∼200 ka), thus confirming the record of lower δ( 234U)SW during periods of low sealevel stand and expanding it to at least the last two glacial-interglacial events (i.e., ∼0.23 Ma).
Such fluctuations in δ(234U)initial values should be taken into account when screening
carbonate sediments U-Th ages on the basis of the initial (234U/238U) ratios of the samples.

51. ZHANG Qichao et al. : Ordovician granitoids and Silurian mafic dikes in the western
Kunlun orogen, northwest China : implications for evolution of the Proto-Tethys. Acta Geol.
Sinica 93(1), 2019, 30-49. [zhangqc@cags.ac.cn]
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The western Kunlun orogen in the northwest Tibet Plateau is related to subduction and
collision of Proto and Paleo Tethys from early Paleozoic to early Mesozoic. This paper
presents new LAICPMS zircon UPb ages and LuHf isotopes, wholerock major and trace
elements, and Sr–Nd isotopes of two Ordovician granitoid plutons (466–455 Ma) and their
Silurian mafic dikes (436 Ma) in the western Kunlun orogen. These granitoids show
peraluminous highK calcalkaline characteristics, with (87Sr/86Sr)i value of 0.7129–
0.7224, εNd(t) values of –9.3 to –7.0 and zircon εHf(t) values of –17.3 to –0.2, indicating that
they were formed by partial melting of ancient lowercrust (metaigneous rocks mixed with
metasedimentary rocks) with some mantle materials in response to subduction of the
ProtoTethyan Ocean and following collision. The Silurian mafic dikes were considered to
have been derived from a low degree of partial melting of primary mafic magma. These mafic
dikes show initial 87Sr/86Sr ratios of 0.7101–0.7152 and εNd(t) values of –3.8 to –3.4 and
zircon εHf(t) values of –8.8 to –4.9, indicating that they were derived from enriched mantle in
response to postcollisional slab breakoff. Combined with regional geology, our new data
provide valuable insight into late evolution of the ProtoTethys.

MARINE GEOLOGY

52. AHM Anne-Sofie C. et al. : Quantifying early marine diagenesisin shallow-water
carbonate sediments. Geochim. Cosmochim. Acta 236, 2018, 140-159. [ascam@gmail.com]

Shallow-water carbonate sediments constitute one of the most abundant and widely
used archives of Earth’s surface evolution. One of the main limitations of this archive is the
susceptibility of the chemistry of carbonate sediments to post-depositional diagenesis. Here,
we develop a numerical model of marine carbonate diagenesis that tracks the elemental
and isotopic composition of calcium, magnesium, carbon, oxygen, and strontium, during
dissolution of primary carbonates and re-precipitation of secondary carbonate minerals. The
model is ground-truthed using measurements of geochemical proxies from sites on and
adjacent to the Bahamas platform (Higgins et al., 2018) and authigenic carbonates in the
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organic-rich deep marine Monterey Formation (Blättler et al., 2015). Observations from these
disparate sedimentological and diagenetic settings show broad covariation between bulk
sediment calcium and magnesium isotopes that can be explained by varying the extent to
which sediments undergo diagenesis in seawater-buffered or sediment-buffered conditions.
Model results indicate that the covariation between calcium and magnesium isotopes can
provide a semi-quantitative estimate of the extent and style (fluid-buffered vs. sedimentbuffered) of early marine diagenesis. When applied to geochemical signatures in
ancient carbonate rocks, the model can be used to quantify the impact of early marine
diagenesis on other geochemical proxies of interest (e.g. carbon and oxygen isotopes). The
increasing recognition of early marine diagenesis as an important phenomenon in shallowwater carbonate sediments makes this approach essential for developing accurate records of
the chemical and climatic history of Earth from the chemical and isotopic composition of
carbonate sediments.

53. GOODRIDGE Blair M. : The influence of submarine groundwater discharge on
nearshore marine dissolved organic carbon reactivity, concentration dynamics, and offshore
export. Geochim. Cosmochim. Acta 242, 2018, 108-119. [bgoodrib@barnard.edu]

Dissolved organic carbon (DOC) is the largest pool of reduced carbon in the oceans,
with a reservoir equivalent to atmospheric CO2. In nearshore marine regions, DOC sources
include primary production, terrestrial DOC delivered by river discharge, and/or terrestrial
and marine DOC delivered via submarine groundwater discharge (SGD). While the
importance of SGD to coastal carbon cycling has been implicated, the actual influence of this
process on nearshore carbon dynamics and offshore export has not been explicitly identified.
This study, conducted at a predominantly marine-influenced intertidal beach-nearshore ocean
system along the Santa Barbara, California coastline, aimed to address this knowledge gap.
Dark,

temperature-controlled

laboratory incubations,

radioisotopic

(radon-222)

SGD

estimates, and an SGD-DOC mixing-reaction box model were coupled to identify the
influence of pore water mixing with seawater on nearshore DOC reactivity, concentration
dynamics, and offshore export. Even with a relatively low volumetric contribution, SGD pore
water mixing altered nearshore DOC reactivity, and elevated the nearshore DOC
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concentration by 0.4–6.6 µmol L−1 over nearshore seawater residence times spanning 1–
6 days. These elevated DOC concentrations were equivalent to 0.5% to 9% of the mean
offshore DOC concentration for the summer months in the Santa Barbara Channel, when
the coastal water column is highly thermally stratified. Despite the challenge of assessing
carbon dynamics in physically and biogeochemically complex nearshore marine regions, this
study demonstrates the need for future investigations to assess and account for SGD as a nontrivial component of coastal marine carbon cycles.

54. PELLERIN Andre et al. : The sulphur cycle below the sulfate-methane transition of
marine sediments. Geochim. Cosmochim. Acta 239, 2018, 74-89. [andre.pellerin@bios.au.dk]

The study of sulfate reduction below the sulfate-methane transition (SMT) in marine
sediments requires strict precautions to avoid sulfate contamination from seawater sulfate or
from sulfide oxidation during handling. We experimented with different methods of
sampling porewater sulfate and found that modifications to our sampling procedure reduced
the measured sulfate concentrations from hundreds of micromolar to ten micromolar or less.
We here recommend some key modifications to porewater sampling to avoid contamination
or oxidation artifacts, for example when measuring very low sulfate concentrations below the
SMT of marine sediments. At three sites in Aarhus Bay, the sulfate concentrations below the
SMT remained around ten micromolar. The calculated free energy change, ΔG r, available for
sulfate reduction by such low concentrations is between −17.9 and −11.9 kJ mol−1sulfate. This
is near or below the energy yields that have previously been calculated for microbial sulfate
reduction in marine sediments. The three sites are characterized by measurable and very
different sulfate reduction rates depending on the depth and sediment age of the SMT. Our
data show that sulfate is being consumed below the SMT in spite of the low sulfate
concentrations. As sulfate is not drawn down to even lower concentrations, it must be
continually regenerated below the SMT, most likely by Fe(III)-driven sulfide oxidation
concurrent with the sulfate reduction. We conclude that the low sub-SMT sulfate
concentrations are

in steady state between reduction and production and are

thermodynamically controlled by the minimum ΔGr requirements by sulfate reducing bacteria
while sulfate reduction rates are controlled by the rate of sulfide oxidation. This study deals
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with the general sampling of uncontaminated pore water and hints to a systemic problem with
low levels of contamination in porewater induced by coring and pore water extraction. Below
the SMT, this contamination could be detected but above the SMT it goes unnoticed. Low
levels of contamination as observed in this study may affect other low concentration or redoxsensitive elements in pore water.

55. RAMOS Santiago Danielle P. et al. : Reverse weathering in marine sediments and the
geochemical cycle of potassium in seawater: insights from the K isotopic composition
(41K/39K) of deep-sea pore-fluids. Geochim. Cosmochim. Acta 236, 2018, 99-120.
[dpramos@princeton.edu]

In situ Al-silicate formation, also known as “reverse weathering,” is an important sink
of many of the major and minor cations in seawater (e.g. Mg, K, and Li). However, the
importance of this sink in global geochemical cycles and isotopic budgets of these elements
remains poorly constrained. Here, we report on the potassium isotopic composition (41K/39K)
of deep-sea sediment pore-fluids from four (Integrated) Ocean Drilling Program sites (1052,
U1378, U1395 and U1403) to characterize potassium isotopic fractionation associated with the
formation of authigenic Al-silicate minerals in marine sediments and its role in elevating
the 41K/39K of seawater relative to bulk silicate Earth. Isotopic ratios are obtained by highresolution multi-collector inductively coupled plasma mass spectrometry (MC-ICP-MS)
in cold plasma conditions with a long-term external reproducibility of ca. 0.17‰. We find
that, although all sites are characterized by pore-fluid K concentrations that decline with
increasing depth, their K isotopic profiles vary systematically from site-to-site; at sites
characterized by rapid sedimentation rates, pore-fluid profiles of 41K/39K are relatively
invariant whereas at sites characterized by slow sedimentation rates, 41K/39K declines with
depth by up to 1.8‰. Results from 1-D diffusion-advection-reaction models suggest that
these differences may result from a complex interplay between sedimentation rate and
fractionation of K isotopes during diffusion, Al-silicate authigenesis, and ion exchange.
Model simulations suggest fractionation factors between 0.9980 and 1.0000 for reverse
weathering reactions in deep-sea sediments. Although deep-sea sites do not constitute major
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sinks of K in seawater, some of the processes responsible for K isotopic fractionation at these
sites (diffusion and Al-silicate authigenesis) likely play a role in determining the 41K/39K of
seawater.

