The Global Heat Flow Database: Update 2023
(https://doi.org/10.5880/fidgeo.2023.008)

180°00"  140°00"W
| |

|
180°0'0"

| | |
140°00"W

100°00"W  60°00"W  20°00"W  20°00°E 60°00"E  100°0'0"E
| | | | |

| | | | | | | | | | |
100°00'W  60°00'W  20°00'W  20°00'E 60°00'E  100°00'E

(| 1
140°00°E

140°0'0"E 180°0'0"
e |

|
180°0'0"

—30°00°N

= «=10°0'0"N

Global Heat Flow Data Assessment Group, Sven Fuchs?, Florian Neumann?, Ben Norden?, Graeme
Beardsmore?, Paolo Chiozzi®, William Colgan?, Ana Paulina Anguiano Dominguez®, Maria Rosa Alves
Duque®, Orlando Miguel Ojeda Espinoza’, Florian Forster?, Andrea Forster?, Robert Frohder?, Karina

Fuentes®, Marek Hajto®, Robert Harris®, Argo Jdeleh

t10

, Helena Liebing?, Shaowen Liu!!, Gwendolin

Lidtke!, Mazlan Madon??, Raquel Negrete-Aranda®, Jeffrey Poort®3, Itay J Reznik!4, Michael Riedel®,
Frédérique Rolandone®?, Tobias Staal'®, Massimo Verdoya'’, Jyun-Nai Wu?®

Last name First name Affiliation (Name, City, Country) ORCID email
1 Fuchs Sven GFZ German Research Centre for Geosci- 0000-0002-2896- fuchs@gfz-potsdam.de
ences, Potsdam, Germany 6662
1 Neumann Florian GFZ German Research Centre for Geosci- 0000-0002-9666- fneu@gfz-potsdam.de
ences, Potsdam, Germany 5087
1 Norden Ben GFZ German Research Centre for Geosci- 0000-0003-2228- norden@gfz-pots-
ences, Potsdam, Germany 9979 dam.de
2 Beardsmore Graeme University of Melbourne, Australia 0000-0003-4812- g.beardsmore@unimelb.
1146 edu.au
3 Chiozzi Paolo DISTAV, University of Genoa, Italy 0000-0002-2950- chiozzi_rp@libero.it
5438
4 Colgan William Geological Survey of Denmark and Green- | 0000-0001-6334- wic@geus.dk
land, Copenhagen, Denmark 1660
5 Anguiano Ana Paulina Universidad Auténoma de Nuevo Ledn ana.angui-
Dominguez anodgz@uanl.edu.mx
6 Duque Maria Rosa Universidade de Evora, Departamento 0000-0002-0350- mrad@uevora.pt
Alves de Fisica, Evora, Portugal. 9246
7 Ojeda Espinoza Orlando Miguel CONACyT - Instituto de Investigaciones en C| 0000-0002-6603- omespinozaoj@cona-
cias de la Tierra, Universidad Michoacana d¢ 9990 cyt.mx
Nicolas de Hidalgo, Morelia, México
2 Forster Florian School of Earth Sciences, University of 0000-0001-7452- florian.for-
Melbourne, Australia 7241 ster@unimelb.edu.au
1 Forster Andrea GFZ German Research Centre for Geosci- 0000-0003-1569- for@gfz-potsdam.de
ences, Potsdam, Germany 1169



https://doi.org/10.5880/fidgeo.2023.008
mailto:fuchs@gfz-potsdam.de

versity of California, San Diego

2919

1 Frohder Robert GFZ German Research Centre for Geosci- frob@gfz-potsdam.de
ences, Potsdam, Germany

5 Fuentes Karina Centro de Investigacion Cientifica y de Ed- | 0000-0002-9638- kfuentes@cicese.edu.m
ucacién Superior de Ensenada, Baja Cali- 5771 X
fornia

8 Hajto Marek AGH University of Science and Technol- 0000-0002-5906- mhajto@agh.edu.pl
ogy: Krakow, Laser Poland 5066

9 Harris Robert Oregon State University 0000-0002-4641- rharris@coas.oregon-

1425 state.edu

10 | JGeleht Argo Department of Geology, University of 0000-0003-0069- argo.joeleht@ut.ee
Tartu, Estonia 5589

