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Abstract

Paleozoic shales in Utah have tremendous untapped gas potential. These include the Mississippian/Pennsylvanian Manning Canyon Shale
and Pennsylvanian Paradox Formation of central and southeastern Utah, respectively. Shale beds within these formations are widespread,
thick, buried deep enough to generate dry gas, and sufficiently rich in organic material and fractures to hold significant recoverable gas
reserves.

The greatest Manning Canyon Shale potential is a 600-mi” area at the north end of the San Rafael Swell. The unit is 300-1500 ft thick; the
average depth to the top of the formation is 7470 ft. Four major lithotypes are: (1) carbonate, (2) fine-grained quartz sand and silt, (3) illite,
smectite, and chlorite clays, and (4) organic matter composed dominantly of degraded fragments of terrestrial plants. This organic matter has
good to excellent richness (TOC up to 15%), distributed throughout the shale, limestone, and even siltstone. Vitrinite reflectance indicates
that the kerogen is in the dry gas thermal maturity window. The Manning Canyon lacks the cyclicity and lateral continuity found in many
Carboniferous cyclothem units. It may have been deposited in a shallow restricted marine, brackish, and freshwater setting not unlike the
modern Everglades and Florida Bay.

The organic-rich “black shales” of the Paradox Formation cycles are well known as the source for hydrocarbons in stratigraphically proximal
carbonate reservoirs. Recent drilling has successfully produced gas emanating from the shales themselves. Individual shale units generally
range between 25 and 50 ft thick at depths of 5800-6500 ft. Cores reveal several important parameters: (1) most shales are organic
mudstones containing significant amounts of silt, pyrite, and fossil debris, (2) TOC values are modest (1-5%), (3) maturity values fall within
the oil (or oil-gas) window, and (4) porosity (2-3%) and permeability values are low. The bounding and interbedded carbonate units are silty
or muddy dolostones, in many cases possessing modest amounts of intercrystalline and microvuggy pore space. These dolostones, as well as
some shales, are also beset by numerous subvertical fractures. Therefore, the gas production very likely is derived not only from the shales,
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but also from the associated carbonates. Thus, this shale play is likely an intermixed series of reservoir types, all of which could produce
upon successful stimulation.
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“Paleozoic Shale-Gas Resources of

theiColorado Plateau and Eastern
Great Basin, Utahi Multiple Frontier
- 'Exploratien Opportunities”

Project'Goal
Provide basin specific analyses of shale-gas
reseryoir properties to develop the best-local
completion practices that can be appliedto the
emerging Manning Canyon and Paradox
frontier gas shales.
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Objectives

ldentify and map the major trends for frontler
gas shale

Identify areas with the greatest gas potential

Characterize the geologic, geochemical,
petrophysical, & geomechanlcal rock
properties

Reduce exploration costs & drilling risk
especially in environmentally sensitive-areas

Recammend the best practices to complete
& stimulate frontier gas shales to reduce
development costs & maximize gas recovery
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Mississippian/Pennsylvanian
Manning Canyon Shale Petrographic,
Geochemlcal ‘and. FaC|es Analy5|s

Organlc Rich Mannmg Canyon Shale Interbedded W|th Thln Bedded

Micritic Limestone, Western Provo Canyon, North-Central Utah
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Mississippian/Pennsylvanian

Manning Canyon Shale ;

« Mainly claystone with.interbeds of [imestone,
sandstone, siltstone, and'mudstone_

e Maximum thickness of 2000 ft

« TOC varies from'1% to"15%

 Type Ill (?) kerogen

 Ininorth-central Utah, the Manning Canyon
was-deeply buried by sediments in the
Pennsylvanian-Permian-aged Oquirrh-basin
and is very thermally mature

P FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF|




FFFFFFFFrFrFFFrFrFFFFFrFrFrFFFFFrFrFFFFFrFrFrFFFFFrFFFFFrFrrFrFrFrrrFrFrFrFrFrrFrrrrrr