MINERALOGY

56. NESTOLA F. et al. : CaSiO3 perovskite in diamond indicates the recycling of oceanic
crust into the lower mantle. Nature 555(7695), 2018, 237-241. [fabrizio.nestola@unipd.it]

Laboratory experiments and seismology data have created a clear theoretical picture
of the most abundant minerals that comprise the deeper parts of the Earth’s mantle.
Discoveries of some of these minerals in ‘super-deep’ diamonds—formed between two
hundred and about one thousand kilometres into the lower mantle—have confirmed part of
this picture. A notable exception is the high-pressure perovskite-structured polymorph of
calcium silicate (CaSiO3). This mineral—expected to be the fourth most abundant in the
Earth—has not previously been found in nature. Being the dominant host for calcium and,
owing to its accommodating crystal structure, the major sink for heat-producing elements
(potassium, uranium and thorium) in the transition zone and lower mantle, it is critical to
establish its presence. Here we report the discovery of the perovskite-structured polymorph of
CaSiO3 in a diamond from South African Cullinan kimberlite. The mineral is inter grown
with about six per cent calcium titanate (CaTiO3). The titanium-rich composition of this
inclusion indicates a bulk composition consistent with derivation from basaltic oceanic crust
subducted to pressures equivalent to those present at the depths of the uppermost lower
mantle. The relatively ‘heavy’ carbon isotopic composition of the surrounding diamond,
together with the pristine high-pressure CaSiO3 structure, provides evidence for the recycling
of oceanic crust and surficial carbon to lower-mantle depths.
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NANOGEOSCIENCE

57. DIANG Kunlun et al. : A general synthesis approach for supported bimetallic
nanoparticles via surface inorganometallic chemistry. Science 362(6414), 2018, 560-564.
[kunlunding@Isu.edu]

The synthesis of ultrasmall supported bimetallic nanoparticles (between 1 and 3
nanometers in diameter) with well-defined stoichiometry and intimacy between constituent
metals remains a substantial challenge. We synthesized 10 different supported bimetallic
nanoparticles via surface inorganometallic chemistry by decomposing and reducing surfaceadsorbed heterometallic double complex salts, which are readily obtained upon sequential
adsorption of target cations and anions on a silica substrate. For example, adsorption of
tetraamminepalladium(II) [Pd(NH3)42+] followed by adsorption of tetrachloroplatinate
[PtCl42−] was used to form palladium-platinum (Pd-Pt) nanoparticles. These supported
bimetallic nanoparticles show enhanced catalytic performance in acetylene selective
hydrogenation, which clearly demonstrates a synergistic effect between constituent metals.

58. JR. HOCHELLA Michael F. et al. : Natural, incidental, and engineered nanomaterials
and their impacts on the Earth system. Science 363(6434), 2019, 1414. [hochella@vt.edu]
Nanomaterials are critical components in the Earth system’s past, present, and future
characteristics and behaviour. They have been present since Earth’s origin in great
abundance. Life, from the earliest cells to modern humans, has evolved in intimate
association with naturally occurring nanomaterials. This synergy began to shift considerably
with human industrialization. Particularly since the Industrial Revolution some two-and-ahalf centuries ago, incidental nanomaterials (produced unintentionally by human activity)
have been continuously produced and distributed worldwide. In some areas, they now rival
the amount of naturally occurring nanomaterials. In the past half-century, engineered
nanomaterials have been produced in very small amounts relative to the other two types of
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nanomaterials, but still in large enough quantities to make them a consequential component of
the planet. All nanomaterials, regardless of their origin, have distinct chemical and physical
properties throughout their size range, clearly setting them apart from their macroscopic
equivalents and necessitating careful study. Following major advances in experimental,
computational, analytical, and field approaches, it is becoming possible to better assess and
understand all types and origins of nanomaterials in the Earth system. It is also now possible
to frame their immediate and long-term impact on environmental and human health at local,
regional, and global scales.

PALEONTOLOGY

59. BLOMENKEMPER Patrick et al. : A hidden cradle of plant evolution in Permian
tropical lowlands. Science 362(6421), 2018, 1414-1415. [bbomfleur@uni.muenster.de]

The latitudinal biodiversity gradient today has deep roots in the evolutionary history of
Earth’s biota over geologic time. In the marine realm, earliest fossil occurrences at low
latitudes reveal a tropical cradle for many animal groups. However, the terrestrial fossil
record—especially from drier environments that are thought to drive evolutionary
innovation—is sparse. We present mixed plant-fossil assemblages from Permian equatorial
lowlands in present-day Jordan that harbor precocious records of three major seed-plant
lineages that all became dominant during the Mesozoic, including the oldest representative of
any living conifer family. These finds offer a glimpse of the early evolutionary origins of
modern plant groups in disturbance-prone tropical habitats that are usually hidden from
observation.

60. BREITENBACH Sebastin F. M. et al. : Coupled Mg/Ca and clumped isotope analyses
of foraminifera provide consistent water temperatures. Geochim. Cosmochim. Acta 236, 2018,
283-296. [sebastian.breitenbach@rub.de]
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reliable

determination

of

past

seawater

temperature

is

fundamental

to paleoclimate studies. We test the robustness of two paleotemperature proxies by combining
Mg/Ca

and

clumped isotopes (Δ47)

on

the

same specimens of

core

top

planktonic foraminifera. The strength of this approach is that Mg/Ca and Δ47 are measured on
the same specimens of foraminifera, thereby providing two independent estimates of
temperature. This replication constitutes a rigorous test of individual methods with the
advantage that the same approach can be applied to fossil specimens. Aliquots for Mg/Ca and
clumped analyses are treated in the same manner following a modified cleaning procedure of
foraminifera for trace element and isotopic analyses. We analysed eight species of planktonic
foraminifera from coretop samples over a wide range of temperatures from 2 to 29°C. We
provides a new clumped isotopic temperature calibrations using subaqueous cave carbonates,
which is consistent with recent studies. Tandem Mg/Ca–Δ47 results follow an exponential
curve as predicted by temperature calibration equations. Observed deviations from the
predicted

Mg/Ca-Δ47 relationship

are

attributed

to

the

effects

of

Fe-Mn oxide

coatings, contamination, or dissolution of foraminiferal tests. This coupled approach provides
a high degree of confidence in temperature estimates when Mg/Ca and Δ47 yield concordant
results, and can be used to infer the past δ 18O of seawater (δ18Osw) for paleoclimate studies.

61. FAITH Tyler J. et al. : Plio-Pleistocene decline of African mega herbivores : no
evidence

for

ancient

Hominin

impacts.

Science

362(6417),

2019,

938-941.

[jfath@nhmu.utah.edu]

It has long been proposed that pre-modern hominin impacts drove extinctions and
shaped the evolutionary history of Africa’s exceptionally diverse large mammal communities,
but this hypothesis has yet to be rigorously tested. We analyzed eastern African herbivore
communities spanning the past 7 million years - encompassing the entirety of hominin
evolutionary history - to test the hypothesis that top-down impacts of tool-bearing, meateating hominins contributed to the demise of mega herbivores prior to the emergence
of Homo sapiens. We document a steady, long-term decline of mega herbivores beginning
~4.6 million years ago, long before the appearance of hominin species capable of exerting
top-down control of large mammal communities and predating evidence for hominin
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interactions with mega herbivore prey. Expansion of C4 grasslands can account for the loss of
mega herbivore diversity.

62. FIJALKOWSKA-MADER Anna, DURKOWSKI Karol and SOKALSKI Dominik :
Palynological and lithofacial implications for Zechstein stratigraphy in the marginal part of
the North-Sudeticsynclinorium (Lower Silesia, southwestern Poland). Z. Dtschn. Ges.
Geowiss. 169(4), 2018, 495-515. [anna.mader@pgi.gov.pl]

Problems with the stratigraphy of Zechstein deposits in the North-Sudetic
Synclinorium, especially in its southern and marginal parts, have resulted from the
incomplete development of particular cyclothems and the lack of fossils. This applies
particularly for the area of the Bolesławiec half-graben, located in the southeastern part of the
North-Sudetic Synclinorium and separated by the Fore-Sudetic Block from its northern part.
The typical Zechstein succession in this region begins with the Boundary Conglomerate and
the marly-carbonate deposits of the first cyclothem (PZ1, Werra), followed by spotted
mudstones with sandstones, black mudstones, anhydrite and claystones of the first or second
cyclothem (PZ2, Stass-furt), the Platy Dolomite (Ca3) of the third cyclothem (PZ3, Leine),
and the Top Terrigenous Series (PZt). The stratigraphic position of the mudstones and
anhydrites is the most controversial issue of the Zechstein succession in the study area. At
first, they were included into the second cyclothem, whereas in later reports, they were
assigned to the first cyclothem. The results of palynologic studies of core material suggest
that the black mudstones and anhydrite are younger than the first cyclothem, as they contain
miospores of the Lueckisporites virkkiae Ac Subzone. This conclusion is of crucial
importance for the entire Zechstein stratigraphy and sedimentation in the North-Sudetic
Synclinorium, because it confirms the presence of deposits of the second cyclothem (PZ2,
Stassfurt) in the southern part of the North-Sudetic Synclinorium, a fact that was often
questioned in the literature.

63. GLAUSIUSZ Josie : A big-screen requiem for Otzi the Iceman. Nature 555(7737), 2019,
310. [josiegz@gmail.com]
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Author is gripped by a portrayal of the Neolithic man whose mummified body was
found in the Alps.

64. GUERIAU Pierre, RABET Nicolas and HAT Eva Du Tien : The Strud Crustacean
fauna (Late Devonian, Belgium): updated review and palaeoecology of an early continental
ecosystem. Earth Environ. Sci. Tr. Royal Soc. Edinburgh 107(2-3), 2017, 79-90.
[gueriau@mnhn.fr]

Arthropods were the first known animals to colonise land habitats, with myriapods
and arachnids having done so at least by the Silurian. Much later, several lineages of
Pancrustacea (hexapods and the paraphyletic crustaceans) also ventured onto land; the
hexapods by the Early Devonian, and later at least four other groups of crustaceans, namely
isopods, amphipods, ostracods and decapods, most of which generally colonised the
continental water bodies. All faced a series of challenges (in particular: gas exchange;
desiccation; reproduction; osmoregulation; and exposure to ultraviolet radiation), resulting in
many morphological, physiological and ecological adaptations. Nonetheless, whether they
reached land via saltwater or freshwater remains poorly documented, mainly because relevant
localities are few. The Famennian (Late Devonian) Strud locality in Belgium provided an
exceptional source of information on early aquatic continental ecosystems and their plant,
vertebrate and arthropod colonisers at a crucial step in the terrestrialisation process. Here, we
review and update its crustacean fauna, which inhabited floodplain and temporary pool
waters. New anatomical details of the notostracan Strudops goldenbergi Lagebro et al., 2015,
as well as a new genus and species of spinicaudatan, are described. We also discuss the
ecology of this unique, early continental ecosystem and the insights it gives into the
terrestrialisation process.