1 Liebing Helena GFZ German Research Centre for Geosci- liebing.hel-
ences, Potsdam, Germany ena@gmail.com

11 Liu Shaowen School of Geography and Ocean Science, 0000-0002-9358- shaowliu@nju.edu.cn
Nanjing University, China 9648

1 Ludtke Gwendolin GFZ German Research Centre for Geosci- gwendo-
ences, Potsdam, Germany lin.luedtke@gmail.com

12 Madon Mazlan Malaysian Continental Shelf Project, Na- 0000-0001-5560- mazlan.ma-
tional Security Council, Putrajaya, Malay- 0343 don@gmail.com
sia

5 Negrete-Aranda | Raquel Centro de Investigacion Cientifica y de Ed- | 0000-0003-3049- rnegrete@cicese.mx
ucacién Superior de Ensenada, Baja Cali- 4374
fornia

13 Poort Jeffrey Sorbonne Université, CNRS, Institut des 0000-0001-5964- jeffrey.poort@sor-
Sciences de la Terre de Paris, Paris, France | 9697 bonne-universite.fr

14 Reznik Itay J. Water and Natural Resources, Geological 0000-0002-1932- reznik@gsi.gov.il
Survey of Israel, Jerusalem, Israel 721X

15 Riedel Michael Geomar Helmholtz Centre for Ocean Re- 0000-0001-5729- mriedel@geomar.de
search Kiel, Kiel, Germany 4482

13 Rolandone Frédérique Sorbonne Université, CNRS, Institut des 0000-0001-5339- frederique.rolan-
Sciences de la Terre de Paris, Paris, France | 4275 done@sorbonne-univer-

site.fr

16 Staal Tobias Physics, School of Natural Sciences, Uni- 0000-0002-4323- to-
versity of Tasmania, Australia 6748 bias.staal@utas.edu.au

17 | Verdoya Massimo DISTAV, University of Genoa, Italy 0000-0002-3845- mas-

6914 simo.verdoya@unige.it
18 Wu Jyun-Nai Scripps Institution of Oceanography, Uni- 0000-0003-3403- wjyunnai@ucsd.edu

1. License

Creative Commons Attribution 4.0 International License (CC BY 4.0)

2. Citation

When using the data please cite:

Global Heat Flow Data Assessment Group; Fuchs, S.; Neumann, F.; Norden, B.; Beardsmore, G.; Chi-
ozzi, P.; Anguiano Dominguez, A. P.; Duque, M. R. A.; Ojeda Espinoza, O. M.; Forster, F.; Forster, A,;
Frohder, R.; Fuentes, K.; Hajto, M.; Harris, R.; Joeleht, A.; Liebing, H.; Liu, S.; Ludtke, G.; Madon, M.;
Negrete-Aranda, R.; Poort, J.; Reznik, I. J.; Riedel, M.; Rolandone, F.; Stal, T.; Verdoya, M.; Wu, J.-N.
(2023): The Global Heat Flow Database: Update 2023. V. 1. GFZ Data Services.
https://doi.org/10.5880/fidge0.2023.008



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5880/fidgeo.2023.008

Table of contents

R [0l o LY TP PPTROPPPPPPTN 2
B O 1 - | 1 [0 ] o [PPSR 2
T O F- | = e [ Yol o) o o PSSP 3

3.1, DAta PrOCESSING coeeeei e ——————— 3

I B [T ) B o)V o - | = F PSP PUPPRRROE 3
O 110 1Yo 1] £ o o SRR 4

4.1.  Description of data tables ........cecii i e a e e 4
5. Change 108 and reViSioN STAtUS........ccuiieiiiieeeciiiee e eciieee et e e e e st e e e stte e e eetae e e seataeeesbtaeeesnseaaeeans 6
ST Yol g Lo NNV [=o F =T g T=T o SRR 9
N 0= 1= =Y o ol TS PPPUPPRRNE 9
8.  Database REFEIENCES.....ciiviiiiii ettt et e st e s b e st e sba e e sabeesabeeeneas 9

3. Data description

The data publication contains the compilation of global heat-flow data by the International Heat Flow
Commission (IHFC; www.ihfc-iugg.org) of the International Association of Seismology and Physics of
the Earth's Interior (IASPEI). The presented data update 2023 contains data generated between 1939
and 2022 and constitutes the first intermediate update benefiting from the global collaborative assess-
ment and quality control of the Global Heat Flow Database running since May 2021 (http://assess-
ment.ihfc-iugg.org).

3.1. Data processing

The presented data release considers the structure for reporting and storing heat-flow data in the
Global Heat Flow Database (e.g. Fuchs et al., 2021a). The notation and structure of the database was
introduced with the 2021 release (Fuchs et al., 2021b) and substituted the database structure defined
by Jessop et al. (1976). For details of the database concept and a comprehensive description, including
field desirability classifications and examples of associated data, we refer to Fuchs et al. (2021a).