Mississippian Stratigraphic Chart
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Manning Canyon Shale Well Penetrations,
(Sl ddddadaddddddAildddddad Fl"l"Fﬁafr!"!"r'gFFFFrFFFFFFFFFFFFI"FI"FFFI’

t ern ae Area

. % J 1

gl
USA Farnham Dome 1
'sh’:.;n p Farnham Dome 1-A

MlllerCreek B$1

""‘ash 1-AQ:
__.,Carbon Canal 5-1

Federal 1*-27?
ol ke

UsA @d 81”58 P
/Cedarw ountai




eported Well Thickness of

FFFFFFFFFFFFFFFF FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

an_nlnq Canyon _Shale

1, 1( ja,’zss $430 7
701,180

- 816
1,116, LSjO

)ad 878 7 i
“ southern limit of Mannmg’ Caﬁy ; '
’ penetrarions i




Doughnut Shale
isopach (feet)

P o-100

[ 101
[ 201
[ ]s01
[ Ja01
[ 501
[ 01
[ 701
[ Jeo1
[ 901

-200
- 300
- 400
- 500
- 600
- 700
- 800
- 900
- 1,000

3 =
P 4/-"\._.."“‘"’

s

$19000 29000 $I0000 R

E\ 5 25 0 5 Miles
I

FFFFFFFFFFFFFFFFFFFFFFEFFr

Doughnut
(Manning
Canyon) Shale
Isopach Map

Green Rive

vaiﬁiga\

42000
River
——— Highways

[ oil field outline FFFFFFFFFFFFFFFFFFFFFFFFFF)

o 1112  Drill Hole location with
shale thickness label (feet)



Ril
RIGW RIBWRI7W R16W RISWR14W R13W R12W RIIW RIOW ROW R8W RIWREW R5W R4W R3W R2WR1W R1E R2E R3E R4E RS5E RGERTE RSE

~ IS : |
| , \ FFFFFFFFFFFFFFFFFFFFFF

TIN

Ti2N |

THN

40 Miles

Manning Canyon
Cuttings and Core
at the
Utah Core

Research Center

DNR
A4

s s |
S| ommenteraos

i

GEOLOGICAL SURVEY

e

FFFFFFFFFFFFFFFFFEFRFFEFEF




FFFFFFFFFFFrFrFrFrFFFFrFrFrFrFrFFFrFrrFFFrFrFrFrFFFrFrFrFrFrFrFrFrFrFrrrFrrFrFrFrrrFrrrrrrrr

=

estone-Mudst:
fc’"i}i';;??% Uk

diddddiddddddididdiddidididididddididddidddididdddiddiddididdddddddddddddddi




FFFFFFFFFFFFrFrrFrFFrFrrrFrrFFrFrrrrFFrrrrrFrFrFrFrFrrFrFFrFrFrFrFrFrFrFrFrFrFrFrFrFrFrrerrr

e-Grained Sandstone:
Yk -

diddddiddddddididdiddidididididddididddidddididdddiddiddididdddddddddddddddi




FFFFFFFFFFFFrFrrFrFFrFrrrFrrFFrFrrrrFFrrrrrFrFrFrFrFrrFrFFrFrFrFrFrFrFrFrFrFrFrFrFrFrFrrerrr

& Laminar Siltstone -

ik,
- h M » ,
933%."
g -

il | — | ;_*

- e |

- d-.-' |
= 3 -

T r e

o s B
———— - e =4
= | e
e
e S
- — il — il

e | =
= =
= ___-""'___'_',;..-—-—-
S
1‘-— <7 e
-d'"

diddddiddddddididdiddidididididddididddidddididdddiddiddididdddddddddddddddi







2ft & |8978.1ft

Lo




I"l"l'l"Fl"l"!"l"l"FFI"FFFFFFFl"FFI"l'FFl"!"l"l'!"rrrrl"F!"FFFFFFFFFFFFFFFFFI"FFFFI’F

Coa

4

o 3

et

sl
AT

7 YR







Mannlng Canyon thhotypes

Carbonate
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Representative Stratigraphic Columns from Well Reports

FFFFFFFFrFrFFFrFrFFFFFrFrFrFFFFFrFrFFFFFrFrFrFFFFFrFFFFFrFrrFrFrFrrrFrFrFrFrFrrFrrrrrr

Mounds 1 Washboard Wash 1-A

Coal Lithology Color Carbon Calc Argill. Bioclasts Lithology Color Carbon

o

o

730
7400
750
760

5 £

~J
[+.2]
(=]
(=]

o]
h
[=]
o

I

Drilling logs indicate the variability of lithotypes within the Manning

Canyon Shale, both within a single well and between wells.
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Lithotypes

Ls, carb lamina
317

Ls, micritic
12.9

Siltstone
3.21

Sandstone

475
Black shale
8.83




Explanation
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Pseudo van Krevelen: Manning Canyon
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Thermal Maturity of Kerogen
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Samples represent a range of

present depths of burial. A Federal Mounds 1
ok Arcadia-Telonis 1
@ North Springs Fed 1
All vitrinite reflectance values © Miller Creek 1
X State 1-16

are well within the dry gas
thermal maturity window.
Peak maturity was reached
prior to uplift of the San Rafael
Swell in latest Cretaceous-
Paleocene time.

