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Abstract 

Horizontal development programs in the Uinta Basin of Utah have witnessed an increase in the number of laterals targeting the Castle Peak 
member (CP) of the Green River Formation. Recent CP laterals routinely produce more than 150 thousand barrels of oil in the first year of 
production, with some CP laterals yielding stronger production results than any other well in their drilling spacing unit. To date, over 80 
laterals have targeted the CP with over 30 being drilled in the last 3 years. Improved geologic interpretation, lateral targeting, and completion 
techniques have transformed the CP into one of the premier horizontal plays in the Uinta Basin. 

The Castle Peak member in stratigraphic order is comprised of four sub-members, including: 1) the Castle Peak limestone, a micritic limestone 
with occasional interbedded bivalve packstones; 2) the Castle Peak shale, a series of stacked sandy carbonates and silty shales that marks a 
regressive surface; 3)the Bar-F sandstone, a series of sand-dominated hyperpycnites that range from very-fine- to fine-grained sandstone 
interbedded with siltstones and shales; and 4) the Long Point bed, a dense fossiliferous carbonate that represents a basin-wide flooding event 
and regional chronostratigraphic surface. 

The most prolific Castle Peak horizontal producers target the Bar-F sandstone and are located within the Central Basin subregion of the Uinta 
Basin. More recently, the Long Point bed, a sandy to silty limestone has been recognized as another highly productive horizontal target. The 
Castle Peak shale and Castle Peak limestone have also recently garnered attention as horizontal drilling targets, however, limited well counts 
and insufficient production data exist to determine the true productivity of these intervals. 

Detailed study of the two most common CP drilling targets, the Long Point bed and the Bar-F sandstone, was undertaken to identify key 
performance indicators for CP laterals. The combination of geologic mapping, horizontal targeting analysis, mud-gas mass spectrometry, 

mailto:mjones@xclresources.com
mailto:rbrinkerhoff@wemenergy.com


cuttings X-Ray Fluorescence, whole oil geochemistry, and production results provide an unparalleled evaluation of the CP that includes the 
first rock chips from the ground to the last barrel in the tank. Results of this study suggest that the depositional environment of the Castle Peak 
sub-members are a first-order control on well productivity. 
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Horizontal development programs in the Uinta Basin of Utah have witnessed an increase in the number of laterals targeting the Castle
Peak member (CP) of the Green River Formation. Recent CP laterals routinely produce more than 150 thousand barrels of oil in the first
year of production, with some CP laterals yielding stronger production results than any other well in their drilling spacing unit.  To date,
over 80 laterals have targeted the CP with over 30 being drilled in the last 3 years. Improved geologic interpretation, lateral targeting, and
completion techniques have transformed the CP into one of the premier horizontal plays in the Uinta Basin.

The Castle Peak member in stratigraphic order is comprised of four sub-members, including :  1) the Castle Peak limestone, a micritic
limestone with occasional interbedded bivalve packstones; 2) the Castle Peak shale, a series of stacked sandy carbonates and silty shales
that marks a regressive surface; 3) the Bar-F sandstone,  a series of sand-dominated hyperpycnites that range from  very-fine- to fine-
grained sandstone interbedded with siltstones and shales; and 4) the Long Point bed, a dense fossiliferous carbonate that represents a
basin-wide flooding event and regional chronostratigraphic surface.

The most prolific Castle Peak horizontal producers target the Bar-F sandstone and are located within the Central Basin subregion of the
Uinta Basin. More recently, the Long Point bed, a sandy to silty limestone has been recognized as another highly productive horizontal
target. The Castle Peak shale and Castle Peak limestone have also recently garnered attention as horizontal drilling targets, however,
limited well counts and insufficient production data exist to determine the true productivity of these intervals.

Detailed study of the two most common CP drilling targets, the Long Point bed and the Bar-F sandstone, was undertaken to identify key
performance indicators for CP laterals. The combination of geologic mapping, horizontal targeting analysis, mud-gas mass spectrometry,
cuttings X-Ray Fluorescence, whole oil geochemistry, and production results provide an unparalleled evaluation of the CP that includes
the first rock chips from the ground to the last barrel in the tank. Results of this study suggest that the depositional environment of the
Castle Peak sub-members are a first-order control on well productivity.