65. LANGER Gerald et al. : Relationship between mineralogy and minor element
partitioning in limpets from an Ischia CO2 vent site provides new insights into their
biomineralization. Geochim. Cosmochim. Acta 236, 2018, 218-229. [gerlan@mba.ac.uk]
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It has long since been noted that minor element (Me) partitioning into biogenic
carbonates is sometimes different from Me partitioning into inorganically precipitated
carbonates. The prime example is the partitioning coefficient, which might be lower or even
higher than the one of inorganically precipitated carbonate. Such a difference is usually
termed “vital effect” and is seen as indicative of a biologically modified minor element
partitioning. Over the last three decades interest in conceptual biomineralization models
compatible with minor element and isotope fractionation has been steadily increasing.
However, inferring features of a biomineralization mechanism from Me partitioning is
complicated, because not all partitioning coefficients show vital effects in every calcium
carbonate producing organism. Moreover, the partitioning coefficient is not the only aspect of
Me partitioning. Other aspects include polymorph specificity and rate dependence.
Patellogastropod limpets are ideally suited for analysing Me partitioning in terms of
biomineralization models, because they feature both aragonitic and calcitic shell parts, so that
polymorph specificity can be tested. In this study, polymorph-specific partitioning of the
minor elements Mg, Li, B, Sr, and U into shells of the patellogastropod limpet Patella
caerulea from within and outside a CO2 vent site at Ischia (Italy) was investigated by means
of LA-ICP-MS. The partitioning coefficients of U, B, Mg, and Sr (in aragonite) differed from
the respective inorganic ones, while the partitioning coefficients of Li and Sr (in calcite) fell
within the range of published values for inorganically precipitated carbonates. Polymorph
specificity of Me partitioning was explicable in terms of inorganic precipitation in the case of
Sr and Mg, but not Li and B. Seawater carbon chemistry did not have the effect on B
partitioning that was expected on the basis of data on inorganic precipitatesand foraminifera.
Carbon chemistry did affect Mg (in aragonite) and Li, but only the effect on Mg was
explicable in terms of calcification rate. On the one hand, these results show that Me
partitioning in P. caerulea is incompatible with a direct precipitation of shell calcium
carbonate from the extrapallial fluid. On the other hand, our results are compatible with
precipitation from a microenvironment formed by the mantle. Such a microenvironment was
proposed based on data other than Me partitioning. This is the first study which
systematically employs a multi-element, multi-aspect approach to test the compatibility of Me
partitioning with different conceptual biomineralization models.

67

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

66. LEBEDEV Oleg A. and CLEMENT Gael : New Tetrapodomorph vertebrates from the
Yam-Tesovo locality (Amata Regional Stage, Middle-Upper Devonian) of Lelingrad region,
northwestern Russia. Earth Environ. Sci. Tr. Royal Soc. Edinburgh 109(1-2), 2019, 61-73.
[olebed@paleo.ru]

Each piece of data is valuable for unearthing the earliest history of
tetrapod origin. Despite frequently incomplete preservation, each skeletal element provides
important information on the morphology, phylogeny and faunistic diversity of early
tetrapodomorphs. We describe here new and earlier collected material from the fossil
vertebrate site Yam-Tesovo on the Oredezh River (Leningrad Region, northwestern Russia)
in the deposits of the Yam-Tesovo Formation within the Amata Regional Stage (lowermost
Frasnian, Upper Devonian). Upon similarity of their dermal ornamentation, two mandibular
fragments

are

suggested

to

taxon Rubrognathuskuleshovi n.

gen.

belong
et

to

the

new

tetrapodomorph

sp. This species demonstrates a general

‘elpistostegalian' morphological pattern with some early tetrapod characters. The new taxon is
characterised by an almost closed intercoronoid fossa, a prearticular that is strongly convex in
section and bearing small teeth along its dorsal margin, low vertical coronoid laminae and
coronoid fangs that enter the coronoid tooth row. The mandibular canal runs partly in open
groove or opens to the surface by a row of large pores. The dermal ornament consists of a
network of small ridges forming tubercles in the nodes. The postfrontal assigned to
Tetrapodomorpha shows a ‘tetrapod-like' pits-and-ridges sculpturing and a supraorbital ridge
characteristic of early tetrapods as well as “elpistostegalians”. Its long posterolateral bone
margin demonstrates a lateral projection similar to that in Tiktaalik and unknown in other
‘elpistostegalians' and early tetrapods. An unusually flattened vomer is doubtfully related to
the tetrapodomorph genus Livoniana Ahlberg, Lukševičs & Mark-Kurik, 2000, based upon
characteristic multiple tooth rows. Teeth in rows decrease labially and show no clearly
enlarged fang pairs. New finds of the last two decades present the earliest records of some
tetrapod characters in non-limbed tetrapodomorphs. This challenges previous hypotheses on
the origin of tetrapods.
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67. LEE Michael S. Y. et al. : Dynamic biogeographic models and dinosaur origins. Earth
Environ. Sci. Tr. Royal Soc. Edinburgh 109(1-2), 2019, 325-332. [mike.lee@flinders.edu.au]

A comprehensive analysis of early dinosaur relationships raised the possibility that the
group may have originated in Laurasia (Northern Hemisphere), rather than Gondwana
(Southern Hemisphere) as often thought. However, that study focused solely on morphology
and phylogenetic relationships and did not quantitatively evaluate this issue. Here, we
investigate dinosaur origins using a novel Bayesian framework uniting tip-dated
phylogenetics with dynamic, time-sliced biogeographic methods, which explicitly account for
the age and locality of fossils and the changing interconnections of areas through time due to
tectonic and eustatic change. Our analysis finds strong support for a Gondwanan origin of
Dinosauria, with 99 % probability for South America (83 % for southern South America).
Parsimony analysis gives concordant results. Inclusion of time-sliced biogeographic
information affects ancestral state reconstructions (e.g., high connectivity between two
regions increases uncertainty over which is the ancestral area) and influences tree topology
(disfavouring uniting fossil taxa from localities that were widely separated during the relevant
time slice). Our approach directly integrates plate tectonics with phylogenetics and
divergence dating, and in doing so reaffirms southern South America as the most likely area
for the geographic origin of Dinosauria.

68. LONG John A., CLEMENT Alice M. and CHOO Brian : New insights into the
origins and radiation of the mid-Palaeozoic Gondwanan stem tetrapods. Earth Environ. Sci.
Tr. Royal Soc. Edinburgh 109(1-2), 2019, 139-155. [john.long@flinders.edu.au]

The earliest tetrapodomorph fishes appear in Chinese deposits of Early Devonian age,
and by the Middle Devonian they were widespread globally. Evidence for the earliest
digitated tetrapods comes from largely uncontested Middle Devonian trackways and Late
Devonian body fossils. The East Gondwana Provence (Australasia, Antarctica) fills vital gaps
in the phylogenetic and biogeographic history of the tetrapods, with the Gondwanan clade
Canowindididae exhibiting a high degree of endemism within the early part of the stem
tetrapod radiation. New anatomical details of Koharalepis, from the Middle Devonian Aztec
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Siltstone of Antarctica, are elucidated from synchrotron scan data. These include the position
of the orbit, the condition of the hyomandibular, the shape of the palate and arrangement of
the vomerine fangs. Biogeographical and phylogenetic models of stem tetrapod origins and
radiations are discussed.

69. MILLWARD David et al. : Palaeogeography of tropical seasonal coastal wetlands in
northern Britain during the early Mississippian Romer’s Gap. Earth Environ. Sci. Tr. Royal
Soc. Edinburgh 109(1-2), 2019, 279-300. [dmill@bgs.ac.uk]

The lower Mississippian Ballagan Formation of northern Britain is one of only two
successions worldwide to yield the earliest known tetrapods with terrestrial capability
following the end-Devonian mass extinction event. Studies of the sedimentary environments
and habitats in which these beasts lived have been an integral part of a major research project
into how, why and under what circumstances this profound step in the evolution of life on
Earth occurred. Here, a new palaeogeographic map is constructed from outcrop data
integrated with new and archived borehole material. The map shows the extent of a very lowrelief coastal wetland developed along the tropical southern continental margin of Laurussia.
Coastal floodplains in the Midland Valley and Tweed basins were separated from the
marginal marine seaway of the Northumberland–Solway Basin to the south by an archipelago
of more elevated areas. A complex mosaic of sedimentary environments was juxtaposed, and
included fresh and brackish to saline and hypersaline lakes, a diverse suite of floodplain
palaeosols and a persistent fluvial system in the east of the region. The strongly seasonal
climate led to the formation of evaporite deposits alternating with flooding events, both
meteoric and marine. Storm surges drove marine floods from the SW into both the western
Midland Valley and Northumberland–Solway Basin; marine water also flooded into the
Tweed Basin and Tayside in the east. The Ballagan Formation is a rare example in the
geological record of a tropical, seasonal coastal wetland that contains abundant, small-scale
evaporite deposits. The diverse sedimentary environments and palaeosol types indicate a
network of different terrestrial and aquatic habitats in which the tetrapods lived.
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70. MITCHELL Ria L., STRULLU Derrien Christine and KENRICK Paul :
Biologically mediated weathering in modern cryptogamic ground covers and the early
Paleozoic fossil record. J. Geol. Soc. 176(3), 2019, 430-439. [r.l.mitchell@swansea.ac.uk]

Specific micro-weathering features and biochemically derived residues formed by
living organisms can be used as biomarkers to infer the presence of biological communities
within sedimentary units of ancient ecosystems. We examined basaltic soil minerals from
modern cryptogamic ground covers (CGCs) in Iceland and compared these with two early
Paleozoic fossil systems. Nine biologically mediated weathering features (BWFs) were
identified in modern soils including micron-scale surface trenching and penetrative tunnels,
which are attributed to the actions of bacteria, fungi and exudates. Specific BWFs are
associated with Fe residues, and with Fe-rich bio-precipitated nodules. Further, putative
comparable features and Fe enrichment are identified in palaeosols from the late Silurian
(Llansteffan, south Wales) and the Early Devonian (Rhyniechert, Scotland). Although we are
cautious about attributing biological affinity to individual isolated features, our results
demonstrate the potential of using multiple BWF types as a collective together with their
chemical signatures as new proxies to understand community structure and interactions in
early terrestrial ecosystems. This new information is the first evidence of interactions between
ancient CGC-like organisms and substrate or soil inorganic components in the fossil record
and demonstrate the ability of CGC-like biospheres to contribute to mineral weathering, soil
development and biogeochemical cycling during the early Paleozoic.