Depth in well, feet

Inertinite is the dominant
organic maceral type.

G. Waanders reports the Dry gas thermal maturity window
presence of only terrestrial

palynomorphs in these rocks. , 1.3 1.4 1.5 1.6 1.7 1.8
Vitrinite reflectance, Ro%
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Rock-Eval Geochemistry

FFFFFFFFrFrFFFrFrFFFFFrFrFrFFFFFrFrFFFFFrFrFrFFFFFrFFFFFrFrrFrFrFrrrFrFrFrFrFrrFrrrrrr

@ N Springs 1 core

(O N Springs 1 cuttings
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A Federal Mounds 1
1 Miller Creek 1

<> Paradox Shale
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Poor | Fair Good-Vgood, Excellent

40 60 . 1 10
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The low values.of hydrogen index andigenetic potential are
consistent with.the high thermal maturity of-the Kerogen and

large inertinite content.
diddddidddddddddddddddadddddidddddddddddddidddddddddddddddddddddddd




m.ml‘hmmmﬂmmllwnm v REW RN R REN RSN RN RIW & -
e N | FFFFFFFFFFFFFFFFFFF

il

m

G A 2 f:
_. ;__. — L0 -]JF’

b f‘. Burial History
| Plots for
Central, Utah

DUCHESNE {
-0

™e
e
-,
-
TS
e
d
i
-
ss
-
TiTe
o
i
s
%
s

igi

Location"s'of data points f;); burial and matz;'ation histories o; Manning ' FFFFFFFFFFrFFFFrFrrFrFrFrrE

Canyon and Delle Phosphatic shales.
Preliminary burial history completed.




Moroni- 1AX Sanpete Valley
Central Utah Thrust Belt Lo a0 0 g 0

Miss Penn Permian Triassic Jurassic Cretaceous Cenozoic

Post-Orogenic Strata

Paleozoic : Synorogenic
Source u, \ Marginal

oo ' Marine to Fluvial
Siliciclastics

Burlal Hlstory
Back-bulge Pl OtS fOI‘

Marine Strata Central Utah

=
0
0]
=
[0
S
T
-]
(7))
Qo
=)
N
=
Q
0]
(@)

Back-hulge Basin
Foreland Basin

Back-arc Basin
Marine to
Fluvial/Eolian Strata

PR S SN (NN T T W W N TN TN TN T N SN SN T TN N SO SO SO T NN MO S S

-~ Nevadan Orogeny
Sevier Orogeny

T T T ||||
350 300 200 100

Age (my)

FFFFFFFFFFFFFFFFEF




FFFFFFFFrFrFFFrFrFFFFFrFrFrFFFFFrFrFFFFFrFrFrFFFFFrFFFFFrFrrFrFrFrrrFrFrFrFrFrrFrrrrrr

Burial History Conclusions

Mississippian strata reached maximum burial depths of
18,000—40,000 feet.

Pennsylvanian-Permian ‘subsidence of the Oquwrh basin
dominated the burial histories in north-central Utah.

The Late Cretaceous/Sevier orogeny. further buried parts
of the Mississippian section beneath foreland basin
sediments and thrustisheets,-but other sections were
exhumed on the hanging walls ofireverse faults.
Maximum burial depths were reached during pronounced
Late Cretaceous and Early Cenozoic subsidence of the
Sevier.foreland basin. _
Locally.thick sediments and volcanics in Cenozoic,
extensional’basins contributed to additional burial’in both
the thrust/belt‘and the Basin and Range.
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Quaternary alluvium/colluvium
- Tertiary instrusives

[¥Pe] Pennsylvanian/Permian Oquirrh Group -"

