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* To characterize the Graneros Shale in Wattenberg Field of the
Denver-Julesburg Basin.

Significance:
 The Graneros is a key source rock of the DJ Basin.

* Elemental data provides insight on anoxia conditions, sediment
input, and more.

* Understand the source potential and if any areas of the
Graneros could be a target.
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Stratigraphic Setting MINES
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Stratigraphic unit
Sg: :ﬂ::" Storage Assessment Unit (SAU) notes
North and Western Denver Basin Eastern Denver Basin and adjacent areas
sy e e e e e
Denver Formation Dawson-Denver Formations
Arapahoe Formation Arapahoe Formation -
Laramie Formation Laramie Formation E;'.gsaf&"“m“ Sandstone Members SAU
Fox Hills Sandstone Fox Hills Sandstone Seal: Pierre Shale
“=__Richard Sandstone Member _ Reservoir: Sharon Springs Member and
23| S Ve Sanduons Member | g Hygiene “Shannon” and Terry “Sussex”
EE Terry Sandstone Member Sandstone Members
L ‘E Hygiene Sandstone Membar E
: Upper ' Niobrara Formation and Codell Sandstone SAU
retacecus e85 Smoky Hill Shale Member C50390||04
£s Seal: Pierre Shale
oE ’ Reservoir: Codell Sandstone Member of the
=& Pt Mui Carlile Shale, Fort Hays Limestone and Smoky
Codell Sandstone Member Hill Shale Members of the Niobrara Formation
Carlile Shale Carlile Shale Greenhorn Limestone SAU
Greenhorn Limestone C50390103
[ Graneros Shale Graneros Shale Seal: Carlile Shale
Reservoir: Greenhorn Limestone
Muwrv Shale
[SSAS - : A A A I A AT A A AT Muddy Sandstone SAU
. South NDI’th 50390102
& Upper Muddy () Seal: Mowry and Graneros Shales
L s % members, Sandstone Reservoir: Muddy ("J") Sandstone and
8 ower | 31 2| South Plane “D" sandstone
retaceous l:: g Formation Shll: ! P Mc g ' Shale
2|a Plainview and Lytle Formations SAU
8 I L e TS L5030
S ' ' i Seal: Skull Creek Shale
TN Reservoir: Lytle Formation, “Lakota” of drillers, 5

Drake et aI 2014; modified from ngley and Cox, 2007
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Cores

Coland State 5-16, SWNW sec 16-3N-66W, Weld Co., CO
Adler 16-33, SESE sec 33-3N-68W, Weld Co. CO

Howard 16-29, SESE sec 29-1N-67W, Weld Co., CO

Box Elder Farms 6-32 ; SWSE sec-3S-65W, Adams Co., CO
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Well Locations o NE e s
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Wattenberg Field

* Coland State 5-16

Y% Adler 1633
* Howard 16-29

* Box Elder Farms 6-32
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Well Locations

Wattenberg Field

* Coland State 5-16

* Adler 16-33
* Howard 16-29

* Box Elder Farms 6-32
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Fractures in the Core

Fracture surfaces were observed in the cores.

— Polished, slickenlines.

Two dominant groups: horizonal dip and 30-45 degrees dip.
55 surfaces recorded in the Coland State core.

— Vertical, calcite filled fracture.

4 surfaces recorded in the Adler core.
— One vertical, calcite filled fracture.

1 surface in the Howard core.
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Core Overview — Adler MiNES
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Core did not contain the X-bentonite.
Foraminifera sand at top of core.
Trace fossils:

— Inoceramid shells.
— Ammonites

Fish scales and bones.
10 ash layers in the core.

— Grey to green to brownish.