The new database concept has some distinct key features, namely: it introduces parent elements (list-
ing location-specific information), child elements (heat-flow values with relevant meta-data) and ad-
ditional fields, providing sufficient information for the evaluation of the quality of the heat-flow data.
The new structure also assigns a ‘desirability’ classification to each field according to its relevance for
understanding the quality of the reported heat-flow value; ‘mandatory’, ‘recommended’, or ‘optional’.
This classification defines mandatory fields that delineate minimum requirements for heat-flow values
to be entered into the database.

3.2.Heat-flow data

The data release comprises new original heat-flow data published since May 2021 (the release 2021).
It contains 73,033 heat-flow data from 1,414 publications. 55% of the reported heat-flow values are
from the continental domain (n ~ 40,082), while the remaining 45% are located in the oceanic domain
(n ~ 32,951). The data are generally distributed heterogeneously across the main geological regions,
as shown in Table 1 (e.g., Stal et al., 2022):


http://www.ihfc-iugg.org/
http://assessment.ihfc-iugg.org/
http://assessment.ihfc-iugg.org/

Table 1 Data per plate (used data:

ESRI ARC GIS Plate Lines and Polygons)

Plate Number Frequency (%) Ratio
(frequency per area)
>1: overrepresented

el 73,033 100 <1 underrepresented

African Plate 6,123 8.4% 0.70 -
Antarctic Plate 609 0.8% 0.04 -
Arabian Plate 560 0.8% 0.87 -
Caribbean Plate 676 0.9% 1.73 +
Cocos Plate 2,66 3.6% 6.82 ++
Eurasian Plate - Asia 9797 13.4% 1.14

Eurasian Plate - Europe 10,023 13.7% 2.40

Indo-Australian Plate 2,912 4.0% 0.40 -
Nazca Plate 614 0.8% 0.34 -
North American Plate 27,046 37.0% 2.82 +
Pacific Plate 9,680 13.3% 0.79 -
Philippine Plate 717 1.0% 0.91 -
South American Plate 1,650 2.3% 0.35 -

4. File description

4.1. Description of data tables
File IHFC_2023_GHFDB.csv or IHFC_2023_GHFDB.xIsx contains:

Abbreviations — Level: Parent level (P), child level (C); Scheme: Applicable for borehole and mine data (B), ap-
plicable for probe sensing data in oceans and lakes (S), relevant for all (BS); Classification — Class: Mandatory
(M), Recommended (R), Optional (O); Field: Field number in Fuchs et al. (2021a)

Column header Unit Short description Level Scheme | Class Field
q mW/m? | Terrestrial surface heat-flow (hf) value P BS M 1
after all corrections for instrumental and
environmental effects

g_unc mW/m? | Uncertainty standard deviation (SD) of q P BS R

name - Name of the related hf site P BS M 9
lat ° N-S coordinate P BS M 10
Ing ° E-W coordinate P BS M 11
elevation m Height above or below mean sea level P BS R 12
Ref 1 - Literature reference P BS M 14
g_acq - Year of hf data acquisition P BS 0] 16
env - General geographical setting of site P BS M 17
method - Digestion method for hf measurement P B R 19
expl - Main purpose of original excavation P B R 20
corr_HP_flag - Heat production considered for g? P BS R 23
wat_temp °C Seafloor temperature P S R 33
g_comment - Any further comments P BS 0 34
qc mW/m? | Any kind of heat-flow value (qc) C BS M 1
qc_unc mW/m? | Uncertainty SD of gc C BS R 2
g_method - Method of hf calculation C BS M 3
g_top m Depth of top hf interval C BS M 4




t_bot m Depth of bottom hf interval C B M 5

hf_pen m Penetration depth of marine probe C S R 6

hf_probe m Type of hf probe C S R 7

hf_probel m Length of hf probe C S R 8

g_tf_mech - Specification of predominant heat trans- C BS R 13
fer mechanism

Ref 2 Supporting literature references C BS 0] 15

gc_acq - Year of qc data acquisition C BS 0] 16

childcomp - Child gc used for g calculation? C BS M 18

corr_IS_flag - Conductivity under in-situ pT condi- C BS R 21
tions?

corr_T flag - T data corrected? BS R 22

corr_S_flag - Sedimentation/subsidence effects cor- BS R 24
rected?