Abstract
K e y w o r d s :  U i n t a  B a s i n ,  L a k e  U i n t a ,  G r e e n  R i v e r  F o r m a t i o n ,  C a s t l e  P e a k  M e m b e r ,  P r o d u c t i o n ,  U n c o n v e n t i o n a l s ,  H o r i z o n t a l
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• Uinta Basin oil production at Altamont/Bluebell since 1970’s and Monument Butte since

1980’s

• Vertical production from Eocene Green River/Colton (Wasatch)/Flagstaff formations

• Lacustrine Green River Formation deposited into Lake Uinta directly south of Uinta

Mountains

• Asymmetric basin configuration resulted in deepest lacustrine deposits stacking up in

North Central Uinta Basin

Uinta Basin Overview
G r e e n  R i v e r  F m  - W o r l d  C l a s s  S o u r c e  R o c k

A A’

Modified from Chidsey, 2010

A

A’

(UINTAH AND OURAY RESERVATION, BIA)
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• Stable Eocene lacustrine system results in multiple stacked horizontal development benches

• ~78 MMBO produced from horizontal wells from Green River petroleum system since 2012

• Horizontal development focused on the Uteland Butte with secondary Castle Peak and Wasatch production

• CP represents a 1/13th of ~4000’ Producing Uinta Basin Stratigraphy

• Castle Peak wells are shallower and generally provide lower operating costs better return on investment!

Uinta Production
W o r l d - C l a s s  S t a c k e d  P a y

Castle Peak Uteland Butte Wasatch
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*horizontal data only (XCL+ UDOGM) *horizontal data only (XCL+ UDOGM)
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Castle Peak Targeting Overview
W h o  i s  K i n g  o f  t h e  C a s t l e ?
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 Since 2018 the CP has accounted for only 16%
of the Hrz targets

― ~71 Total defined Castle Peak Horizontals in the
ground across 4 intervals (PROD/DUCs)

― All basin operators are experimenting with Castle
Peak LZ’s

 Quality well results can be found throughout the
over pressured central basin

 Don’t sleep on the Castle Peak!
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• 3 years of delineation and development drilling

gives XCL Resources an unparalleled look at

Upper and Lower Castle Peak deposition

• 2020, 2022, and 2023 Pilot Hole with Core

combined with multiple cube development runs

provides resolution at multiple scales

• Stratigraphic detail presented from bed scale to 2-

mile x 4-mile detailed correlations to regional

depositional patterns

• Crucial for staying in Zone!

Data Density Drives Discovery
M o r e  w e l l s  m a k e s  b e t t e r  m a p s

Bar-F Isopach (10’ CI)

Thick Thin
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Castle Peak Geology
N o t  j u s t  a  c a s t l e  o f  m a d e  o f  s a n d  !
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 Deep basinal expression of Upper Castle Peak unit as described by Brinkerhoff and Woolf (2018):
― Dense fossiliferous limestone – Long Point member

― Series of fine-grained sandstones interbedded with silt and mud  – Bar-F member

― Bar-F underlain by calcareous mudstones and limestones of the Castle Peak shale and

― Castle Peak Lime (Lower Castle Peak unit)

 Brinkerhoff and Woolf (2018) proposed linked clastic depositional systems for the Upper Castle Peak
unit:

― Fluvial-deltaic deposition near the lake margin (Monument Butte)

― Distributary hyperpycnal flows across the deep lake basin (Central Basin)

Brinkerhoff and Woolf, 2018

SR

Castle Peak Isopach
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• Long Point (LP): Ostracod lime mudstone to wackestone,
medium gray, fossiliferous, argillaceous limestone, and
minor dark gray, highly calcareous, silty shale

• Vertical and horizontal microstylolites are also observed.
Calcite-cemented, ‘beef’ fractures are present in the
shale

• Not as much of a carbonate as we think, pervasive
throughout basin, overall thinner where bar_F is thicker

• LNG PT TGTs exhibit higher ROP, DFS is ~1.5 days quicker,
and TGT is close to Black Shale Source Rock

Long Point Overview
A  b a s i n  w i d e  f l o o d i n g  e v e n t

If you find these in outcrop
you know where you are!
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• Bar-F: Greenish gray, laminated to bioturbated, non-
calcareous to slightly calcareous, organic-lean, silty shale and
light gray.

• Burrows are sparse to locally common in the organic-lean
shales, with relatively common silt and sand laminae,
indicating a possible pro-delta depositional environment.

• 2-3 distinct delta lobes dropping sand into basin center

Bar_F Overview
H y p e r p y c n a l  F l o w s

N

S

Even when the
isopach says
the sand is thin
the sand is
there!

Bar-F
Isopach

(Zavala et al, 2011)

Image Enhanced
(+20% Brightness
+ 20% Contrast)

*Data from GRI measurement
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• Castle Peak Shale (CPS): Dark gray, calcareous, silty shale;
minor greenish gray to variegated, organic-lean, silty
shale; minor medium gray, fossiliferous limestone (lime
mudstone, wackestone, and packstone)

• Calcareous skeletal fragments, pyrite nodules, and
burrows are sparse in the shales, and TOC generally is
between 1 to 3 wt.%.

• Undifferentiated carbonate grains and skeletal fragments
(e.g. ostracods) are common in the limestones.

Castle Peak Shale Overview
T h e  b a s e m e n t  o f  t h e  U p p e r  C a s t l e  P e a k

CPS
Isopach

CPS Net
GR

20-80
Thickness

*Data from GRI measurement

Image Enhanced (+20% Brightness + 20% Contrast)
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Limited long-term XCL data, data from all Castle Peak
wells shows a good tie with 6m to two-year production.