- Mississippian/Pennsylvanian —

Manning Canyon Shale
Mississippian Great Blue Limestone

~_ Faut — Tertiary dike
I Measured section/gamma-ray profile
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Gamma Ray Scintillometer Curve
(GAPI)
150

Shaly to micritic
limestone, thin-
bedded abundant
brachipods and
some bryozoans.
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Depositional Envwonments

 Shalelclaystone
—lower coastal plain
— marsh to restricted bay
— open shelf
 Limestone |
— shallow, low- to moderate -energy subtidal
— salinity-restricted platform interior
— Moderate-energy, open- marine platform

~/quiet (below wave and storm base), deep, Iow—
oxygenated water

— high-energy, nearshore terrlgenous settlngs

Sandstone
— upper shoreface
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Depositional Setting: Modern Analog Model
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« Evidence points to a Shallow Marine-Nonmarine Embayment

......

restricted, shallow Water " PR
depositional setting that® s | f’
is dominantly nonmarlne : P g L
or brackish, with i S 20 R ¥
secondary NEE \ Wi o %
mfluence $ SR
« The orgamc matter |s
terrestrial. ! _ 5
. The marshes of the , < 2 N ocean
Everglades and shallow
brackishito marine '
carbonate’ tactory of the
Florida Bay might serve |
as a conceptq'glt__model.

i

diddddiddddddididdiddidididididddididddidddididdddiddiddididdddddddddddddddi




FFFFFFFFrFrFFFrFrFFFFFrFrFrFFFFFrFrFFFFFrFrFrFFFFFrFFFFFrFrrFrFrFrrrFrFrFrFrFrrFrrrrrr

Mississippian Manning Canyon
Shale: Conclusions

600 mi2potential area at north-end of San Rafael Swell
Manning Canyon is:300-1500 feet thick.

Organic matter of terrestrial origin and of good to
excellent richness is distributed throughout.the shale,
limestone and even siltstones that comprise the

unit. Vitrinite reflectance'measurements indicate that
the kerogen is in the dry gas thermal maturity
window.

Manning.Canyon may have been deposited in\a
shallow restricted carbonate- and organic-" =,

rich marine;brackish and fresh-water setting like the
modern Everglades and Florida Bay:.
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Pennsylvanian (Paradox Formation)
Hovenweep, Gothic, and Chimney: Rock,
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Gothic Shale along the Honaker Trail, San Juan River Canyon, SE Utah
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Pennsylvanian Paradox Formation

e Cyelic shale units (Hovenweep Gothic, and Chlmney
Rock) |

e Thinly interbedded, black, organlc -rich marine shale
 Dolomitic siltstone; delomite; and anhydrite.” '

« Thicknesses of individual shale units generally
range in thickness between 25 and 50 ft; the
cumulative shale thickness is typically 100 to 200 ft.

e TOC are modest — 1 to 5%
 Typellland mixed type ll-lll kerogen

« Naturallyfractured (usually on the crest of anticlinal
closures)yand;often overpressured:
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oisson’s Ratio for smay, Hovenweep,
L. Ismay, and Gothic
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Pseudo van Krevelen: Gothic Shale

+ Marie Ogden State 1
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A Utah 1-A
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Pennsylvanian Paradox Shales:
Conclusions

 The'three shale intervals-are gas productive in .
Hovenweep, Gothic, Chimney Roek mudstones.

* Most contain illitic clays, terrigenous silt, organic matter,
dolomite, pyrite, and.a.variety of reworked and/ar.fossil
fragments.

 Rock-eval pyrolysis cIearIy pomts to rocks in the oll
window; gas production is therefore anomalous in terms
of’'simple geochemical analysis—at least in Utah portlons
of the*Paradox. -

« Gas mightbe the product of solution gas drlve orof a
more complicated PVT relatlonshlp
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Pennsylvanian Paradox Shales:
Conclusions Continued

The'porosity and permeability of all mudstone reservoirs
are modest — porosity between 2:and 5%; permeablllty
approaches 200 nanodarcies.

Permeability appears directly related to intercrystalline
porosity from dolomite crystalaggregates.

The interbedded silty dolomites within and bounding the
mudstone sections may be the most permeable conduit
and most critical key for sustained hydrocarbon
praduction when successfully accessed by the stlmulatlon
protocol:

Natural fractures could assist in providing a respectable P
especially when hydraulic fracturing is-applied.
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