corr_E_flag - Erosion effects corrected? C BS R 25

corr_TOPO_flag - Topographic effects corrected? C BS R 26

corr_PAL_flag - Transient climatic effects corrected? C BS R 27

corr_CONV_flag - Convection effect corrected? C BS R 28

corr_BWT_flag - Transient bottom-water temperature ef- C S R 29
fects corrected?

corr_HR_flag - Refraction due to conductivity contrasts C BS R 30
corrected?

geo_lith - Dominant rock type for hf interval BS 0] 31

geo_strat - Stratigraphic age of hf interval BS 0] 32

T _grad_mean_m K/km Measured T gradient BS M 35

eas

T_grad_unc_mea K/km Uncertainty standard deviation of gradT C BS R 36

s

T_grad_mean_co K/km Corrected T gradient C BS 0] 37

r

T_grad_unc_cor K/km Uncertainty SD of corrected gradT BS 0] 38

T_method_top - Method used for temperature determi- B M 39
nation at the top

T_method_bot - Method used for temperature determi- C B M 40
nation at the bottom

T_shutin_top hr Time after end of drilling/end of mud C B R 41
circulation at the top

T_shutin_bot hr Time after end of drilling/end of mud C B R 42
circulation at the bottom

T _corr_top - Correction method applied at the top C 43

T _corr_bot - Correction method applied at the bot- R 44
tom

T_number - Number of discrete temperature points C BS R 45

T_tilt - Tilt of the marine hf probe C S R 46

tc_mean W/(mK) | Mean conductivity in vertical direction C BS M 47

tc_unc W/(mK) | Uncertainty SD of TC mean C BS R 48

tc_source - Nature of the samples C BS M 49

tc_method - Method used for TC determination C BS R 50

tc_satur - Saturation state of the rock sample C BS M 51




tc_pTcond - pT conditions of TC determination C BS M 52

tc_pTfunc - Technique or approach used to consider C BS R 53
pT conditions

tc_numb - Number of discrete TC determinations C BS R 54

tc_strategy - Strategy to estimate the TC over the ver- C BS R 55
tical hf interval

Ref ISGN - International Generic Sample Numbers C BS 0] 56

ID - Unique ID 2023 A

A_dom - Domain A

A _reg - Region A

A_cont - continent A

5. Change log and revision status

The database release 2023 is an update of the previous 2021 release (Fuchs et al., 2021b). The fol-
lowing actions took place:

1) Data without unique reference (with reference information like ‘unpublished data’, ‘personal
communication’ or ‘first publication’) were omitted now. This applied to data from 68 refer-
ences, including 3,132 data.

2) New data from 7 publications with 990 data, published after the release 2021, have been ac-
cepted.

3) Old data from 72 publications with 1,841 data, published before 2021 but not considered in
the 2021 release, have been considered.

4) Data from 208 publications, already contained in the 2021 release, have been systematically
assessed.
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Figure 1: Data statistics

Compared to the last IHFC database release from 2021 (74,548 heat-flow data), 73,033 heat-flow data
from 1,414 publications have been considered for the present release. Circa 20% of publications (287
publications with 12,946 data from 9,761 sites) were revised by 28 contributors. For the reassessed



historical data, mandatory data fields are filled to 83%, while this is the case for only 35% of the data
not assessed yet. 28% of the marine data, and 9% of the continental data are updated so far (overall
rate of 18% of data). Ongoing work aims to expand the catalogue further and improve the representa-
tion of underrepresented regions and settings (Stal et al., 2022).
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Figure 2: Distribution of assessed data.

1: Data omitted due to unclear references

Anderson_etal._1978c, Balobaev_Deviatkin_1971, Balobaev_etal._1973, Brott_etal. 1983, Buachidze_ 1990, Bullard_1954,
Camerlenghi_etal._1992, Carvalho_1981, Cermak_1982a, CUT_UG, Davis_1992, Davis_1992b, Decker_1980a, Demange93,
Devyatkin_1981a,  Dovenyi_Horvath_1985,  Firsov_1990, Fisher_Becker_1991, Foster_1974, Gable_etal._1982,
Horvath_Dovenyi_1991, ImperialCollege, Joshima_etal._1990, Khutorskoy_etal._1983, Kinoshita_2004, Kobzar_etal._1990,
Kotrovskii_etal._1990, Kurchikov_Stavitskiy_1990, Kutas_etal._1975c, KUTh_etal._2009, Lamont-Doherty 1990, Matsub-
ara_2004, Matthews_etal._1972, Nykh etal. 1981, OxfordHFG, Phillips_etal. 1969, Podgornykh_etal. 1990, Rab-
inowitz_Ludwig_1980, Rodnikov_etal._1990, Salman_etal._1990, Shvartsman_etal._1977, Sinica_etal._1978,
Sinica_etal._1979, Smirnov_etal._1990, Smith_etal._1976, Smith_Griffin_1977, Soinov_etal._1979, Statya_etal._2008, Swan-
berg_etal._1974a, Tanaka_etal._1994, Unknown_2000, Uyeda_etal._1964, Veselov_2004, Veselov_Soinov_1973,
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Watanabe_2004, Watanabe_etal._1992, X_etal._1985, X_etal._1986, X_etal._1986a, X_etal._1987, Yamano_2004, Yama-
zaki_etal._1990, Yasui_2004, Yasui_etal._1990, Zolotarev_etal._1990, Zolotarev_unknown, Zuev_Talvirsky_1974, Unspeci-
fied