71. ORLOVA Olga A. et al. : Kossoviella timanica Petrosjan emend. from the Upper
Devonian of North Timan : morphology and spore ultrastructure. Earth Environ. Sci. Tr.
Royal Soc. Edinburgh 108(4), 2019, 355-372. [oowood@mail.ru]

The morphology of sterile and fertile structures (terminal strobili) of the Upper Devonian
heterosporous lycopsid Kossoviella timanica Petrosjan 1984 from northern Russia (North
Timan) is re-described: the axes are dichotomously branched; sterile leaves are narrow with
smooth margins; the transition from sterile axes to strobili is gradual; the strobili are narrow
and cylindrical, occasionally dichotomously branched; sporophylls are long, lanceolate, with
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crenulated margins; megasporangia with thin, mostly destroyed, sporangium walls contain
one or two tetrads of large megaspores without a gula; numerous microspore tetrads are
present in the microsporangia; both mega- and microspores are cavate, with a two-layered
sporoderm; the outer layer of the sporoderm of both mega- and microspores consists of a net
of intertwined cylindrical elements; the inner layer of the megaspore sporoderm is a basal
lamina; and the inner homogeneous layer of the microspore sporoderm is split into
multilamellate zones near the arms of the proximal scar. A comparison between abortive and
fertile megaspores, some of which apparently were not completely mature, allows us to
hypothesise that the enlargement and lateral stretching of structural units of the sporoderm,
and the spaces between them, took place during the final stages of ontogenesis of megaspores
along with the additional accumulation of amorphous sporopollenin. Both layers of the
megaspore sporoderm, as well as the cavity between them, developed early in the
ontogenesis. Although Kossoviella timanica was certainly a unique Late Devonian plant, it
bears some resemblance to the Givetian heterosporous, bisporangiate lycopsid Yuguangia
ordinata in having dichotomously branching axes, sporophylls with spiny margins and
strobili with proximal megasporangia and distal microsporangia. Kossoviella timanica is also
similar to the Famennian bisporangiate lycopsid Bisporangiostrobus harrisii in lacking a
ligula and in having dichotomously branching strobili with proximal megasporangia and
distal microsporangia.

72. SENDER Luis M., NISHIDA Harufumi and DIEZ Jose B. : The extinct tree fern
Tempskya

Corda

from

the

Albian

of

Spain

:

palaeo

phytogeographical

and

palaeoenvironmental implications. Earth Environ. Sci. Tr. Royal Soc. Edinburgh 108(4),
2017, 437-448. [Imsender@yahoo.es]

New evidence of the extinct tree fern of the genus Tempskya Corda from Albian
deposits in western Eurasia (northeastern Spain) is presented. These plant fossil remains
consist of several silicified false trunks measuring up to 1.20m long, some of which still
preserve the apex. Rhizomes and petioles are more abundant in the apical zone of the false
trunk. Some false trunks preserve charcoalified tissues that can be interpreted as evidence that
palaeo-wildfires affected the false trunks several times from mostly the same direction.
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Sedimentological evidence suggests that the fern habitat was close to coastal, tidally
influenced environments. These new fossils from the Albian of Spain fill the chronological
and distributional gap of Tempskya that existed in Eurasia during the Early Cretaceous.
Temporal and spatial changes in Tempskya distributions are proposed on several
palaeogeographical maps.

73. SKOVSTED Christian B. : A silicified tommotiid from the lower Cambrian of
Greenland. Bull. Geosci. 91(3), 2016, 553-559. [Christian.skovsted@nrm.se]

Three specimens of a new eccentrothecimorph tommotiid are described from the
Paralelldal Formation of North Greenland. The specimens are all tubular structures composed
of a number of individual sclerites. The sclerites were arranged in rings which fused to form a
rigid tube during ontogeny. The tube has a basal aperture presumably allowing attachment to
a hard substrate. In morphology, both individual sclerites and the tubular scleritome are
remarkably similar to specimens of Eccentrotheca from South Australia. However, the
Greenland specimens are silicified and may have been either weakly mineralized or
calcareous in original composition. In this respect they differ from all previously known
tommotiids, considerably expanding the ultrastructural disparity of the Tommotiida and
allowing comparison to a new range of possible lophotrochozoan fossils.

74. XIN Cunlin et al. : Numerical taxonomy and bayes discriminant analysis on 42 fossil
species in Dicksoniaceae from China. Acta Geol. Sinica 93(1), 2019, 183-198.
[xincunlin@163.com

As the basal group of Polypodiales, the specific taxonomy of Dicksoniaceae is still
being debated. As a quantitative analysis method, numerical taxonomy has been applied to
the taxonomic study of many plant families and genera in recent years due to its simplicity
and high accuracy. However, the numerical analysis of the Dicksoniaceae fossils has not been
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reported at present. In the present study, the pinnule morphological data of 42 Mesozoic fossil
species of the Dicksoniaceae were analyzed using cluster analysis, principal component
analysis and correlation analysis. The results revealed that 42 taxonomic units could be
divided into six representative groups, which are consistent with the traditional taxonomy.
After screening, an identification key on 28 fossil species of four genera with a definite
taxonomic position was established. According to the quantitative analysis, a Bayes
discriminant model was established for the selected species. Lastly, the model was tested
using the morphological data of the fossil pinnules in Dicksoniaceae from the Yaojie
Formation, suggesting that the discriminant model is accurate to a certain extent. As a result,
the numerical taxonomy can be applied to the classification of the Dicksoniaceae fossils.

PETROLEUM GEOLOGY

75. GHAZWANI Assad et al. : Petroleum generation and storage in the Pennsylvanian coalbearing strata of the Munsterland basin, Western Germany: 3D basin modelling approach. Z.
Dtschn. Ges. Geowiss 169(4), 2018, 475-494. [joschka.roeth@emr.rwth-aachen.de.]

The Münsterland Basin in Western Germany is characterised by a Cretaceous
sedimentary sequence of up to about 2 kilometres thickness unconformably overlying coalbearing Pennsylvanian and older sedimentary rocks folded and faulted during the Variscan
Orogeny. The structure of the basin is complex, with depocentres moving northwards in time
during the Pennsylvanian due to the prograding fold and thrust belt and more intense tectonic
deformation and shortening in the south. Based on vitrinite reflectance and fission track data,
the burial history, amounts of uplift and temperature histories were reconstructed in a 3D
basin model by Uffmann & Littke (2013) and modified for this study. The model indicates
that maximum burial, maximum temperatures and present-day maturities were reached for
most of the area just before or during the initial phase of the Variscan uplift, which affected
this area in the late Pennsylvanian. However, some areas experienced almost the same high
temperatures again during the Late Cretaceous due to significant reburial leading to additional
thermal hydrocarbon generation there. Due to long-lasting mining activities, the coals of the
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Pennsylvanian are known to be gas-rich to various extents. Therefore, the model was also
used to calculate natural gas generation from both coals and marine black shales. Thus, we
built two models simplifying the complex geology with more than hundred coal seams: one
model with an assumed 30 m thick coal seam and the other one with an assumed 30 m thick
black shale unit within the lower Westphalian (rather than implementing hundred thin coal
seams and various black shales). The study provides timing and extent of hydrocarbon
generation and estimates of accumulation and adsorption masses of natural gas within the
Pennsylvanian source rocks emphasising the importance of identifying areas with late gas
generation as "sweet spot" targets for exploration, because much of the 300 million year old
natural gas has been lost during post-Variscan intense uplift and erosion. However, the total
amount of hydrocarbons generated and expelled was enormous and therefore a considerable
coalbed methane potential still remains.

76. JIANG Lei, WORDEN Richard H. and YANG Changbing : Thermochemical sulphate
reduction can improve carbonate petroleum reservoir quality. Geochim. Cosmochim. Acta
223, 2018, 127-140. [lei.jiang@mail.iggcas.ac.cn]

Interest in the creation of secondary pore spaces in petroleum reservoirs has increased
because of a need to understand deeper and more complex reservoirs. The creation of
new secondary porosity that enhances overall reservoir quality in deeply buried carbonate
reservoirs is controversial and some recent studies have concluded it is not an important
phenomenon. Here we present petrography, geochemistry, fluid inclusion data, and fluid-rock
interaction reaction modeling results from Triassic Feixianguan Formation, Sichuan Basin,
China, core samples and explore the relative importance of secondary porosity due to
thermochemical sulphate reduction (TSR) during deep burial diagenesis. We find that new
secondary pores result from the dissolution of anhydrite and possibly from dissolution of the
matrix dolomite. Assuming porosity before TSR was 16% and the percentage of anhydrite
was 6%, modelling shows that, due to TSR, 1.6% additional porosity was created that led to
permeability increasing from 110 mD (range 72–168 mD within a 95% confidence interval) to
264 mD (range 162–432 mD within a 95% confidence interval). Secondary porosity results
from the density differences between reactant anhydrite and product calcite, the addition of
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new water during TSR, and the generation of acidity during the reaction of new H2S with
the siderite component in pre-existing dolomite in the reservoir. Fluid pressure was high
during

TSR,

and

approached

lithostatic

pressure

in

some

samples;

this

transient overpressure may have led to the maintenance of porosity due to the inhibition of
compactional processes. An additional 1.6% porosity is significant for reserve calculations,
especially considering that it occurs in conjunction with elevated permeability that results in
faster flow rates to the production wells.

77. XIAO-YONG Duan et al. : Historical records and the sources of polycyclic aromatic
hydrocarbons

in

the

east

China

Sea.

China

Geol.

1(4),

2018,

505-511.

