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Abstract

The Heath and Tyler formations of central Montana have been the subject of much study and debate since the Tyler Formation was named in
1922 by Freeman and the Heath was named as the uppermost formation in the Big Snowy Group by Scott in 1935. Numerous workers in the
1950s and 1960s debated whether strata assigned to the Tyler are a mappable unit, the existence of an unconformity between beds assigned to
the Tyler and the Heath, and the age of the Tyler. Paleontological studies of the Bear Gulch Limestone began in 1968 and clearly document
that it is latest Mississippian in age, and therefore the underlying units, including the Lower Tyler (or Stonehouse Canyon Member of the
Tyler), must also be Late Mississippian in age. Studies that have focused on outcrops in the Big Snowy uplift typically regard strata known to
most workers as Lower Tyler and Bear Gulch Limestone as the uppermost beds of the Heath Formation. However, regional stratigraphic
correlations document a sequence boundary with more than 400 feet of relief between clastic-rich sedimentary strata of the Lower Tyler and
marine strata of the Heath. The Lower Tyler is largely confined to incised valleys cut into the underlying Heath, so this erosional relief and
much of the Lower Tyler are only locally present.

This study proposes modifications to existing stratigraphic correlation charts for the Carboniferous in central Montana. The base of the Heath
Formation/top of the Otter Formation should be re-defined as the top of a laterally persistent oolitic limestone bed that is regionally correlative
in the subsurface and is mappable at the surface (Scott, 1935). The current definition of the top of the Otter as the “first green shale” is neither
consistent nor mappable. The top of the Heath Formation and the top of the Big Snowy Group should be defined as the sequence boundary
above which fine to coarse-grained sandstones are present. The clastic-bearing unit above the Heath, largely present in incised valleys, and the
Bear Gulch Limestone are Late Mississippian in age and should be included in the Tyler Formation. Further paleontological studies should be
undertaken to better define the ages of strata between the lower Heath and the Bear Gulch Limestone.

The overlying Cameron Creek Member (upper Tyler) is separated from the Bear Gulch by at least one sequence boundary. These strata are
Morrowan (Pennsylvanian) in age and are most closely affiliated with the overlying Alaska Bench. Paleontological data from the dark gray
shales and sandstones within the Upper Tyler incised valley fills is lacking, and these could be either latest Mississippian or Early
Pennsylvanian. If these strata are included in the Tyler Formation, the Mississippian-Pennsylvanian Boundary is within the Tyler. Additional



studies are needed to determine the true stratigraphic affiliations of the “Becket Beds” and the “Surenough Beds”. New core data help
subdivide internal strata within the Heath Formation. Past attempts at internal subdivision of the Heath have suffered from poor outcrops and
limited core (lithological) control. Core to log calibrations and ensuing regional correlations allow informal definition, in ascending order, of
the lower Heath, Van Dusen zone, Cox Ranch Qil Shale Interval (expanded from the original definition), Heath Carbonate unit (which has the
Loco Ridge Gypsum bed at the top), a lowstand basin fill shale, carbonate, and gypsum unit, and the upper Heath.
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Presenter
Presentation Notes
Thanks for your attendance and interest.  Since this meeting was in Billings only an hour drive away from these rocks, I thought it would be a good opportunity to discuss some of my observations on the Carboniferous Heath-Tyler interval in central Montana. I will make some recommendations regarding how we look at the stratigraphy of this interval.  Ron Drake showed earlier that there is a large oil resource in the Heath in central Montana and I will discuss some of the details of the stratigraphy today.  This is a work in progress and I am looking for feedback and suggestions.  
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Presenter
Presentation Notes
Study area is in central Montana about 1 hour drive north of Billings. Late Mississippian (in green) & Early Pennsylvanian strata are preserved in an east-west basin called the Big Snowy Trough that connected the Williston Basin with the paleo-Pacific ocean. The Big Snowy Trough is a reactivated part of a late Precambrian Aulacogen and acted as a depocenter through much of the late Paleozoic. Parts of it were reactivated and inverted in the Tertiary resulting in a structural high in present-day central Montana.  
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Presenter
Presentation Notes
A part of a Glaciation and Sea Level chart for the latest Mississippian and Pennsylvanian, modified from Rygel et al 2008.  Note the documented glaciations starting in the Serpukhovian (late Chester) and the associated sea level changes associated with advance and retreat of Gondwanan glaciers.  Eustatic sea level changes of more than 200 meters occurred during these times.  Cratonic areas could see dramatic shifts in shoreline position as a result of a 200 meter sea level change.  