2-3: Newly added publications:

Afandi_etal._2021, Beck Judge_ 1969, Ben-Avraham_etal._1978, Berndt_etal._2015, Bloomer_etal._1979,
Bullard_etal._1956, Burkhardt_etal._1989a, Burkhardt_etal._1989b, Camelo_1987, Cermak_1979a, Colgan_Wansing_2021,
Curray_etal._1978a, Curray_etal._1978b, Curray_etal._1978c, DellaVedova_Pellis_1986b, Diment_etal._1965a, Doig_1961,
Eckstein_1976, Eckstein_1979, Erickson_etal._1975, Espinoza-Ojeda_etal._2017, Flores-Marquez_etal._1999, Fuchs_Ball-
ing_2016b, Fuchs_etal._2015, Geilert_etal._2018, Glaeser_1983, Gorecki_etal._2011, Grevemeyer_etal._2017, Grif-
fin_etal._1977, Haenel _1969a, Haenel_1969b, Haenel _1969c, Haenel_1969d, Haenel _1970a, Haenel_1972c, Haenel _1973a,
Haenel_1973c, Haenel _1974a, Haenel _1974b, Haenel_1975, Haenel_etal._1983, Haenel_Zoth_1971a, Haenel _Zoth_1971b,
Haenel_Zoth_1975, Huenges_Zoth_1991, Jaeger_Sass_1963, Kaemmlein_etal._2020, Khutorskoy etal._1990, Khu-
torskoy_etal._1994, Kononov_etal._1990, Lister_1970b, Liu_etal._2020, Ludwig_Rabinowtiz_1975, Lyubimova_1969, Macel-
loni_etal._2015, Madon_Jong_2021, Majorowicz_1973a, Mgller_etal._2018, Nason_Lee_1962, Negrete-Aranda_etal._2021,
Neumann_etal._ 2017, Oelsner_1978, Orilski_etal._ 2010, Pefia-Dominguez_etal._2022,  Polyak etal._1996, Po-
pov_etal._2021, Rabinowtiz_Ludwig_ 1980, Reiter_Tovar_1982, Revelle_Maxwell_1952, Riedel_etal._2021, Ryan_1969,
Sass_etal._1976d, Schoessler_Schwarzlose_1959, Schulz_1987, Schulz_1988, Sclater_etal._1970b, Udintsev_etal._1971,
Wesierska_1973, Wronski_1977

4: Assessed publications:

Albert-Beltran_1979, Anderson_1975, Anderson_etal._1976a, Anderson_etal._1976b, Anderson_etal._1978b, Anderson_Ho-
bart_1976, Anderson_VonHerzen_1978, Beardsmore_2004, Beardsmore_2005, Beardsmore_Altmann_2002,
Becher_Meincke_1968, Beck_Mustonen_1972, Benfield_1939, Birch_1964, Birch_1965, Birch_Halunen_1966, Book-
man_etal._1972, Bram_1979a, Bullard_1939, Bullard_Day 1961, Burns_1964, Burns_1970, Burns_Grim_1967, Camerlen-
ghi_etal._1995, Clark_1961, Clark _etal._1978, Collette_etal._1968, Creutzburg 1964, Cull_1980, Cull_1982,
Cull_Denham_1979, Davis_Lister_1977, Diment_Weaver_1964, Duque_Mendes-Victor_1993, Epp_etal. 1970, Erick-
son_1970, Erickson_1973, Erickson_etal._1972, Erickson_etal._1979, Erickson_Hyndman_1979, Erickson_Simmons_1969, Er-
ickson_Simmons_1974, Erickson_VonHerzen_1978a, Erickson_VonHerzen_1978b, Fernandez_etal._1998, Fisher_etal._2001,
Foerster_Foerster_2000, Foster_1962, Foster_etal._1974, Foucher_Sibuet_1979, Fuchs_Foerster_2010, Galanis_etal._1986,
Gallagher_1987, Garcia-Estrada_etal._2001, Gerard_etal._1962, Girdler_1970, Girdler_etal._1974, Gordienko_etal._1984,
Green_etal._1981, Grevemeyer_etal._2009, Grim_1969, Groenlie_etal._1977, Haenel _1970b, Haenel _1971a, Haenel_1971b,
Haenel_1972a, Haenel_1972b, Haenel_1974d, Haenel_1979a, Haenel_1983, Haenel Bram_1977, Haenel_etal._1974, Ha-
lunen_VonHerzen_1973, Henyey_Bischoff 1973, Herman_etal._1977, Hobart_etal._1975, Hobart_etal._1985,
Horai_etal._1970, Houseman_etal._1989, Howard_Sass_1964, Hueckel_Kappelmeyer_1965, Hurter_Haenel 2002, Hynd-
man_1967, Hyndman_1976, Hyndman_etal._1968, Hyndman_etal._1969, Hyndman_etal._1976, Hyndman_Everett_1968,
Hyndman_Rankin_1972, Hyndman_Sass_1966, Jaeger_1970, Jongsma_1974, Kasameyer_etal._1972a, Korgen_etal._1971,
Lachenbruch_Marshall_1966, Lachenbruch_Marshall_1968, Langseth_etal._1965, Langseth_etal._1966,
Langseth_etal._1970, Langseth_etal._1971, Langseth_etal._1972, Langseth_etal._1974, Langseth_etal._1988b,
Langseth_Grim_1964, Langseth_Hobart 1976, Langseth_Taylor_1967, Lavenia_1967, Law_etal._1965, Lawver_1975,
Lawver_etal._1973, Lawver_etal._1975, Lawver_Williams_19789, Lee_Henyey 1975, Lee_VonHerzen 1975,
LeMarne_Sass_1962, Lewis_1983, Lewis_Hyndman_1976, Lilley_etal._1977, Lister_1963a, Lister_1963b, Lister_1970a, Lis-
ter_1972, Lister_Reitzel 1964, MacDonald_20089, Macdonald_etal._1973, Marshall_Erickson_1974, Mat-
thews_Beardsmore_2007, Matthews_etal._2013, Maxwell_Revelle_1956, Meincke_etal._1967, Morgan_1979, Na-
gasaka_etal._1970, Nason_Lee 1964, Newstead_Beck 1953, Norden_etal._2008, Palmason_1967, Paterson_Law_1966,
Poort_etal._2020, Prol-Ledesma_etal._1989, Prol-Ledesma_etal._2018, Purss_Cull_2001, Pye_Hyndman_1972, Reit-
zel_1961a, Reitzel 1963, Reznik_Bartov_2021, Rhea_etal._1964, Risk_Hochstein_1974, Rolandone_etal._2020,
Rysgaard_etal._2018, Sass_1964a, Sass_1964b, Sass_etal._1967, Sass_etal._1972, Sass_etal._1976b, Sass_LeMarne_1963,
Sass_Munroe_1970, Schubert_Peter_1974, Schuech_1973, Sclater_1966, Sclater_Corry_1967, Sclater Erickson_1974,
Sclater_etal._1970a, Sclater_etal._1970d, Sclater_etal._1971, Sclater_etal._1972, Sclater_etal._1974b, Sclater Klit-
gord_1973, Shalev_etal._2013, Smith_1974, Smith_etal._1979, Talwani_etal._1971, Tezcan_Turgay 1991, Urban_Tsy-
bulya_1988, Uyeda_etal._1962, Uyeda Horai_1964, Vacquier_etal._1966, Vacquier_etal._1967, Vacquier_Taylor_1966,
Vacquier_VonHerzen_1964, Verzhbitsky Zolotarev_1989, VonHerzen_1959, VonHerzen_1963, VonHerzen_1964, VonHer-
zen_1973, VonHerzen_Anderson_1972, VonHerzen_etal._1970, VonHerzen_etal._1971, VonHerzen_etal._1974, VonHer-
zen_Langseth_1965,  VonHerzen_Maxwell_1964,  VonHerzen_Simmons_1972,  VonHerzen_Uyeda_1963,  VonHer-
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