[dxiaoyong@mail.cgsgov.cn]
The coastal cities are the most advanced regions in China. In the past few decades, the
environment changed very significantly due to large scale human activities in the coastal
regions. Polycyclic aromatic hydrocarbons (PAHs) in three dated sediment cores from the
west coast of the Yellow Sea (core A01), the Yangtze River estuary (YRE; core A02) and the
Oujiang River estuary (ORE; core A03) were analyzed to reconstruct the environmental
evolutionary process of the east China coastal region over the past century. In the three cores,
PAHs concentrations were increased rapidly. Lower concentrations of PAHs were measured
in core A02 than in cores A01 and A03. The vertical variation of PAHs in the YRE was
dominated by the petrogenic sources. Historical records of PAHs in the ORE were controlled
by pyrolytic sources. PAHs on the west coast of the Yellow Sea were contributed by the two
sources.

PETROLOGY : IGNEOUS

78. BLATTMANN Thomas M., LETSCH Dominik and EGLINTON Timothy I. : On the
Geological and scientific legacy of petrogenic organic carbon. American J. Sci. 318(8), 2018,
861-881. [Thomas.blatmann@erdw.ethz.ch]
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Weathering, erosion, and redeposition of exhumed rock-derived or “petrogenic”
organic carbon (OC) co-occurs with the burial of biospheric OC within sediments,
modulating atmospheric CO2 and O2 over geologic time. Disentangling the geochemical
fingerprint of petrogenic OC from biospheric OC in sedimentary organic matter, as well as
quantifying the influence of its remineralization and burial on atmospheric CO 2/O2, has been
the focus of numerous observational and geochemical modelling studies. In 1938, Matti
Sauramo recognized that petrogenic OC is entrained in a “simple carbon” cycle operating
alongside the “complicated” greater rest of the carbon cycle. Sauramo's achievements were
preceded by Charles Lyell's thoughts on the subject a century earlier, and by observations of
reworked palynomorphs in the modern environment made by palynologists in the
19th Century. Towards the present, palynologists, organic petrologists, and geochemists have
all made key advances, while their impact often did not radiate beyond their respective bodies
of literature. This highlights the importance not only of further investigations focused on the
continued pursuit of new information, but also on studies of the history of relevant disciplines
in order to place new findings in appropriate context. Petrogenic OC cycling has emerged as a
key process for constraining global carbon budgets, long-term biogeochemical cycles and
associated variations in atmospheric chemistry. While petrogenic OC is now recognized as a
significant component of bulk sedimentary OC in modern systems, its cycling throughout
Earth's history - including during pivotal episodes such as supercontinent amalgamation and
late Proterozoic Snowball Earth events followed by greenhouse conditions - remains largely
unexplored.

79. SHUANG Zhang and PLANAVSKY Noah J. : The silicate weathering feedback in the
context of ophiolite emplacement : insights from an inverse model of global weathering
proxies. American J. Sci. 319(2), 2019, 75-104. [shuang.zhang@yale.edu]

Silicate weathering provides a stabilizing feedback in the global carbon cycle and has
played a key role in keeping surface environments clement for the majority of Earth's history.
It was recently proposed that ophiolite emplacement at low latitude at ∼90 to 70 Ma and ∼50
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to 40 Ma enhanced the rate of silicate weathering and led to global cooling that terminated the
Early Eocene Climatic Optimum. In this study, we revisit this proposal with a series of
models of varying complexities to investigate the likelihood that Earth's climate was driven
largely by ophiolite emplacement in the Paleogene. Our models are constrained by either
marine Os isotopic records or the combination of carbon cycle, Sr and Os isotopic records,
and solid Earth degassing rates. The proposed changes in ophiolite weathering are
inconsistent with our Os isotope mass balance model. With our coupled carbon cycle and
weathering proxy model, total global silicate weathering fluxes (including ophiolite
weathering) slightly decreased or remained relatively constant from 52 to 42 Ma. This
constancy in global silicate weathering fluxes is inconsistent with the idea that enhanced
ophiolite weathering directly led to global climate cooling. However, our model results
support the idea that the strength of the silicate weathering feedback (weatherability) has
played a significant role in regulating the pCO2 levels through the Cenozoic. Further, the
modeling toolkit developed here can be used to explore the role of mafic rock weathering in
driving climate change in other intervals through Earth's history.

PETROLOGY : METAMOTPHIC

80. SAMUEL D. Michael et al. : Geochemical constraints of the Ediacaran volcanosedimentary succession of the Sa’al metamorphic complex at Wadi Zaghra, south Sinai,
Egypt. Acta Geol. Sinica 93(1), 2019, 50-73. [mokhles72@yahoo.com]
The volcano sedimentary succession around Wadi Zaghra in Sinai, at the
northernmost segment of the Arabian Nubian Shield, comprises volcanic rocks interbedded
with rather immature sediments. The succession is dominated by intermediate to silicic
volcanics of medium to highK calcalkaline affinity. It is divided into two units, the lower unit
includes intermediate rocks and dacites interbedded with graywackes, semipelites and pelites
and topped by polymict conglomerates. This unit is subjected to folding and regional
metamorphism (up to garnet zone) and is intruded by quartz diorite granodiorite inducing,
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locally, low pressure contact thermal metamorphism. The unmetamorphosed upper unit
encompasses acid volcanics intercalated with litharenite, sublitharenite and minor arenite.
The rhyolites of this unit pertain to the highly fractionated granites and are characterized by
an agpaitic index (NK/A) ranging from 0.87 to 0.96. They may reflect either extensive
interaction of subduction related magmas with the continental crust or a change in the
tectonic regime. The present lithological and geochemical characteristics of the studied
sediments together with available zircon ages indicate rather distal provenance of their
detritus. This detritus comprises fluvial alluvial sediments accumulated in the intermontane
basins, which are half grabens or tilted fault blocks. The tectonic setting of the depositional
basins is active continental margin and continental island arcs. Geochemical patterns of the
Zaghra volcano sedimentary succession indicate their correlation with the Dokhan Volcanics
Hammamat Clastics sequence of the Eastern Desert of Egypt. Also, the Zaghra volcanics
display geochemical similarities with those exposed in Sinai, at the Rutig, Ferani and Iqna
Shar'a areas. The Zaghra succession is dated as Ediacaran but is not related either to the
ensimatic island arc assemblage or to the rift related assemblage formed during the early
stages of the breakup of Rodinia as previously thought.

PLANETS AND METEORITES

81. ALEXANDER C. M. O. D. et al. : A mutli-technique search for the most primitive CO
chondrites.

Geochim.

Cosmochim.

Acta

221(15),

2018,

406-420.

[calexander@carnegiescience.edu]

As part of a study to identify the most primitive COs and to look for weakly altered
CMs

amongst

the

COs,

we

have

conducted

a

multi-technique

study of 16

Antarctic meteorites that had been classified as primitive COs. For this study, we have
determined: (1) the bulk H, C and N abundances and isotopes, (2) bulk O isotopic
compositions, (3) bulk modal mineralogies, and (4) for some selected samples the abundances
and compositions of their insoluble organic matter (IOM). Two of the 16 meteorites do
appear to be CMs – BUC 10943 seems to be a fairly typical CM, while MIL 090073 has
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probably been heated. Of the COs, DOM 08006 appears to be the most primitive CO
identified to date and is quite distinct from the other members of its pairing group. The other
COs fall into two groups that are less primitive than DOM 08006 and ALH 77307, the
previously most primitive CO. The first group is composed of members of the DOM 08004
pairing group, except DOM 08006. The second group is composed of meteorites belonging to
the MIL 03377 and MIL 07099 pairing groups. These two pairing groups should probably be
combined. There is a dichotomy in the bulk O isotopes between the primitive (all Antarctic
finds) and the more metamorphosed COs (mostly falls). This dichotomy can only partly be
explained by the terrestrial weathering experienced by the primitive Antarctic samples. It
seems that the more equilibrated samples interacted to a greater extent with 16O-poor
material, probably water, than the more primitive meteorites.

82. LUGARO Maria et al. : Do meteoritic silicon carbide grains originate from asymptotic
giant branch stars of super-solar metallicity. Geochim. Cosmochim. Acta 239, 2018, 6-20.
[maria.lugaro@csfk.mta.hu]

We compare literature data for the isotopic ratios of Zr, Sr, and Ba from analysis of
single meteoritic stardust silicon carbide (SiC) grains to new predictions for the slow neutroncapture process (the s process) in metal-rich asymptotic giant branch (AGB) stars. The
models have initial metallicities Z = 0.014 (solar) and Z = 0.03 (twice-solar) and initial
masses 2 - 4.5 Msun, selected such as the condition C/O>1 for the formation of SiC is
achieved. Because of the higher Fe abundance, the twice-solar metallicity models result in a
lower number of total free neutrons released by the 13C({\alpha},n)16O neutron source.
Furthermore, the highest-mass (4 - 4.5 Msun) AGB stars of twice-solar metallicity present a
milder activation of the 22Ne({\alpha},n)25Mg neutron source than their solar metallicity
counterparts, due to cooler temperatures resulting from the effect of higher opacities. They
also have a lower amount of the 13C neutron source than the lower-mass models, following
their smaller He-rich region. The combination of these different effects allows our AGB
models of twice-solar metallicity to provide a match to the SiC data without the need to
consider large variations in the features of the 13C neutron source nor neutron-capture
processes different from the s process. This raises the question if the AGB parent stars of
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meteoritic SiC grains were in fact on average of twice-solar metallicity. The heavier-thansolar Si and Ti isotopic ratios in the same grains are in qualitative agreement with an origin in
stars of super-solar metallicity because of the chemical evolution of the Galaxy. Further, the
SiC dust mass ejected from C-rich AGB stars is predicted to significantly increase with
increasing the metallicity.

