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Objectives

o Palynology - Establish more precise ages for Mid-Carboniferous 

marginal to non-marine strata in central Montana 

o Confirm the presence or absence of a regional sequence boundary 

between the Heath and Tyler formations

o Constrain timing of climatic changes in central Montana and compare 

with timing of Gondwanan glacial advances and retreats
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Mid-Carboniferous Stratigraphy
Central Montana
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o Study of Heath-Tyler
o Heath - stratigraphically 

highest formation in the Big 
Snowy Group – historically 
considered Chesterian in age

o Tyler – lower formation in 
Amsden Group

o Marginal marine & non-
marine interval poorly dated 
using macrofossils

o Detrital Zircon work has not 
yet yielded good MDAs

Modified from Bottjer, et al. (2019); Vuke, et al. (2007), 
Derkey, et al. (1985); Maughan (1984);  Gutschick, et al. 
(1980); Maughan and Roberts (1967)



Central Montana Carboniferous Schematic Lithostratigraphic Correlation Chart 
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Carboniferous Stratigraphy – Definitions
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Palynology Results – Examples of Some Key Miospores

Alaska Bench

Cameron 
Creek

Bear Gulch

Upper 
Heath

Cox Ranch

“Winnett 
Shale”

Van Dusen

Lower Heath

OTTER

Potter Creek Coal

Coal

Stonehouse  
Canyon

SB

SB

SB

SB

RSME

H
EA

TH
TY

LER

Not to Scale

Paly. 
Zone

Age (Ma)

305

310

315

320

325

330

335

340

345

Int. 
Stage

M
o

sc
o

vi
an

B
as

h
ki

ri
an

Se
rp

u
kh

o
vi

an
V

is
e

an

Tour.

PU

TS

TC

NM

VF

NC
TK

SO

FR

KV

SL

NJ
RA
SS

CM

A
la

sk
a 

B
e

n
ch

 “
B

e
ac

o
n

 H
ill

” 
O

u
tc

ro
p

H
it

 P
ar

ad
e

 
C

o
re

R
o

ck
 H

ap
p

y 
C

o
re

K
in

ch
e

lo
e

1
1

-2
3

H
 c

o
re

Sc
h

m
id

t 
4

4
-2

7
H

 c
o

re

TK

SO

SO-KV?

KV?

KV?

KV

SO?

SO?

NC -
VF?

TK-
SO?

VF

TC

TC

TC

TC

TC

VF

VF

p
o

o
r 

re
co

ve
ryVF

VF

VF

TC-NM

TC-NM

TC-NM

TC-NM

C
o

ve
re

d
 in

te
rv

a
l

PU (or younger)

TS

TS

TS

VF

VF

NM

NM

TC-TS?

Rotaspora fracta
VF zone – BRIGANTIAN- LATEST 
VISEAN (range VF to TK)
Rock Happy smpl. 7-1+25-40x-
34-113-42um

Potonieisporites densus
KV zone – BASHKIRIAN – PENN
Hit Parade CIC2336-1-HF-trab-25-
110-40x-75um

Lycospora pusilla
VISEAN OR YOUNGER

(Range PU to Penn) 

Rock Happy smpl. 5 

(present in all samples), 

26 um

Tripartites vetustus
VF Zone - BRIGANTIAN - LATE 
VISEAN (range VF to TK)
Hit Parade smpl. 6 (also Rock 
Happy smpl. 6, & others), 50 µm

Schulzospora campyloptera
FAD TC zone - MID-VISEAN TO EARLY 
SERPUKHOVIAN (range TC - TK zone) 
Rock Happy UI693- sample 7-1+25-
40x-37-108-83um

TY
LE

R

LEGEND

H
EA

TH



Lithostratigraphic Chart - Miospore Chronostratigraphic Data 
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Central Montana Carboniferous Paleoclimates
Mid-Visean Lower Heath

(Van Dusen zone, TC paly zone)
• 4-6 regionally correlative 5th

order sequences in 83 ft. 
interval (25.4m), coal at base, 
paleosol at top of each

• Sub-humid & cyclic
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Late Visean Middle Heath
(Cox Ranch – Red Hill zones, 

