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LATE DEVONIANLATE DEVONIAN
•• GondwanaGondwana GlaciationGlaciation – first described in 

B il d d i t B li i d PBrasil, expanded into Bolivia and Peru, 
probable beds in Central African Republic and 
Niger and Appalachians (C t 1985 I t l 1999 2008Niger, and Appalachians (Caputo, 1985; Isaacson et al., 1999, 2008; 
Diaz-Martinez, 2004; Censier, et al., 1995; Lang  et al., 1991; Brezinski et al., 2010)



Late Devonian carbon dioxide drop

Cox et al., 2001



FIRST FIRST DESCRIPTION:DESCRIPTION: DEVONIAN GLACIATIONDEVONIAN GLACIATION
Brasil

D iD i Gl i lGl i l GG

AmazonásAmazonás and and SolimöesSolimöes basins’ subsurfacebasins’ subsurface
Brasil

and
Devonian Devonian Glacial Glacial Grooves    Grooves    

ParnaParnaíbaíba BasinBasin

Caputo, 1985, and Caputo, 1985, and unpubunpub. photos. photos



Glacial Glacial clastsclasts::
CC áá F B li iF B li iCumanCumanáá Fm., BoliviaFm., Bolivia

fractured fractured siliciclasticsiliciclastic clastsclasts

quartz quartz monzonitemonzonitestriated argillitestriated argillite



Bedded quartz arenite clast

smaller clasts, mostly quartzite



Preliminary estimate of ice extentPreliminary estimate of ice extent
1,600,000 km2 minimum

Isaacson et al., 2008  Isaacson et al., 2008  



FamennianFamennian palynologypalynology
CumanáCumaná Fm.Fm.Cu a áCu a á

VavrdováVavrdová et al., 1993et al., 1993

R lepidophytaR. lepidophyta

M b ili i U. saharicumM. brasiliensis
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• Frasnian(?) and Famennian mass extinctionsFrasnian(?) and Famennian mass extinctions 
caused by End Devonian glaciation (McGhee, 2013)
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• PROBLEM: Proxy sections necessary to date 
glacial ice advances and retreats



Sappington FormationSappington Formationpp gpp g
MontanaMontana

• Ideal proxy section deposited at low 
paleolatitudepaleolatitude



Late Devonian Correlative Shale Formations

Leatham Sweetland

SappingtonSappington
Antrim

Sweetland
Creek

New 
Albany

Percha

Sonnenburg and Pramudito, 2009; Blakey, 2005.



Sappington FormationSappington Formationpp gpp g
MontanaMontana

• Ideal proxy section deposited at low 
paleolatitudepaleolatitude

• Bridges D-C boundary (excellentBridges D C boundary (excellent 
biostratigraphy potential)



Preliminary palynomorph recovery
Di Pasquo et al. (2012)



Retispora lepidophyta
Current project: Warren

Retispora lepidophyta
• Key Strunian (very latest• Key Strunian (very latest 

Devonian, at D-C boundary) index 
fossil 

i f l d l t• miospore – from land plant
• Widely distributed in North 

America, South America, Russia, 
China, Australia, Europe, Africa

• Found in Middle Member 
Sappington at Frazier Lake and Sapp gto at a e a e a d
Logan Gulch localities (Warren)

• Thermal maturation in early oil 
generation (2+ to 3) window

This important taxon
was not found in 
Di Pasquo et al. (2012)
studygeneration (2+ to 3) window study.



Other MiosporesOther Miospores
Vallatisporites vallatus
mid Strunian Tournasian

Grandispora saurota
mid Strunian Tournasianmid-Strunian - Tournasian mid-Strunian - Tournasian



Marine AcritarchsMarine Acritarchs
Gorgonispaeridium plerispinosum

late Frasnian end Str nian
Micrhystridium

Frasnian To rnasianlate Frasnian – end Strunian Frasnian - Tournasian



Middle Shale BiostratigraphyMiddle Shale Biostratigraphy
= mid- to late- Strunian

Middl M b

Concurrent range 
zone for Middle 
Member 

Middle Member
Concurrent 
Range Zone

From Playford and McGregor, 1993



Conodonts
Very abundant in some units, suggesting current reworking 
and possible recycling. 

Bedding plane with several S elements Photomicrograph with P elements
Smith River, Unit 22                                lower siltstone

Bedding plane with several S elements               Photomicrograph with P elements



Siphonodella isosticha (P element)

Lower Mississippian zone named for this taxon (note: 
P elements are essential for biostratigraphy) indicating

Thermal Alteration Index (TAI) = 1.5-2.0, approx. 70 -130 Co o

P elements are essential for biostratigraphy), indicating 
that three Tournaisian (Kinderhookian) conodont zones 

are missing

Bar = 1 mm

Scallion Mbr., Lodgepole Fm. at L-C Caverns



Sappington FormationSappington Formationpp gpp g
MontanaMontana

• Ideal proxy section deposited at low 
paleolatitudepaleolatitude

• Bridges D-C boundary (excellentBridges D C boundary (excellent 
biostratigraphy potential)

• Several depositional environments, including 
marine, peri-tidal and paleosol settings with , p p g
subaerial exposure and unconformities



European
Black shalesBlack shales

and 
mass extinctions

Hangenburg event
and end Famennian
Mass extinction

Kellwasser event 
and F/F mass
extinction

Grader, 2012



Wheeler Diagram

SB 44th  Gondwana Ice Advance

359

3rd  Gondwana Ice Advance SB 3

Ma

361
Ma

2nd Gondwana Ice Advance SB 2

MaSB 11st Gondwana Ice Advance

Globally Correlatable SBs 

(Haq and Shutter, 2008); (Sandberg et al., 1972)



“I know one thing, and that is I know nothing.”“I know one thing, and that is I know nothing.”

Socrates, ca 410 BC