PLATE TECTONICS

83. HUGHES Lewis et al.: Halogen behaviour in subduction zones : Eclogite facies rocks
from the Western and central Alps. Geochim. Cosmochim. Acta 243, 2018, 1-23.
[lewis.hughers@manchester.ac.uk]

We examined F, Cl, Br and I concentrations and distributions in eclogite facies rocks
and

minerals

from

the

Western

and

Central

Alpine

ophiolitic

zone

to

determine halogen behaviour in subduction zones, and to identify potential host phases that may be
able to transport halogens to the deeper mantle. Analysis was carried out on a range of
ophiolitic lithologies-peridotites, serpentinites, metagabbros, metabasalts and metasediments to assess
the distribution of halogens within deeply subducted oceanic crust. Halogen abundances in individual
mineral phases range from below detection (∼100 ppm) to ∼1900 ppm for F, ∼1 to ∼3000 ppm

for Cl, ∼1 to ∼11,000 ppb for Br and from<1 to ∼1300 ppb for I. Bulk rock estimates of Cl,
Br and I abundances are variable, but are generally more than one order of magnitude lower
than those in altered oceanic crust (AOC), suggesting major halogen loss prior to or during
eclogite facies metamorphism. Fluorine, however, can be enriched within metabasalts and
metasediments, relative to the heavy halogens, suggesting F can be retained at eclogite facies
conditions within the upper layers of the subducting slab. Bulk rock estimates suggest that
upon reaching eclogite facies, the subducting slab has lost over 90% Cl, Br and
I. Bromine and iodine concentrations show positive correlation, suggesting that they exhibit
similar behaviour at high pressure. A lack of any other correlations suggests that F and Cl
behave differently to Br and I during subduction. Elevated F/Cl, Br/Cl and I/Cl ratios, relative
to AOC, suggest the preferential loss of Cl during shallower depths of subduction. In
81

Earth Science Abstracts

Vol.42, No.2 (April–June 2019)

situ analyses and chemical mapping using electron probe micro-analysis and time of
flight secondary ion mass spectrometry indicate that measured halogen abundances are
primarily hosted within the mineral structure. Overall, our dataset provides new constraints
on the available inventory of halogens that can be transferred to the deeper mantle via the
subduction of oceanic crust.

84. MULLER Dietmar : The art of unsubduction.

Nature 565(7740), 2019, 432-433.

[muller@sydney.edu.au]

Tectonic plates lost to the deep mantle carry a record of ancient surface tectonic
processes. A method for retrieving such records has been developed that could clarify the
links between tectonics and mountain building.

85. YI-WEI Chen, JONNY Wu and JOHN Suppe : Southward propagation of Nazca
subduction along the Andes. Nature 565(7740), 2019, 441-447. [yiweichen.tw@gmail.com]

The Andean margin is the plate-tectonic paradigm for long-lived, continuous
subduction, yet its geology since the late Mesozoic era (the past 100 million years or so) has
been far from steady state. The episodic deformation and magmatism have been attributed to
cyclic changes in the dip angle of the subducting slab, slab break-off and the penetration of
the slab into the lower mantle; the role of plate tectonics remains unclear, owing to the
extensive subduction of the Nazca–Farallon plate (which has resulted in more than 5,500
kilometres of lithosphere being lost to the mantle). Here, using tomographic data, we recreate
the plate-tectonic geometry of the subducted Nazca slab, which enables us to reconstruct
Andean plate tectonics since the late Mesozoic. Our model suggests that the current phase of
Nazca subduction began at the northern Andes (5° S) during the late Cretaceous period
(around 80 million years ago) and propagated southwards, reaching the southern Andes
(40° S) by the early Cenozoic era (around 55 million year ago). Thus, contrary to the current
paradigm, Nazca subduction has not been fully continuous since the Mesozoic but instead
included episodic divergent phases. In addition, we find that foredeep sedimentation and the
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initiation of Andean compression are both linked to interactions between the Nazca slab and
the lower mantle, consistent with previous modelling.

REMOTE SENSING AND AERIAL SURVEY

86. BANERJEE Krishnendu et al. : Landsat 8 OLI data for identification of hydrothermal
alteration zone in Singhbhum shear zone using successive band depth difference technique –
a

new

image

processing

approach.

Curr.

Sci.

116(10),

2019,

1639-1647.

[rsgis.pintu@gmail.com]

Recent advances in calculation algorithms have led to a new level of image processing
for mineral identification and mapping. Mineral outcrop mapping has a decade’s history of
using conventional methods like band combination, band rationing and relative absorption
band depth (RBD) technique. Modification of these algorithms enriches the capabilities of
object identification and mapping. Band combination and band ratioing help to locate the
distribution of a hydrothermal altered zone. In the current study, an attempt has been made to
modify the RBD approach. Newly introduced successive band depth difference (SBDD)
measures the difference of reflectance values in successive bands by dividing the sum of the
two highest successive shoulders by the shoulder of the lowest value before the starting
shoulder. Band math function has been used in various bands of Landsat 8 operational land
imager (OLI) data to access the precise distribution of points of the hydrothermal altered
zone. SBDD method has achieved a kappa coefficient of 0.86 which depicts significant levels
of accuracy.

SEDIMENTOLOGY

87. ARCONE Steven A. : Sedimentary architecture beneath lakes subjected to stroms:
control by turbidity current bypass and turbidite armouring, interpreted from ground –
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images.

Sedimentology

65(5),

2018,

1413-1446.

[Sandstone41@hotmail.com]

Turbidites within Holocene lacustrine sediment cores occur worldwide and are valued
deposits that record a history of earthquakes or storms. Without sedimentary architecture,
however, interpretation of the cause, provenance and behaviour of their parent turbidity
currents are speculative. Here, these interpretations are made from two‐dimensional
ground‐penetrating radar images of ‘shore to shore’ architecture beneath three, previously
cored lakes within the low seismicity New England (USA) region. Shallow depths, low water
and sediment conductivities, and signal sensitivity to density contrasts uniquely provided up
to 30 m of sediment signal penetration. Core comparisons and signal analysis reveal that most
horizons represent multidecimetre‐thick clusters of Holocene turbidites, which are denser
than their organic‐rich silt matrix. Some horizons also represent erosional unconformities and
sediment bypass interfaces. The key, common, architectural consequences of turbidity current
activity include limited foresee tprogradation, conformably pinched or unconformable layers
of organic‐rich sediment onlapped against slopes beneath 5 to 6 m of water, and mounded
stratified sediments beneath rises. These features indicate that turbidity currents repeatedly
bypassed the same slope without deposition and regardless of dip, and then simultaneously
armoured and bypassed inter‐turbidite sediment along rises and basins to provide basinward,
generally age‐conformable accumulation. The mounding precludes significant basinward
focusing. Variable horizon amplitude suggests metre‐scale changes in armouring density.
Unconformities localized near breaks in dip beneath slopes suggest erosive hydraulic jumps.
One lake shows evidence of historically maintained channels associated with specific deltas.
Shelf strata indicating inland current generation, similar key architecture in other, uncored
lakes, countable, lake‐wide horizons, and absent slumps, slides and faults are consistent with
storm‐driven turbidity currents, and with previous, core‐based conclusions that severe,
Holocene storms were episodic throughout this region. The results generalize marine bypass
and armouring to lacustrine settings, and so probably occur worldwide in lakes subject only to
storms, including lakes where ground‐penetrating radar may locate core sites.
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88. BANHAM Steven G. et al. : Ancient martian aeolian processes and palaeomorphology
reconstructed from the Stimson Formation on the lower slope of Aeolis Mons, Gale Crater,
Mars. Sedimentology 65(4), 2018, 993-1042. [s.banham@imperial.ac.uk]

Reconstruction of the palaeoenvironmental context of Martian sedimentary rocks is
central to studies of ancient Martian habitability and regional palaeoclimate history. This
paper reports the analysis of a distinct aeolian deposit preserved in Gale crater, Mars, and
evaluates its palaeomorphology, the processes responsible for its deposition, and its
implications for Gale crater geological history and regional palaeoclimate. Whilst exploring
the sedimentary succession cropping out on the northern flank of Aeolis Mons, Gale crater,
the Mars Science Laboratory rover Curiosity encountered a decametre‐thick sandstone
succession, named the Stimson formation, unconformably overlying lacustrine deposits of the
Murray formation. The sandstone contains sand grains characterized by high roundness and
sphericity, and cross‐bedding on the order of 1 m in thickness, separated by sub‐horizontal
bounding surfaces traceable for tens of metres across outcrops. The cross‐beds are composed
of uniform thickness cross‐laminations interpreted as wind‐ripple strata. Cross‐sets are
separated by sub‐horizontal bounding surfaces traceable for tens of metres across outcrops
that are interpreted as dune migration surfaces. Grain characteristics and presence of
wind‐ripple strata indicate deposition of the Stimson formation by aeolian processes. The
absence of features characteristic of damp or wet aeolian sediment accumulation indicates
deposition in a dry aeolian system. Reconstruction of the palaeogeomorphology suggests that
the Stimson dune field was composed largely of simple sinuous crescentic dunes with a
height of ca10 m, and wavelengths of ca 150 m, with local development of complex dunes.
Analysis of cross‐strata dip azimuths indicates that the general dune migration direction and
hence net sediment transport was towards the north‐east. The juxtaposition of a dry aeolian
system unconformably above the lacustrine Murray formation represents starkly contrasting
palaeoenvironmental and palaeoclimatic conditions. Stratigraphic relationships indicate that
this transition records a significant break in time, with the Stimson formation being deposited
after the Murray formation and stratigraphically higher Mount Sharp group rocks had been
buried, lithified and subsequently eroded.
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89. BANKERT Andrew R. and NELSON Peter A. : Alternate bar dynamics in response to
increases and decreases of sediment supply. Sedimentology 65(3), 2018, 702-720.
[abankert2007@my.fit.edu]