Study Location — Central Montana
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Presenter
Presentation Notes
Study area location map, 50 to 80 miles north of Billings.  Mississippian – Pennsylvanian exposures shown in blue and brown in the Little Belt and Big Snowy Uplift areas.  Carboniferous production shown with colored circles, Amsden blue, Tyler red, Heath green. Heath oil was discovered at Devils Basin in 1919. Cores shown with yellow stars.  


KEY PROBLEMS & ISSUES

Base of Heath Definition

o “First Green Shale” is NOT Consistent Nor is it Mappable
o Alternative Recommended

Top of Heath Definition
o Unconformity with Tyler — Regional or Local?
o Continuous Deposition from Heath up into Bear Gulch?

Use of the Term “Tyler”

o0 Bear Gulch & Lower Tyler (Stonehouse Canyon) included in Heath or
Separated from Heath by Regional Sequence Boundary

o Cameron Creek Red & Green Shales — Part of but not equivalent to Upper
Tyler
Age of Bear Gulch and Lower Tyler (Stonehouse Canyon)
o Many Strat Charts Show as Pennsylvanian (Morrowan) = INCORRECT
o Definitive Mississippian Fossils in Bear Gulch Limestone
o Miss-Penn Boundary is above Bear Gulch

Heath Internal Stratigraphy


Presenter
Presentation Notes
Summary of topics for this presentation.  A modern update of the definition of the top and bottom of the Heath Formation is needed.  Relatively new paleontological data on the age of the Bear Gulch and part of the Tyler needs to be incorporated into stratigraphic correlation charts we use.  New cores allow a more detailed understanding and subdivision of the internal Heath stratigraphy, where the Heath is better exposed than it is in outcrop.  


HEATH FORMATION — TYLER CREEK OUTCROP
Heath Originally Defined by Scott 1935

Type Area = “outcrops” at Beacon Hill, southwest
end of Alaska Bench, SW V4, Sec. 36, T13N, R19E

Example Heath Outcrop —
Tyler Creek
SE ¥, Sec. 26, T14N, R20E

Heath Defined in 1935 By Scott
as Upper Formation in Big
Snowy Group (group of strata
between Madison and Amsden)

 Heath contains Dark Gray to

Black Shale, Mudstone, &
Limestone

 Abundant Vegetation & Cover

1+ Landslides

e 1935 Heath included strata now
included in Tyler Formation by
most workers

« Heath-Otter Interval 366 feet =

74% Covered at Type Section
(based on Maughan & Roberts (1967))



Presenter
Presentation Notes
Poor outcrops led to poor definition and confusion about upper and lower contacts.  This roadcut along Tyler Creek is one of the better Heath outcrops and has about 50 feet of good exposure; the remainder of the Heath is mostly covered.  
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Presenter
Presentation Notes
Most geologists use some form of the stratigraphic correlation chart published by Maughan in his 1984 AAPG Bulletin paper or one modified from it by Stanton and Silverman in 1989 reflecting subsurface nomenclature.  In these charts (two on the right side of this slide), the Heath formation is restricted to the black shale dominated unit below a major unconformity, and the sandstone-bearing strata above the unconformity are included in the Tyler Formation.  At the time these were originally developed, there was little paleontologic data so the entire Tyler was considered Pennsylvanian.  On the left are two charts used by paleontologists working on fossils from outcrops of the Bear Gulch Limestone, which are now considered to be late Mississippian in age.  The unconformity between the Tyler and Heath is not recognized, so the term Tyler is not used and most of the Tyler is included in the Heath.  Both of these have aspects that are correct and my goal is to combine them into an updated chart.  