TC-NM-VF paly zones) 
• Forced regression overlain by 

shallow marine dolostones, 
dolomitic microbialites, & 
supratidal anhydrites

• Very arid climate
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Mid-Serpukhovian – Early 
Bashkirian Tyler 

(Stonehouse Canyon Mbr.,
TK-SO-KV paly zones, 

• Basal erosion with > 400 ft. 
(129m) relief 

• Abundant plant and wood 
fragments – more humid 
environment

• Active fluvial processes, transport 
of sand & pebbles 6
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RSME

Bashkirian Tyler
(Cameron Creek Mbr.,

KV paly zone)
• Fluvial channels with fine-coarse 

sand, oxidized wood fragments
• Laminated red & gray mudrocks
• Alternating wet & dry seasons
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Central Montana Carboniferous Paleoclimates



Early Serpukhovian wet 
humid climate ➔ onset of 

major Gondwanan glaciations 

Global 
Implications & 

Conclusions 
Bashkirian Seasonal wet & dry  

climate ➔ onset of 
Gondwanan glacial maximum

Late Visean Arid (anhydrite)  ➔
widespread Gondwanan warm 

period & glacial retreat

Mid-Visean cyclicity + humid 
climate ➔minor glacial 
advances in Gondwana? 

Global time scale, international stages, North American stages, most western Europe stages  from Davydov et al 2012 Ch 23 in Gradstein, partially modified by Ogg, et al., 2016
Palynology Zones for western Europe from diPasquo and Iannuzzi (2014) and McLean et al 2013; Visean Subdivisions from diPasquo & Iannuzzi (2014) and McLean etal 2013

Warming, glacial retreat

Gondwanan glaciations



CONCLUSIONS
• Palynological interpretations determine that the Heath ranges from mid-Visean to early 

Serpukhovian, and the Tyler is mid-Serpukhovian to early Bashkirian. 

• The Mississippian-Pennsylvanian boundary is within the upper Stonehouse Canyon 
Member of the Tyler, stratigraphically above the Bear Gulch Limestone

• Lithofacies document an episodic change in climate from arid to sub-humid to arid to very 
wet and humid. 

• Climatic changes in central Montana correspond to climatic changes and glacial 
advances/retreats in Gondwana

• Next Steps - Incorporate new age determinations and climatic interpretations into detrital 
zircon analyses (humid/fluvial vs arid/aeolian processes) – Devon Orme at Montana State 

To experience the Heath-Tyler lithofacies in person, attend our short course core 
workshop at the GSA Rocky Mountain Section meeting in May 2023! 



Thank You!

View to North from Sacajawea Peak in the Bridger Range, southwestern Montana
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After Saltzman (2003) Geology v.31, p.151-154
And Nance et al. (2012) Geoscience Frontiers v3, p. 125-135

~ 340 Ma Meramecian (mid-Visean) 

Approximate position of central 
Montana

~ 320 Ma Morrowan (mid-Bashkirian) 

Late Paleozoic Ice 
Age Caused by 

Closure of Rheic
Ocean? 

AC = Arrow Canyon, Nevada, 
Miss.-Penn. GSSP

MC = Midcontinent USA
RP = Russian Platform
GB = Great Britain
AL = Algeria
SP = Spain

Subequatorial 
current flows 
between Gondwana
& Laurussia

Tectonic closure of 
seaway cuts off current

Tethys 
Ocean

Rheic
Ocean

Does new 
data reveal 

the timing of 
closure of the 
Rheic Ocean? 

How did 
closure of the 
Rheic Ocean 
affect North 

American 
climate? 





Mid-Carboniferous 

Central Montana 

Stratigraphic Correlation Chart

o Top of Heath = Sequence Boundary, Overlain 

by Tyler Formation

o New high-resolution palynology

o Detrital Zircon analyses of Kibbey, Tyler, 

and Quadrant in progress

o Bear Gulch Limestone & most of Stonehouse 

Canyon Member of Tyler = Mississippian Age 

(Serpukhovian - Chester)

o Informal Subdivisions within Heath

o Updated stratigraphic architecture and 

nomenclature in progress

Modified from Bottjer, et al. (2019); Derkey, et al. 
(1985); Maughan (1984);  Maughan and Roberts (1967)
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