Gravel‐bed rivers can accommodate changes in sediment supply by adjusting their bed
topography and grain size in both the downstream and cross‐stream directions. Under high
supply aggradational conditions, this can result in spatially non‐uniform stratigraphic
patterns, and the morphodynamic influence of heterogeneous stratigraphy during subsequent
degradational periods is poorly understood and has not been studied through physical
modelling. A flume experiment was conducted to analyse channel response where alternate
bars were developed in a gravel–sand mixture under constant discharge and sediment supply
before two supply increases led to the development of heterogeneous stratigraphy beneath
alternate bars. The supply was then reduced back to the initial supply rate, causing
degradation through that self‐formed stratigraphy. Stratigraphic samples were collected, and
the bed topography and flow depth were measured frequently, which were used with a
two‐dimensional hydrodynamic model to characterize flow conditions. Migrating alternate
bars stabilized during the first equilibrium phase, creating bed surface sorting patterns of
coarse bar tops and fine pools. During the first supply increase, the bars remained stable as
the pools aggraded. During the second supply increase, the pools aggraded further, causing
the boundary shear stress over the bar tops to increase until the bars gained the capacity to
migrate and eventually stabilize in new locations. As aggradation occurred, the original
sediment sorting patterns were preserved in the subsurface. During the degradational phase,
the pools experienced incision and the bars eroded laterally, but this lateral erosion ceased
when coarse sediment previously deposited during the bar‐building phase became exposed.
The results suggest that if a sediment supply increase is capable of filling the pools, it can
cause stable bars to migrate and the bed to be reworked. These findings also show that
heterogeneous stratigraphy can play an important role in determining whether bars persist or
disappear after a sediment supply reduction.
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90. BECKER Lukas W. M., HJELSTUEN Berit O. and STOREN Eivind W. N. :
Automated counting of sand-sized particles in marine records. Sedimentology 65(3), 2018,
842-850. [lwmbecker@gmail.com]

Content and fluxes of ice‐transported sand‐sized and gravel‐sized, lithic particles in
marine sediment cores are a common tool used to reconstruct glacial variability. Ice‐rafted
debris data sets are currently acquired in several different and often time‐consuming ways,
and within various grain‐size fractions. This article proposes a novel workflow using an
automated method to count ice‐rafted debris to reduce analysis time and subjectivity. The
described method is based on the instrument ‘MorphologiG3’ from Malvern Instruments
Limited and includes all pre‐processing and post‐processing steps. This particle
characterization tool is an automated microscope combined with a proprietary software
package. In this study, the analysis was performed on the 150 to 1000 μm fraction. If desired,
grain counts can be carried out on the entire sand and silt fractions. However, this would
result in a considerably greater turnover time. A total of 350 sediment samples from core
MD99‐2283, taken on the upper continental slope at the southern part of the north‐east
Atlantic margin, were counted with this automated method. In addition, a total of 161 samples
were counted manually as a control on the reliability of the scanning. The comparison of
automated versus manually counted biogenic and lithic material shows a convincing
correlation between the two methods. The turnover time per automatically counted sample is
around 20 min, the method requiring less experience and skills than manual counting. The
results yield a promising, time‐saving new technique to achieve high‐resolution ice‐rafted
debris counting records with acceptable error margins.

91. BRISTOW Charlie S. and MOLLER Torsten H. : Testing the auto-abrasion
hypothesis for dust production using diatomite dune sediments from the bodele depression in
Chad. Sedimentology 65(4), 2018, 1322-1330. [c.bristow@mail.bbk.ac.uk]

This study examines the role of quartz sand in the production of dust using mixtures
of quartz sand from the Sahara and diatomite aggregates from the Bodélé Depression in Chad.
An aeolian abrasion chamber is used to reproduce the physical processes of aeolian abrasion
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and test the hypothesis that the breakdown of saltating diatomite flakes as they collide in
saltation, and with the surface, is the most prolific mechanism of dust production
(auto‐abrasion). This hypothesis is tested against the competing hypothesis that a hard,
higher‐density quartz sand impactor is required to abrade fine‐grained sediments to generate
dust. The results show that dust can be produced by a mixture of saltating diatomite and
quartz sand particles. However, quartz sand is not required for saltating aggregates to produce
dust. Indeed, these results, which used a mixture of very coarse‐grained aggregate (1 to 2 mm
diameter) with fine quartz sand, indicate that the addition of quartz sand can decrease dust
production. For a very coarse aggregate (1 to 2 mm), a pure diatomite aggregate produced the
most dust, although using a coarse‐grained aggregate (0·5 to 1·0 mm) with a mixture of 20%
quartz and 80% aggregate was found to produce the most dust overall. The results of this
study confirm the auto‐abrasion hypothesis for the breakdown of diatomite particles in the
Bodélé Depression, which is the single biggest source of atmospheric mineral dust on Earth.

92. FRUERGAARD Mikkel et al. : Sedimentary architecture and depositional controls of a
Holocene wave-dominated barrier-island system. Sedimentology 65(4), 2018, 1170-1212.
[mif@ign.ku.dk]

Barrier‐island system evolution is controlled by internal and external forcing
mechanisms, and temporal changes in these mechanisms may be recorded in the sedimentary
architecture. However, the precise role of individual forcing mechanisms is rarely well
understood due to limited chronological control. This study investigates the relative role of
forcing conditions, such as antecedent topography, sea‐level rise, sediment supply, storms and
climate changes, on the evolution of a Holocene wave‐dominated barrier‐island system. This
article presents temporal reconstruction of the depositional history of the barrier‐island
system of Rømø in the Wadden Sea in unprecedented detail, based on ground‐penetrating
radar profiles, sediment cores, high‐resolution dating and palynological investigations, and
shows that ca 8000 years ago the barrier island formed on a Pleistocene topographic high.
During the initial phase of barrier evolution, the long‐term sea‐level rise was relatively rapid
(ca 9 mm year−1) and the barrier was narrow and frequently overwashed. Sediment supply
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kept pace with sea‐level rise, and the barrier‐island system mainly aggraded through the
deposition of a ca7 m thick stack of overwash fans. Aggradation continued for ca 1700 years
until sea‐level rise had decreased to <2 mm year−1. In the last ca 6000 years, the barrier
prograded 4 to 5 km through deposition of a 10 to 15 m thick beach and shoreface unit,
despite a long‐term sea‐level rise of 1 to 2 mm year−1. The long‐term progradation was,
however, interrupted by a transgression between 4000 years and 1700 years ago. These
results demonstrate that the large‐scale morphology of the Danish Wadden Sea shoreline
influences the longshore sediment transport flux and the millennial‐scale dispersal of
sediment along the shoreline. On decadal to centennial timescales, major storms induced
intense beach and shoreface erosion followed by rapid recovery and progradation which
resulted in a highly punctuated beach and shoreface record. Major storms contributed towards
a positive sediment budget, and the sustained surplus of sediment was, and still is,
instrumental in maintaining the aggradational–progradational state of the barrier island.

93. GARDNER Tobi, ASHMORE Peter and LEDUC Pauline : Morpho-sedimentary
characteristics of proximal gravel braided river deposits in a Froude-scaled physical model.
Sedimentology 65(3), 2018, 877-896. [tobigardner@gmail.com]

A Froude‐scaled physical model of a proximal gravel‐bed braided river was used to
connect the river morphological characteristics, and sedimentary processes and forms, to
deposit geometry. High resolution continuous three‐dimensional topographic data were
acquired from sequential photogrammetric digital elevation models paired with grain‐size
surface maps derived from image analysis of textural properties of the surface. From these
data, the full three‐dimensional development of the braided river deposit and grain‐size
sorting patterns was compiled over an experimental time period of 41 h during which the
model river reworked a large portion of the braided channel. The minimum surface of the
deposit is developed progressively over time by erosion, migration and avulsion of channels,
and by local scour at channel confluences. The maximum surface of the deposit is formed by
amalgamation of braid bar surfaces and has less overall relief than the minimum surface.
Confluence scour constitutes about 5% of the area of the minimum surface. Migration of
individual confluences is limited to distances of the order of the width and length of the
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confluence, so that confluences do not form laterally extensive deposits and basal surfaces.
Maximum and minimum surfaces have very similar grain‐size distributions, and there is no
extensive basal coarse layer. Deposit maximum thickness is strongly associated with large
channel confluences which occur as deeper areas along the main channel belt and make up a
large proportion of the thickest portions of the deposit.

94. LANGE Skadi M. et al. : Anaerobic microbial activity affects earliest diagenetic
pathways of bivalve shells. Sedimentology 65(4), 2018, 1390-1411. [sklange@geomar.de]

The earliest diagenetic post‐mortem exposure of biogenic carbonates at the sea floor
and in the uppermost sediment column results in the colonization of hard‐part surfaces by
bacterial communities. Some of the metabolic redox processes related to these communities
have the potential to alter carbonate shell properties, and hence affect earliest diagenetic
pathways with significant consequences for archive data. During a three‐month in vitro study,
shell subsamples of the ocean quahog Arctica islandica (Linnaeus, 1767) were incubated in
natural anoxic sediment slurries and bacterial culture medium of the heterotrophic Shewanella
sediminisHAW‐EB3.

Bulk

analyses

of

the

liquid

media

from

the Shewanella sediminis incubation revealed an over ten‐fold increase in total alkalinity,
dissolved inorganic carbon and ΩAragonite, and the alteration of the Mg/Ca, Mg/Sr and
Sr/Ca ratios relative to control incubations without cultures. Ion ratios were most affected in
the incubation with anoxic sediment, depicting a 25% decrease in Mg/Ca relative to the
control. Shell sample surfaces that were exposed to both incubations displayed visible surface
dissolution features, and an 8 wt% loss in calcium content. No such alteration features were
detected in control shells. Apparently, alteration of shell carbonate properties was induced by
microbially driven decomposition of shell intercrystalline organic constituents and subsequent
opening of pathways for pore fluid–crystal exchange. This study illustrates the potential
influence of benthic bacterial metabolism on biogenic carbonate archives during the initial
stages of diagenetic alteration within a relatively short experimental duration of only
three months. These results suggest that foremost the biological effect of bacterial cation
adsorption on divalent cation ratios has the potential to complicate proxy interpretation.
Results shown here highlight the necessity to consider bacterial metabolic activities in marine
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sediments for the interpretation of palaeo‐environmental proxies from shell carbonate
archives.

