




Maslo, A., Vachard, D., 1997. Inventaire critique des Eostaffellinae (Foraminifères) du Carbonifère. Revue de 

Micropaléontologie 40, 39–69. 

Metcalfe, I., 2006. Palaeozoic and Mesozoic tectonic evolution and palaeogeography of East Asian crustal 

fragments: The Korean Peninsula in context. Gondwana Research 9, 24-46. 

Mayhew,P.J., Bell, M.A., Benton, T.G. and McGowan, A.J. 2012. Biodiversity tracks temperature over time. 

PNAS, published on-line, September 4, 2012, p.1-5. 

Mory, A.J., Backhouse, J., 1997. Permian stratigraphy and palynology of the Carnarvon Basin, Western 

Australia. Geological Survey of Western Australia Report 51, 41 pp. 

Mory, A.J., Beere, G.M., 1988. Geology of the onshore Bonaparte and Ord Basins in Western Australia. 

Geological Survey of Western Australia Bulletin 134, 179 pp. 

Mory, A.J., Redfern, J., Martin, J.R., 2008. A review of Permian–Carboniferous glacial deposits in Western 

Australia. Geological Society of America Special Paper 441, 29–40.  

Murray, J., 2006. Ecology and Applications of Benthic Foraminifera. Cambridge University Press, Cambridge, 

50, 426pp.  

Needham, C. E. 1937. Some New Mexico Fusulinidae, New Mexico School Mines Bull. 14. pp. 88. 

Nilsson, I., and Davydov, V.I. 1997.  Fusulinid biostratigraphy in Upper Carboniferous (Gzhelian) and Lower 

Permian (Asselian-Sakmarian) succession in Spitsbergen, Arctic Norway Permophiles, no 30, p.18-27.  

Nogami, Y., 1963. Fusulinids from Portuguese Timor (Palaeontological Study of Portuguese Timor, 1). 

Memoirs of the College of Science, Univeristy of Kyoto, Series B, 30, 59–69. 

Playford, P.E., Cockbain, A.E., Low, G.H., 1976. Geology of the Perth Basin Western Australia. Geological 

Survey of Western Australia Bulletin 124, 311 pp. 

Rauser-Chernousova, D.M., & Fursenko, A.V. 1937. Spravochmik foraminifer heftenosnykh raionov SSSR. 

Part 1. Moscow, pp. 3-320 (In Russian) 

Rauser-Chernousova, D.M., Gryzlova, N.D., Kireeva, G.D., Leontovich, G.E., Safonova, T.P., Chernova, E.I., 

1951. Srednekamennougol’nye Fuzulinidy Russkoy Platformy I soprefel’nykh oblastey. Akademiya 

Nauk SSSR, Institut Geologicheskiy Nauk, Moscow.  

Rauser-Chernousova, D.M., and Scherbovich,  S.F.. 1958. Schwagerinovyi Gorizont Tsentral’noi chasti Russkoi 

Platformi, in V.V. Menner (Ed.) Schwagerinovyi Gorizont in podstilayushchie otlozheniya Russkoi 

Platformi. Transactions of Geological Institute of Academy of Sciences of USSR, 13, 3-56, (In 

Russian). 

Reeckmann, S.A., Mebberson, A.J., 1984. Igneous intrusions in the North-West Canning Basin and their impact 

in oil exploration. In: Purcell, P.G. (Ed.), The Canning Basin, W.A.: Proceedings of Geological Society 

of Australia, Petroleum Exploration Society of Australia Symposium, Perth 1984; pp. 389–399.  

Remizova, S.T. 1995. Foraminifer i biostratigraphiay verknego karbona Severnogo Timana. Transactions of 

KOMI Scientific Centre of Uralian branch of Russian Academy of Sciences, Syktyvkar (In Russian). 

Ross, C.A., 1982. Paleobiology of fusulinaceans. Proceedings  of the North American Paleontological 

Convention 3, 441–445. 

Ross, C. A., 1995. Permian fusulinaceans. In: Scholle, P.A., Peryt, T.M., Ulmer-Scholle, D.S. (Eds.). The 

Permian of Pangea; Volume I, Paleogeography, paleoclimates, stratigraphy, Springer-Verlag, Berlin, 

Federal Republic of Germany, pp. 167-185.  