Pyrite nodules, disseminated.
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Adler — Detrital Indicators
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R SI/Zr Sl/Tl Sl/AI 5 K ol Zr ol Ti .. Al . Si RN Ca - B
gAPI 300 | 342386 2087.95 | 31.1731 577.39 | 1.98522 36.859 | 0.082649 % __ 2.20612 | 0.006853 % 006445 | 0.045295 % 044267 | 0.709538 % __ 107046 | 107358 __ % __ 283543 | 0.0608/ __ v 763 | 1:250
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Si/Zr

Adler — Detrital Indicators

Si/Ti

Si/Al
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Reference
(ft)

300 | 342386

2087.95

31.1731

57739

1.98522

36.859

0.082649

%

2.22612

0.006853

%

0.06445

0.045295

%

0.44267

0.709538

%

10.7046

10.7358

%

28.3543

0.06087

%

7.63 1:10

70U L

7603

7604

7605

LML B B
yivaar v i vl r s res v st aic o stivin sl e iisirin

16



Adler — Detrital Indicators M.O
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Si/zr Si/Ti Si/Al | K| zZe | T Al Si Ca fnerence

2087.95 | 31.1731 577.39 [ 1.98522 36.859 | 0.082649 % 2.22612 | 0.006853 % 0.06445 | 0.045295 % 0.44267 | 0.709538 % 10.7046 | 10.7358 % 28.3543 | 0.06087 % 7.63 1:40
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Adler — Detrital Indicators &S

$ Si/zr Sl/T' Sl/Al . K ol Zr ol T| ol AI ole Sl ol Ca . Ref((-:frte)nce
7.63 1:50

0 gAPI 300 | 342.386 2087.95 | 31.1731 577.39 | 1.98522 36.859 | 0.082649 % 2.22612 | 0.006853 % 0.06445 | 0.045295 % 0.44267 | 0.709538 % 10.7046 | 10.7358 % 28.3543 | 0.06087 %
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Adler — Redox Sensitive Trace Elements

ﬂ

O

gAPI

300 | 0
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V U Mo Reference
LECO_TOC . “ o o (ft)
wtpercent 0002013 %  0.020511 % 0.00513 % 0007268 | 1:240
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Adler — Organophillic Trace Elements

TOC O
Zn i Reference
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Adler — Euxinia Proxies

TOC O
GR . LECO_TOC Se . Fe / AI " S ole Mo . Ref?;te)nce
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Core Overview — Coland State MiNES
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Started measurements at the X-bentonite.
Foraminifera sand at the top.

Trace fossils:

— Inoceramid shells

— Ammonites

Fish scales and bones on bedding planes.
Pyrite throughout in the form of nodules and
disseminated pyrite.

Ash layers

— 7715.25’,7739.25’, 7783.5’

:: mwnluww\\\wuummmnnnm|Hullm'w|u|1|1||||\||m| Ii

The Thatcher Limestone is present. po ( o

— 7750’ .g ash

Inoceramld sheII
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Coland State — Detrital Indicators q

COLORADO SCHOOL OF

S
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0 gAPI 300 | 317.812 1982.74 | 40.0652 489.204 | 0.892748 10.5686 | 0 % 2.04038 | 0.002273 % 0.03506

o

- 7700 -

- 7710 -

- 7720 -

%ﬂ&w‘«ﬂﬂ”ﬂf&m[\uj

faan

Mﬁ

o

s
]

- 7730 -

- 7740 -

N
{m’n%

il

- 7750 -

!

Iy

- 7760 -

l&i{m

i

!

;{

i

- 7770 -

/
o' WP t[‘l‘o % v ‘wo NI T s S g P P

- 7780 -

L

i

24




Coland State — Detrital Indicators 0
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Coland State — Redox Sensitive Trace Elements O
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Coland State — Organophillic Trace Elements O
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Coland State — Euxinia Proxies
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Howard - Overview MiNES
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Starts at the X bentonite.
Mixed foraminifera sand at the top.

Fossils:
— Inoceramid shell
— Ammonites

Fish scales and bones on bedding
plane.
Pyrite nodules and disseminated v = |
pyrite th roughout. Pyrite replaced ammonite.
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Howard — Detrital Indicators 0
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Si/Zr Si/Ti Si/Al |, k. zZr . T, Al . Si .. Ca . |Refersnee
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Howard Redox Sensitive Trace Elements 0
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Howard — Organophil
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q TOC O
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Howard — Euxinia Proxies
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Conclusions MiNES
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 The Graneros Shale is
dominated by detrital sediment.

* Organophillic elements don’t
impact TOC that much.

 The Graneros was deposited in
a oxygen-depleted and a more
reduced environment.

Ammonites in the Coland State
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Future Work

Detailed core description.
Build mineral models for each core.
— Incorporate XRD.

Incorporate source rock analysis.
— Already have data.

lon milling.
FE-SEM imaging.
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