We can learn something from 6month production!

• Define the geologic depositional systems

• Build a production model

• Establish trends or lack of trends based on  various
geologic attributes to production

• Re-evaluate as more data is collected

• What do the KPI’s look like?
• Thickness, Porosity, Organic richness

How do we define the KPI’s
I n t e g r a t i n g  M a p s ,  L o g s ,  a n d  R o c k  D a t a
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Castle Peak Oil Per Foot by Operator
30

25

20

0

30

10

15

5

21

13
10

7

4

21

15

11

28

18

10

2y P|F1y P|F6m P|F2y P|F1y P|F6m P|F 2y P|F1y P|F6m P|F 2y P|F1y P|F6m P|F

2y
r C

um
 O

il

6m Cum Oil



P A G E  1 4

• 2 Primary delta fans encroaching upon Lake Unita

• Early time OVV/ Uwax results validate net thicker

sands are good for production.

• XRF data shows higher silica content correlates to

better production

• Sand does not tell the whole story!

Net Bar-F Sand
M o r e  s p i c e  i s  n i c e ! Net

Sand
Map
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• Net sand plus higher porosity trends to better early
time production

• XCL wells start at a lower 6m O|F due to reservoir
drawdown strategy but catch up by 1 year

• Product of net sand and porosity?

• Porosity isn’t the only answer…

• RHOB data indicates UPR CP Play is similar across the
Central Uinta Basin

• Why do we see varying results?

Upper Castle Peak
D o e s  P o r o s i t y  D r i v e  E a r l y  T i m e  P r o d u c t i o n ?
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• Upper Castle Peak DT>90 shows organic richness throughout central
basin

• Black Shale DT>90 indicates quality source rock and porosity
• Core data shows TOC values >5% across this zone

• Pilot Hole cuttings data indicate high TOC In the Carb Marker and
Black Shale

• XRF redox proprieties linked to increased TOC which matches core data

• RevoChem data indicates drainage from targeted and bounding zones

Where is that juice coming from?
T h e  B l a c k  S h a l e  a k a  ‘ T h e  M a k e r ’

VanadiumMolybdenum
R2=0.5

LWR Doug Creek, Carb Marker, Black Shale
*Data from all XCL pilot holes

TOCTOC

R2=0.5
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• Using our tools (XRF and Mass Spec) to achieve better production
• Total gas doesn’t fully show the full story

• Heavies and Toluene show positive correlations to 3months and longer production data

• Revo Chem data indicates all targets draw from the Black Shale Source
Rock

Castle Peak Targeting
U s e  t h o s e  f i e l d  g e o l o g i s t s !
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Ductile Zone

• Drilling in the right zone to generate an

effective fracture program as well as frac size
• Evidence of getting out of zone in Long Point and

Bar-F has caused difficulties in treating stages
(XCL)

• Some thoughts choke management
• Log data shows the Black Shale is fairly ductile

which could result in pressure depletion too soon
restricting fluid ability to move towards the
wellbore

• Vertical depletion
• Some well results point to poor performance due

to nearby vertical wells

• Well Spacing
• Dealing with a more conventional target where to

many wells create overlap in drainage radii

What is with the Varying Well Results?
N o t  A l l  C a s t l e  P e a k  T a r g e t s  a r e  E q u a l

Total Produced Fluid Vs Total Prop

To
ta

l P
RO

D 
Fl

ui
d 

(3
m

)

Total Prop Reported (LBS/Ft.)

GR RES_Deep NPHI UCSPE

DPHI DTC0 200 0.02 2000 0.3

0.3 -0.10

-0.10 0 20
0 5000

Lateral Stages with Breakdown PSI

Randlett Field (SW XCL AOI)

Potential Castle Gun Barrel

Si
Ca
Mg

Al
BVO
BVW

BD PSI



P A G E  2 0

• All 3 Upper Castle Peaks are viable targets where the Bar-F remains supreme followed by the Long

Point and Castle Peak Shale.
• Limited lateral data and mixed results prove more work is needed to finish delineating the CPS and CPL
• If you can find a good drilling zone below the Black Shale, you will likely drill a decent well

• Net sand and porosity help drive better wells.
• Despite limited net-sand thickness on XCL acreage well results are comparable and, in some cases, better than CP TGTs to

the south.

• ***Quality source rock chalk full of oil overlying brittle carbonates and sands is the KING of the

Castle***

• Operator  operations understanding as well as avoidance of vertical depletion is critical.

• XRF and Mass-Spec data can help drive better well results.

• XCL is about to bring on some very good CP wells
• Newest laterals have hit 125,000+ bbls of oil in 6months!

Conclusions
B l e s s  t h e  M a k e r  a n d  H i s  W a t e r

130,103
130,103

141,284
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