Horner 1979 Stratigraphic Study of Bear Gulch; concluded there was continuous sedimentation from Lower Heath through Bear Gulch; sandstones not laterally extensive so Tyler name should be dropped
Grogan & Lund 2002 After Williams (1983); Paleontological and Paleoecological Study of Bear Gulch, focused on fishes; concluded there was continuous sedimentation from Lower Heath through Bear Gulch; Bear Gulch paleontology concludes unequivocally that it is Mississippian age
Maughan 1984 & 1989 After Maughan and Roberts (1967); integration of surface and subsurface and mid-1960’s paleontology data; recognized entire Tyler as Pennsylvanian based on spores from upper part of Stonehouse Canyon.  Note part of Stonehouse Canyon (dk gray – black shales) overlying the Bear Gulch.  
Stanton & Silverman 1989 After Maughan (1984); predominant subsurface terminology followed today.  
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KEY PROBLEMS & ISSUES

e Base of Heath

o Original Definition in 1935 — Contact Between Green Shales (and soils)
Below and Dark Gray to Black Shales (and soils) Above

o Easton (1962) Recommended Moving Heath-Otter Contact Downsection to
Stratigraphically Lowest Occurrence of Productid Brachiopods — Open
Marine Deposition Belongs in the Heath Formation

o “First Green Shale” is NOT Consistent Nor is it Mappable
0 A Mappable Alternative is Recommended
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Presentation Notes
Start with a discussion on the base of the Heath – top of the Otter.  


= DEFINITION OF HEATH-OTTER CONTACT
MBMG Coreholes & Regional Correlations
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Presentation Notes
Location Map for line of section for following slide.  The section will tie 5 of the 7 MBMG 1980s coreholes to two modern cores to the east.  


= DEFINITION OF HEATH-OTTER CONTACT
MBMG Coreholes & Van Dusen Correlations
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Presenter
Presentation Notes
Datum is the base of the Cox Ranch shale interval, shaded brown, note the high gamma ray oil shale beds in it.  Total distance between coreholes is about 24 miles.  The green line is the Otter top as picked using the original definition of “first green shale” as picked from cores.  Note the good correlations of gamma ray markers in the interval below the datum (base of Cox Ranch).  The top of the first green shale is not laterally correlative and is not useful for detailed correlations or mapping work.  All of these wells (except the Holland 1-28 on the left) have cores.  
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Presentation Notes
Example of what a “green shale” looks like from the Rock Happy core.  Light greenish-gray shales are actually claystones with roots and plant material, and commonly underlie thin coals.  These claystones are interpreted as paleosols.  These two are from the interval immediately below the Van Dusen zone.  
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Presentation Notes
“Green Shale” from the Rock Happy core just below the Cox Ranch.  Paleosol developed below the Potter Creek Coal bed is a light greenish-gray claystone.  
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Presenter
Presentation Notes
To facilitate correlation and mapping, I recommend that the contact between the Otter and the Heath be defined as a laterally correlative oolitic limestone, noted at 4632 feet in the EOG Flatwillow #1-31 pilot hole.  This limestone is correlative from the Judith Basin east to Garfield County, more than 130 miles on this section, and is much more correlative and mappable than using the first green shale or the first Productid Brachiopod bed.  


= TOP OF HEATH

e Original Definition - 1935

Top of Dark Gray to Black Shale — Dominated Unit

Conformably Overlain by Red & Green Shales of Cameron Creek

Included Sandstone — Bearing Units Now Commonly Called Tyler

Poor QOutcrops — “Type Section” had > 50% Covered Interval (Otter-Heath)
Still Followed by Some Field Geologists

 Use of the Term “Tyler”

o Bear Gulch & Lower Tyler (Stonehouse Canyon) included in Heath or
Separated from Heath by Regional Sequence Boundary?

o Field Geologists in 1930s-1950s Argued That Tyler is not Mappable — See
Surface Mapping by Derkey et al (1985) and Porter and others (1990s)
 Age of Bear Gulch and Lower Tyler (Stonehouse Canyon)
o Many Strat Charts Show as Pennsylvanian (Morrowan) = INCORRECT