95. OWEN Richard Bernhart, RENAUT Robin W. and LOWENSTEIN Tim K. : Spatial
and temporal geochemical variability in lacustrine sedimentation in the East African Rift
System: Evidence from the Kenya Rift and regional analyses. Sedimentology 65(5), 2018,
1697-1730. [owen@hkbu.edu.hk]

Many previous studies on lacustrine basins in the East African Rift System have
directed their attention to climatic controls on contemporary sedimentation or climate change
as part of palaeoenvironmental reconstruction. In contrast, this research focuses on the impact
of tectonism and volcanism on rift deposition and develops models that help to explain their
roles and relative importance. The study focuses on the spatial and temporal variability in
bulk sediment geochemistry from a diverse range of modern and ancient rift sediments
through an analysis of 519 samples and 50 major and trace elements. The basins examined
variously include, or have contained, wetlands and/or shallow to deep, fresh to hypersaline
lakes. Substantial spatial variability is documented for Holocene to modern deposits in lakes
Turkana, Baringo, Bogoria, Magadi and Malawi. Mio‐Pleistocene sediments in the Central
Kenya Rift and Quaternary deposits of the southern Kenya Rift illustrate temporal variability.
Tectonic and volcanic controls on geochemical variability are explained in terms of: (i)
primary controlling factors (faulting, subsidence, uplift, volcanism, magma evolution and
antecedent lithologies and landscapes); (ii) secondary controls (bedrock types, rift shoulder
and axis elevations, accommodation space, meteoric and hydrothermal fluids and mantle
CO2); and (iii) response factors (catchment area size, orographic rains, rain shadows,
vegetation densities, erosion and weathering rates, and spring/runoff ratios). The models
developed have, in turn, important implications for palaeoenvironmental interpretation in
other depositional basins.

96. RAPUG William et al. : 6600 years of earthquake record in the Julian Alps (Lake
Bohinj, Slovenia). Sedimentology 65(5), 2018, 1777-1799. [rapuc@univ-smb.fr]
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Sequences of lake sediments often form long and continuous records that may be
sensitive recorders of seismic shaking. A multi‐proxy analysis of Lake Bohinj sediments
associated with a well‐constrained chronology was conducted to reconstruct Holocene
seismic activity in the Julian Alps (Slovenia). A seismic reflection survey and
sedimentological analyses identified 29 homogenite‐type deposits related to mass‐wasting
deposits. The most recent homogenites can be linked to historical regional earthquakes (i.e.
1348 ad, 1511 ad and 1690 ad) with strong epicentral intensity [greater than ‘damaging’
(VIII) on the Medvedev–Sponheuer–Karnik scale]. The correlation between the historical
earthquake data set and the homogenites identified in a core isolated from local stream inputs,
allows interpretation of all similar deposits as earthquake related. This work extends the
earthquake chronicle of the last 6600 years in this area with a total of 29 events recorded. The
early Holocene sedimentary record is disturbed by a seismic event (6617 ± 94 cal yr bp) that
reworked previously deposited sediment and led to a thick sediment deposit identified in the
seismic survey. The period between 3500 cal yr bp and 2000 cal yr bp is characterized by a
major destabilization in the watershed by human activities that led to increases in erosion and
sedimentation rates. This change increased the lake's sensitivity to recording an earthquake
(earthquake‐sensitivity threshold index) with the occurrence of 72 turbidite‐type deposits over
this period. The high turbidite frequency identified could be the consequence of this change in
lake earthquake sensitivity and thus these turbidites could be triggered by earthquake shaking,
as other origins are discarded. This study illustrates why it is not acceptable to propose a
return period for seismic activity recorded in lake sediment if the sedimentation rate varies
significantly.

97. SCHMIDT Christopher et al. : Genesis of mud volcano fluids in the gulf of cadiz using
a novel basin-scale model approach.

Geochim. Cosmochim. Acta 243, 2018, 186-204.

[cschmidt@geomar.de]

Mud Volcanism and fluid seepage are widespread phenomena in the Gulf of Cadiz
(SW Iberian Margin). In this seismically active region located at the boundary between
the African and Eurasian plates, fluid flow is typically focused on deeply rooted active strikeslip

faults.
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mineral dehydration and recrystallization of Upper Jurassic carbonates. Here we present the
results of a novel, fully-coupled 1D basin-scale reactive-transport model capable of
simulating major fluid forming processes and related geochemical signatures by considering
the growth of the sediment column over time, compaction of sediments, diffusion
and advection of fluids, as well as convective and conductive heat flow. The outcome of the
model is a realistic approximation to the development of the sediment pore water system
over geological time scales in the Gulf of Cadiz. Combined with a geochemical reaction
transport model for clay mineral dehydration and calcium carbonate recrystallization, we
were able to reproduce measured concentrations of Cl, strontium and 87Sr/86Sr of emanating
mud volcano fluids. These results support previously made qualitative interpretations and add
further constraints on fluid forming processes, reaction rates and source depths. The
geochemical signature at Porto MV posed a specific problem, because of insufficient
constraints on non-radiogenic 87Sr/86Sr sources at this location. We favour a scenario of
basement-derived fluid injection into basal Upper Jurassic carbonate deposits (Hensen et al.,
2015). Although the mechanism behind such basement-derived flow, e.g. along permeable
faults, remains speculative at this stage, it provides an additional source of low 87Sr/86Sr fluids
and offers an idea on how formation water from the deepest sedimentary strata above the
basement can be mobilized and eventually initiate the advection of fluids feeding MVs at the
seafloor. The dynamic reactive-transport model presented in this study provides a new tool
addressing the combined simulation of complex physical-geochemical processes in
sedimentary systems. The model can easily be extended and applied to similar geological
settings, and thus help us to provide a fundamental understanding of fluid dynamics and
element recycling in sedimentary basins.

STRUCTURAL GEOLOGY

98. ALLIBONE Andrew et al. : Contrasting structural styles of orogenic goid deposits,
reefton goldfield, New Zealand. Econ. Geol. 113(7), 2018, 1479-1497. [Rodinian@msn.com]
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This paper describes the structural setting of the Globe-Progress and Blackwater
orogenic gold deposits, the only two +1-million ounce (Moz) deposits discovered to date
within the Reefton goldfield of central New Zealand. Most of the Globe-Progress deposit is
located along the Globe-Progress shear zone, a curviplanar, brittle-ductile, structure that
juxtaposes tightly folded rocks in its footwall against largely unfolded rocks in its hanging
wall. At its eastern end the Globe-Progress shear zone merges with the fold-parallel Oriental
shear zone, with the Globe-Progress shear zone acting as a tear fault that transferred
contractional deformation on the Oriental shear zone across the structural grain of the
adjacent folded rocks, during or soon after the end of greenschist facies metamorphism. An
early phase of mineralization at ca. 438 Ma (K-Ar, sericite) accompanied this contractional
deformation, whereas a second phase of mineralization occurred during later brittle, obliquenormal, reactivation of the two shear zones at ca. 386 Ma (K-Ar, sericite). The resulting ore
shoots plunge moderately towards the southwest, along intersections between (1) the two
shear zones, (2) the Globe-Progress shear zone and minor normal faults in its hanging wall,
and (3) the Globe-Progress shear zone and W-dipping bedding in its hanging wall. The
kilometer-long Birthday reef in the Blackwater mine is located on a narrow, mineralized,
brittle-ductile fault that can be traced for 3+ km through the adjacent Greenland Group
sandstones and argillites. The reef occupies that part of the fault that is close to parallel with
bedding on a relatively gently (~60°) W-dipping segment of the western limb of the Waiuta
anticline. The reef pinches out where the dip of the host fault steepens and its strike swings
from north-northeast toward north. This change in orientation occurs where the fault refracts
onto the near vertical axial plane of the Waiuta anticline above/north of the reef, and follows
an open flexure in the orientation of bedding on the western limb of the Waiuta anticline
below/south of the reef. Both ends of the reef, and its more intensely mineralized internal ore
shoots, plunge 35° toward the north-northeast, parallel to the intersection of the host fault and
the axial planar cleavage associated with the adjacent Waiuta anticline.

99. LEI Si et al. : Assessment of rib spalling hazard degree in mining face based on
background subtraction algorithm and support vector machine. Curr. Sci. 116(12), 2019,
2001-2012. [wangzbpaper@126.com]
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Rib spalling is one of the common hazards in a fully mechanized mining face. In order
to accurately assess the hazard degree, this study proposes a new method based on
background subtraction algorithm and support vector machine (SVM). First, the architecture
diagram of rib spalling feature analysis is constructed, and the rib spalling feature indices are
determined, including the duration area, height and the centre of ribs spalling height. Then,
the specific feature analysis process of rib spalling is performed using the background
subtraction algorithm. Furthermore, some virtual 3D rib spalling animations are generated
using 3D Studio Max (3Ds Max) software to verify the reasonability of extracted features.
Thereafter, the assessment model of rib spalling hazard degree is established based on SVM.
Three assessment models based on SVM, back propagation neural network (BPNN) and
artificial immune (AI) algorithm have been developed. The assessment accuracy of SVM
(reaching 85%) is obviously higher than that of BP-NN (75%) and AI (70%) algorithm. The
results indicate the feasibility and superiority of the proposed method in the assessment of rib
spalling hazard degree.

100. RENQI Lu et al. : Geometry and kinematics of buried structures in the piedmont of the
central Longmen Shan : implication for the growth of the Eastern Tibetan Plateau. J. Geol.
Soc. 176(2), 2019, 323-333. [lurq127@sina.com]

Structural geometry and kinematics are important to understand the growth of the
Tibetan Plateau margins. In this study, several high-resolution seismic reflection profiles were
combined with well data and the fault-bend fold theory to determine the geometric and
kinematic characteristics of the Pengxian buried structures located in the piedmont of
centralLongmen Shan (LMS). Seismic interpretations indicate that the Pengxian buried
structures were involved in multi-period, superimposed deformation during the Cenozoic.
The structural deformation of the frontal LMS was controlled by a Triassic detachment fault
(f2), which extended forward at a gentle angle, and formed a fault-bend fold during the Late
Miocene. The steep-angle Pengxian blind fault developed on the f2 with a few offsets during
the Pleistocene. 3D imaging of the Pengxian buried structures shows that the f2 horizontally
propagated into the western Sichuan Basin with a fault slip of approximately 3.3–3.5 km. The
Longquan Shan (LQS) anticline has a total slip of approximately 3.0 km since its initiation.
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Our study suggests that the average slip rate of the f2 is <0.4 mm/yr in the central LMS front.
The Pengxian buried structures and the LQS anticline have been slowly shortening since the
Late Cenozoic.
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