Ross, C.A., Ross, J.R.P., 1995. Foraminiferal zonation of Late Paleozoic depositional sequences. Marine 

Micropaleontology 26, 469–478. 

Ruzhencev, V.E., Biostratigrafiya sakmarskogo yarusa v Aktyubinskoi oblasti Kazakhskoi SSR, Trudy 

Paleontologicheskogo Instituta  Academii Nauk SSSR. (Biostratigraphy of the Sakmarian Stage in the 

Aktyubinsk Region of the Kazakh SSR: Proc. Paleontol. Inst. Acad. Sci. USSR, 42, Moscow, 89 pp. 

Samuelsberg, T. J., Elvebakk, G., and Stemmerik, L., 2003.  Late Palaeozoic evolution of the Finnmark 

Platform, southern Norwegian Barents Sea. Norsk Geologisk Tidsskrift, 83. (4), 351-362. 

Sanderson, G.A.,  1966 Presence of Carboniferous in West Sarawak. Bulletin of the American Association of 

Petroleum Geologists, vol.50, issue, part 1, p. 578-580. 

Schmitz, M.D., Davydov, V.I., 2012. Quantitative radiometric and biostatigraphic calibration of the 

Pennsylvanian–Early Permian (Cisuralian) time scale and pan–Euramerican chronostratigraphic 

correlation. Geological Society of America, Bulletin 124, 549–577. 

Schubert, R., 1915. Die Foraminiferen des jüngeren Paläozoikums von Timor. Paläontologie von Timor 2, 49–

59.  

Sjomina, S.A. 1961. Stratigraphiya i foraminiferi (fuzulinidi) of Schwagerinovogo Gorizonta 

Oksko-Tsninskogo Vala. Transactions of Geological Institute of Academy of Science of the U.S.S.R., 

57, pp.1-72 (In Russian). 

Skaug, M., Dons, C. E., Lauritzen, O., and Worsley, D., 1982. Lower Permian palaeoaplysinid bioherms and 

associated sediments from central Spitsbergen. Polar Research 2, 57-75.  

17



Skwarko, S.K., (Ed.), 1993. Palaeontology of the Permian of Western Australia. Geological Survey of Western 

Australia Bulletin 136, 417 pp.  

Stanley, S.M., 1984. Temperature and biotic crises in the marine realm. Geology 12, 205–208. 

Stemmerik, L., Larson, P. A., Larssen, G. B., Mork, A., and Simonsen, B. T. 1994. Depositional evolution of 

Lower Permian Palaeoaplysina build-ups, Kapp Duner Formation, Bjornoya, Arctic Norway. 

Sedimentary Geology92. 3-4(September 1994): 161-174. 

Stephenson, M.H., 2009. The age of the Carboniferous–Permian Converrucosisporites confluens Oppel 

Biozone: new data from the Ganigobis Shale Member (Dwyka Group) of Namibia. Palynology 33, 

167–177.  

Stollhofen, H., Stanistreet, I.G., Bangert, B., Grill, H., 2000. Tuffs, tectonism and glaciallyrelated sea-level 

changes, Carboniferous–Permian, southern Namibia. Palaeogeography, Palaeoclimatology, 

Palaeoecology 161, 127–150.   

Thompson, M.L., 1936.  Lower Permian fusulinids from Sumatra. Journal of  Paleontology 10, 587–592. 

Thompson, M.L., 1949. The Permian fusulinids of Timor. Journal of Paleontology 23,  182–192. 

Ueno, K., Wang, Y., and Wang, X., 2003. Fusulinoidean faunal succession of a Paleo-Tethyan oceanic 

seamount in the Changing-Menglian Belt, west Yunnan, southwest China; an overview. Island Arc, 12 

(2), 145-161.   

Vachard, D., 1990. A new biozonation of the limestones from Terbat area, Sarawak, Malaysia, in: Fontaine H 

(Ed.), Ten years of CCOP Research on the Pre-Tertiary of East Asia. CCOP Techn. Publ. 20, 183-208. 