o Definitive Mississippian Fossils

©O O O O O

o Miss-Penn Boundary is above Bear Gulch
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Presentation Notes
Top of the Heath is still somewhat controversial.  Not all geologists recognize that there is a sequence boundary between the Heath and the Tyler.  Paleontological data shows a definitive Late Mississippian age for the Bear Gulch Limestone and therefore for any Tyler deposits underlying the Bear Gulch, so many published stratigraphic correlation charts need to be revised.  
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Presentation Notes
Line of Section in the next figure, generally north to south.  
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Presenter
Presentation Notes
Datum is the base of the Bear Gulch Limestone, at the base of a persistant hot gamma marker.  Where there is a chattery gamma-resistivity response below that, log markers can be correlated for long distances.  Core descriptions indicate that these are open marine limestones and both restricted and open marine dark gray to black mudstones.  These regional markers are locally interrupted where sandstones are present (see gray shading).  Intervals where sandstones are present (e.g. Snowmane, Alvin cores) are fluvial and estuarine depositional environments – not lateral facies changes of the open marine limestones.  Markers within the gray-shaded incised valley systems can be correlated for several miles along strike, but only short distances across the valleys.  
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Presenter
Presentation Notes
Erosional truncation of regionally correlative markers in the upper Heath, and lack of correlation of markers in the gray shaded interval with intervals away from the gray shaded interval, fits the definition of an incised valley.  These commonly form in areas of low gradient when a relative sea level drop occurs, resulting in a long distance migration of the shoreline, and fluvial valleys incise into older deposits upstream of the shoreline.  This would classify as a Type 1 sequence boundary.  This incised valley is a Lower Tyler, or pre-Bear Gulch Stonehouse Canyon Member, valley.  
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Presentation Notes
Lithology at the erosional contact in the incised valley from the Champlin Alvin core.  These are all pretty soft rocks so this contact would probably be difficult to find in outcrop.  
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Presenter
Presentation Notes
Example of lithologies in an “interfluve” or inter-valley area.  Two-foot thick Pebble conglomerate resting sharply on black open marine mudstones.  The stratigraphy in this well, with a Bear Gulch Limestone overlying a thin “Lower Tyler”, overlying an open marine upper Heath, is similar to sections in areas where the Bear Gulch Limestone outcrops on the northern end of the Big Snowy Mountains.  Strata deposited in lower parts of the incised valley are represented as a hiatus at this contact, so there is a time gap.  Without more detailed paleo, we do not know the magnitude of this time gap.  


TOP HEATH / BASE TYLER CONTACT

e Erosion Surface Is Present Across The Entire Area
o Multiple Incised Valleys

o Truncation of Otherwise Regionally Correlative Marker Beds in Marine Upper
Heath

0 Sandstones & Conglomerates Occur ABOVE the Sequence Boundary
o Evidence for Erosion Present in Inter-Valley Areas

 Tyler & Heath Separated by Major Sequence Boundary
0 Best to Map and Correlate as Distinct Formations
o Tyler is Mappable at the Surface & in the Subsurface