Vachard, D., Munnecke, A., and Servais, Th., 2004. New SEM observations of keriothecal walls; implications 

for the evolution of Fusulinida. Journal of Foraminiferal Research, 34 (3), 232-242.   

Vergel, M., 2008. Palynology of late Palaeozoic sediments (Tupe Formation) at La Herradura Creek, San Juan 

province, Argentina. Alcheringa: An Australian Journal of Palaeontology, 32, 339–352, 

Vilesov, A.P., 2000. Fusulinid-based Zonation of the Melekhovian Horizon (Upper Carboniferous, Gzhelian 

Stage) in the Perm’ Region. Stratigraphy and Geological Correlation, 8 (5), 447-460. 

Volozhanina, P.P., 1962. Fuzulinidi verkhnego karbona Timano-Pechori. Voprosi Micropaleontologii, 6, 116-

146 (In Russian). 

Wahlman, G.P., 2002. Upper Carboniferous-Lower Permian (Bashkirian-Kungurian) mounds and reefs.  Special 

Publication, Society for Sedimentary Geology, 72, 271-338. 

Waterhouse, B., 2011. Origin and evolution of Permian brachiopods of Australia. Memoirs of the Association of 

Australasian Palaeontologists 41, 205–228.  

Watkins, R., and Wilson, E. C., 1989.Paleoecologic and biogeographic significance of the biostromal organism 

Palaeoaplysina in the Lower Permian McCloud Limestone, eastern Klamath Mountains, California. 

Palaios, 4 (2),  181-192. 

Winguth, A.M.E., Heinze, C., Kutzbach, J.E., Maier-Reimer, E., Mikolajewicz, U., Rowley, D., Rees, A., 

Ziegler, A.M., 2002. Simulated warm polar currents during the Middle Permian. Paleoceanography 17, 

1–19. 

Wopfner, H., 1999. The Early Permian deglaciation event between East Africa and northwestern Australia. 

Journal of African Earth Sciences 29, 77–90.  

Wopfner, H., Jin, X.C., 2009. Pangea Megasequences of Tethyan Gondwana-margin reflect global changes of 

climate and tectonism in Late Palaeozoic and Early Triassic times — A review.  Palaeoworld 18, 169–

192.  

Xiao, W., Wang, H., Zhang, L., and Dong, W., 1986. Early Permian Stratigraphy and faunas in Southern 

Guizhou. People’s Publishing House of Guizhou, pp. 1-364. 

Ziegler, A.M., Hulver, M.L., Rowley, D.B., 1997. Permian world topography and climate. In: Martini, I.P. 

(Ed.), Late Glacial and Post-Glacial Environmental Changes—Quaternary, Carboniferous-Permian and 

Proterozoic. Oxford University Press, New York; pp. 11-146. 

  

18

elizabethwalker
Text Box
NOTICE: this is the author's version of a work that was accepted for publication in Palaeogeography, Palaeoclimatology, Palaeoecology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Palaeogeography, Palaeoclimatology, Palaeoecology, (2013). DOI: 10.1016/j.palaeo.2013.01.022




Explanation of figures 

 

Figure 1.  Position of Timor within the East Gondwana rift system after the Early Permian rifting (Metcalfe, 

2006) of the SIBAMASU / Cimmerian continental terrane along the Meso / Neo Tethyan ocean boundary 

(modified from Harrowfield et al., 2005).  Within the interior-rift system, dash lines indicate positions of rifts 

during final continental breakup (at 155 Ma in the vicinity of Timor; 136 Ma off southwest Australia; Heine and 

Müller, 2005). Palaeolatitudes follow Li and Powell (2001).   

           

Figure 2.  STRM image of Timor (compiled from NASA US Shuttle Radar Topography Mission images) 

showing the location of the Kulau study site.  The insert map shows Timor as part of the non-volcanic Outer 

Banda Arc.   

  

 Figure 3. Map of Timor showing extent of Gondwana Megasequence (including the Maubisse Formation) and 

the outcrop at Kulau. Insert image A is an aerial photograph of the Kulau area; image B is an enlarged view 

showing the extent of the studied bioherm. 

    

Figure 4. Stratigraphic log of the studied bioherm showing position of collected samples listed in Tables 1-3 and 

referenced in the text. 

 

Figure 5. Massive limestone unit (MLU) comprising the basal massive photozoan sub-unit (MPSU) and 

overlying massive heterozoan sub-unit (MHSU).  A) contact between vesicular basalt (v) and overlying massive 

limestone (l) of MPSU with a ‘reef’ framework, locality 6. B) framework of aborescent algae? (a) and colonial 

rugose corals from the MPSU, locality 6.  C) large gastropods (g) and coral fragments (c) with a framework of 

arborescent algae (?) from the MPSU, locality 6. D) branching corallum (c) with large diameter corallites from 

the MPSU locality 6. E) cliff section of massive limestone unit (MLU) overlain by the bedded grainstone unit 

(BGU) at locality 4, dashed line indicates contact of MLU with the underlying vesicular basalt.  F) massive 

limestone unit showing contact between bedded grainstone unit (BGU) and the MLU, the latter displays karstic 

weathering, locality 2.  G. base of MLU showing “lens” of limestone (l) within basalt below the main contact 

with MLU where person is sitting, locality 6.  

   

Figure 6. Bedded grainstone unit (BGU). A) BGU in river, locality 6. B) Enlarged view of outcrop showing 

bedding pattern comprising more friable laminae to thin beds of mudstone alternating with limestone beds, 

locality 6. C) Cliff face outcrop showing lower beds of BGU with evidence for lateral variation in limestone bed 

thicknesses (e.g. black arrow) and symmetrical wave ripple crests (see inset showing area within black box) 

defined by laminae of mudstone, locality 5. D) BGU showing a limestone dominated interval with thin beds to 

laminae of friable red mudstone, locality 2. E) Laminae of mudstone within limestone beds of the BGU often 

define flaser (f), wavy (w) or planar cross-laminated (p) sedimentary structures, locality 2. 

 

Figure 7. Late Gzhelian-early Asselian paleogeography (from Blakey, 

http://jan.ucc.nau.edu/rcb7/mollglobe.html with slight modifications) showing distribution of buildups; highly 

diverse tropical fusulinid and less diverse temperate  (Schellwienia-Schwagerina dominated) faunas. 1, Texas, 

New-Mexico and Arizona; 2, North America Great Basin; 3, McCloud; 4, Yukon, Alaska; 5, Canadian Arctic; 

6, Spitsbergen and Barents Sea; 7, Timan-Pechora; 8, Russian Platfortm and Southern_Urals; 9, Donets Basin; 

10, Pre-Caspian; 11, Central_Asia; 12, Carnic_Alps; 13, North_China; 14, South_China; 15,  Central Iran,  

Sanandaj-Sirjan Zone; 16, Yunnan (Sibumasu); 17, Timor   

 

Figure 8. Correlation chart comparing known faunas in Timor, Sarawak, Sumatra and Western Yunnan with the 

fusulinid zones and regional stages in the Urals.    

 

Figure 9. Correlation chart comparing the Timor succession with units known further south in the East 

Gondwana rift system. In Timor, the stratigraphy above the Gzhelian is schematic with precise positions of 

bioherms, bedded limestone and reworked volcanic units uncertain. In the Bonaparte, Canning, Southern 

Carnarvon, and Northern Perth Basins, the ages of the lower parts of the Kulshill Group, Grant Group, Lyons 

Group, and Nangetty Formation are uncertain but may range down into the Gzhelian (see discussion in Section 

6.4) 

 

Figure 10. Correlation charts of marine beds within the Carboniferous-Permian transition of Cimmerian blocks, 

Central Asia, Urals and North American Midcontinent with the data on fusulinid biodiversity from Northern 

Pangaea (Davydov et al., 2012). Note, the highest peak in diversity coincides with the global warming spike 

documented in Timor and elsewhere and lower diversity correspond with glacial events.  

19

elizabethwalker
Text Box
NOTICE: this is the author's version of a work that was accepted for publication in Palaeogeography, Palaeoclimatology, Palaeoecology. Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Palaeogeography, Palaeoclimatology, Palaeoecology, (2013). DOI: 10.1016/j.palaeo.2013.01.022