Presenter
Presentation Notes
Summary of observations on contact between Heath and Tyler.  Sequence Boundary is regional, is caused by incision and erosion of multiple incised valleys, and a hiatus is present even in interfluves.  
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Presenter
Presentation Notes
Internal stratigraphy of the Heath based on early 1980’s MBMG corehole data.  Ron Drake showed this stratigraphic section in an earlier presentation; we can now build on and improve upon this based on new core data.  Other than Knapp’s definition of the Van Dusen zone in 1956, little work was done on the Heath until the MBMG corehole study in the 1980s.  Many new cores cut in 2011-2014 allow more detailed calibration of well logs and enhance interpretation of the Heath depositional history.  
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Presentation Notes
Correlation from Van Dusen type log at Devil’s Basin to modern log & cores – Rock Happy.  
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Presentation Notes
Index map for Heath stratigraphic cross section in next slides.  
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Presentation Notes
Start with a focus on the lower parts of the Heath.  Datum is at the base of the Cox Ranch interval, which has high gamma readings and commonly has the highest TOC values.  Note regionally correlative markers in Cox Ranch, Van Dusen, and Lower Heath intervals.  Otter as defined in an earlier slide is shaded green.  The brown-shaded unit called here the Cox Ranch shale contains the oil shale beds.  
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Presenter
Presentation Notes
Focus on upper parts of the Heath, this is the same section as the last figure but has the datum changed to the top of the Cox Ranch shale unit.  There are major changes from north to south in the interval overlying the Cox Ranch, where limestones in the south are replaced by anhydrites and shales in the north.  There are two dolomites in this interval that are interpreted as upper subtidal, intertidal, and lower supratidal in origin.  Both of these have erosional bases and cut downsection to the north, and are interpreted as forced regressions.  The upper dolomite unit contains nodular anhydrites and indicates that the basin shrunk and dried out as a result of a relative sea level drop.  The gray-shaded intervals are dominated by fissile shales and local algal-laminated limestones and anhydrites, and represent filling of the lowstand basin.  These units need better names, Heath Limestone is not satisfactory because of the importance of dolomites and anhydrites in this unit, and the lowstand basin fill needs a name better than “capping shale”.  
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Presenter
Presentation Notes
Stratigraphic correlation chart summarizing observations and current understanding of the stratigraphy in the Late Mississippian and early Pennsylvanian in central Montana.  “Heath Limestone” is not a very satisfying term as it does not reflect the importance of dolomite and anyhdrite in this interval, so perhaps “Devils Basin Carbonate” is a better term for this unit, although there may be issues with that term.  The lowstand shale is best developed in the northern part of the Big Snowy Trough so I might propose calling it the “Winnett Shale”.  
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Presenter
Presentation Notes
Stratigraphic correlation chart for central Montana modified from that of Maughan’s 1984 AAPG Bulletin paper, accounting for new data and interpretations.  The most significant change is the move of the Mississippian-Pennsylvanian contact to strata above the Bear Gulch Limestone.  This is a work in progress, especially for the Heath internal nomenclature.  
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Presentation Notes
Thank you for your attention.  Special thanks to John and Jeannine and the staff at the USGS Core Research Center in Lakewood, Colorado, for taking care of valuable cores for us.  They have room for more cores, so if you have rocks to donate, now is a good time to contact them.  For additional discussion, please see me this afternoon in Justin Ahern’s poster session on the Heath or at the core poster sessions.  
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Late Mississippian Paleogeography
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Presenter
Presentation Notes
Oil was discovered in the Heath in 1919 before these strata were ever described in surface exposures.  
Freeman 1922 - First recognition of black shales between Alaska Bench & Otter; used “Tyler” for Sandstones in that interval.  
Scott 1935 Named Heath for black shale-bearing units between Otter & Alaska Bench LS; Argued that Otter-Heath-Amsden is a conformable sequence; concluded that the Tyler is not mappable.  
Mundt 1956 After Beekly (1955); Recognized unconformity between Heath and Tyler.  BGS 1955 Field Trip had Mundt, Gardner, & Norton in attendence – NO consensus. 
Gardner 1959 Followed arguments of Scott that Tyler is not mappable and there is NO unconformity within black shale sequence (Heath-Tyler interval).  
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Presentation Notes
Type log, Heath at top of Big Snowy Group in upper Chesterian / Latest Mississippian
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Presentation Notes
Close-up of interpreted pyritized roots in upper Heath dolomite immediately below a Tyler basal sandstone lag in the Champlin Alvin core.  
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Presentation Notes
Index map for the next figure, a cross section across the Sumatra complex.  
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Presentation Notes
Datum is top of the Tyler.  Compound incised valleys.  This section illustrates at least 4 nested incised valleys.  Valleys v4 and v3 are post-Bear Gulch but are still in the Stonehouse Canyon Member.  These valleys truncate the Bear Gulch, any pre-Bear Gulch Tyler deposits, and the upper beds in the Heath (especially the Upper Heath marine limestone markers, shaded dark gray on this section).  
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Presenter
Presentation Notes
Schematic chronostratigraphic correlation chart for the Carboniferous of central Montana.  Same chart as slide 26, using time as a vertical scale. Gaps in the stratigraphic record due to erosion or non-deposition are shown in gray striping.  Tyler incised valleys are simplified, as there are likely a dozen or more distinct valley systems within the Stonehouse Canyon Member of the Tyler.  
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Presenter
Presentation Notes
Core photo of unconformable contact between Cameron Creek member of Tyler (Upper Tyler) and Bear Gulch Limestone member of Tyler from Hit Parade #31-3H pilot hole, Musselshell County, Montana.  Note indications of karsting at top of Bear Gulch Limestone – silicification & brecciation.  Logs from well at left.  Note differences between gamma ray and spectral gamma ray with Uranium removed (separation shaded bright green) in track 1 – the Bear Gulch limestone has low clay content but high organic content resulting in a misleading total gamma reading.  
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