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The lacustrine Uteland Butte Member of the Green River Formation records the first major transgression of Eocene Lake Uinta after the deposition of the alluvial Colton Formation in the Uinta Basin. The main
horizontal drilling objective, as analyzed in several cores, is a 2- to 7-foot-thick interval of fractured dolomite, with porosities between 14 and 30%, interbedded with organic-rich limestone and shale. TOC values in Project website:
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Formation in the Uinta Basin and the Cane Creek Shale within the Paradox Formation in the Paradox Basin s s mieotae e sons o 10 ioingie s s ot iy s gy v e bl
The Cane Creek shale is a transgressive-regressive marine sequence in the lower portion of the Pennsylvanian Paradox Formation, Paradox Basin. The Cane Creek is tens of feet to nearly 200 feet thick, over- and

underlain by beds of salt, and divided into A, B, and C intervals (in descending order). The B interval is the primary hydrocarbon source rock and productive zone, consisting of black organic-rich shale, dolomite, dolo-
mitic siltstone, very fine sandstone, and some anhydrite. Significant porosity (up to 15%) 1s found in the dolomitic siltstone and sandstone, but permeability is generally low (roughly 0.1 mD); naturally occurring frac-
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. . tures are necessary for economic production. The A and C intervals, mostly dolomite and anhydrite, are the seals for the B interval, helping prevent fracture communication with the adjacent salt beds. N—TL
GEOLOGICAL SURVEY Mlc h a el D o Van d e n B e rg’ C r alg D ® MO rg an 9 an d T h O m as C o C hld S ey, Jr‘ Ut ah GeO l Og l Cal S ur Vey) S a l t L ake Cl Z:y ’ Ut ah A refined geological and reservoir characterization study of these two tight oil plays, using newly acquired core and geophysical logs, is currently underway to help delineate play boundaries, guide resource esti- —

mates, and inform recovery methods.
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The Uteland Butte consists of limestone, dolostone, calcareous mudstone and siltstone, and rare sand- Utah ! . 0 N L
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cods has been found near the top of the Uteland Butte in some core. The dolomite often has more than 20 per- calcite = /’ ()

cent porosity, but is so finely crystalline that the permeability is low (single millidarcy or less).

The Uteland Butte reservoir was deposited during a rapid and extensive lake-level rise. The Uteland
Butte is distinctive in the abundance of carbonate and the lack of sandstone, which could have been caused by : Rifle
one or both of the following situations: (1) the rapid lake-level rise caused siliciclastic sediments to be depos- '
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Analyzing Core from Two Emerging Tight Oil Plays in Utah: The Uteland Butte Member of the Green RIVeEr oo o e oot o s et o iy snstng s 05 Lapertirs and ik oo Sy

The lacustrine Uteland Butte Member of the Green River Formation records the first major transgression of Eocene Lake Uinta after the deposition of the alluvial Colton Formation in the Uinta Basin. The main
horizontal drilling objective, as analyzed in several cores, is a 2- to 7-foot-thick interval of fractured dolomite, with porosities between 14 and 30%, interbedded with organic-rich limestone and shale. TOC values in Project website:

® ® ® o o ® ® ® ®
F orm atl on in t h e l ‘ 1mn t Q B asIn an d th e ‘ ' ane ‘ ' ree I < S h al e Wlt h 1mn t h e P ara d 0X F orm atl on in t h e P ara d 0X B asIn the adjacent rocks range between 2 and 5%, while Ro values range between 0.7 and 1.1%, indicating the reservoir is most likely self-sourcing. http://geology.utah.gov/resources/energy/oil-gas/shale-oil
The Cane Creek shale is a transgressive-regressive marine sequence in the lower portion of the Pennsylvanian Paradox Formation, Paradox Basin. The Cane Creek is tens of feet to nearly 200 feet thick, over- and

underlain by beds of salt, and divided into A, B, and C intervals (in descending order). The B interval is the primary hydrocarbon source rock and productive zone, consisting of black organic-rich shale, dolomite, dolo-

mitic siltstone, very fine sandstone, and some anhydrite. Significant porosity (up to 15%) 1s found in the dolomitic siltstone and sandstone, but permeability is generally low (roughly 0.1 mD); naturally occurring frac- N—TL
G
]

[ ] ([ ] [ ] . . . . . . . . . . .
. . tures are necessary for economic production. The A and C intervals, mostly dolomite and anhydrite, are the seals for the B interval, helping prevent fracture communication with the adjacent salt beds.
GEOLOGICAL SURVEY Mlc h a el D ® Van d e n B e rg’ C r alg D ® MO rg an 9 an d T h O m as C o C hld S ey, Jr‘ Ut ah GeO l Og l Cal S ur Vey) S a l t L ake Cl Z:y ’ Ut ah A refined geological and reservoir characterization study of these two tight oil plays, using newly acquired core and geophysical logs, is currently underway to help delineate play boundaries, guide resource esti-

mates, and inform recovery methods.
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Well Status

B AC KGROUND Cane Creek Unit 26-3 (4301950019) S(I)):;.?lt(?; ?izdse;i,tﬁ]15;1133,1Osrgzi.02116%11?1?823333%);% 605039, UTM N 4273183 gﬁiﬁﬁ?ﬁfﬁ:Jiigé;fﬁeﬁtearch Center . _ PEE, IS TR C ANE CREEK PRODUC TION AND CH ARAC TERI Z ATION

£ ' 0 2 4 Surface location
. . £ Neutron Porosity (V/V) Porosity (%) ® Core log C Creek Unit — | Miles 0—2:4 Kilometers o  Location
.| s 03 01l 15 Core ‘ ‘ . . ane L ree nmi
Paradox Basin Geology and Paradox Formation 2| B | cemmaRar ) 1% ey ey | Tocene | phas S B ER Remarks Cane Creek Cumulative Production . Producing well
- 2 o 170| 1.9 3.1f0 25 Lo Ty r——— - e " T 24 S " Bottom hole location
. . . iy . . . . . anhydrite t i A Ve roe : : L7 . . -i
The Moab area is part of the Pennsylvanian-aged Paradox Basin. About 307 million years ago, the region was a highly restricted marine bay. Sea level rose and fell during ' Kane Springs 27-1 o Shutin
global greenhouse (interglacial) and icehouse (glacial) periods, respectively. Low sea level resulted in evaporation of sea water and extensive, thick deposits of halite as well as minor by ) o lg)r;:pi;gtr;‘zltzzcrll{l%lél % Temporarily abandoned
amounts of potassium and magnesium salts. High sea level resulted in deposition of carbonates and siltstones interbedded with thin, organic-rich shales (collectively referred to as S 7375 AR : _ it N Cumulative oil = 518,000 bbls < Plugged and abandoned
. . . . .. . . e 5 A gl g (9 €@ Cane Creek
shale) such as the Cane Creek shale. A shale and overlying thick salt bed is considered a depositional cycle. In the Moab area there are as many as 29 cycles in the Paradox Formation; < P ol 2 ( fuere 4 gunit
.. ) ) .. i . = b i\ A XS < ROARING - [ ' ;' . .
the Cane Creek shale is in cycle 21, with the cycles numbered from the top of the Paradox down. The thin, organic-rich shale beds in the Cane Creek are the source of the oil produced @ | 7380 S ___GREENRIVER (N, / \;_ii'i-*-- ; Cane Creek 26-3 Oil and Gas Units
) . ; *core depth (log-corrected depth) - core shifted up 4 ft to match logs* # AREA  FNGENGE © [ Ble s W e i Completed Oct 2012
from the unit’s adjacent fractured siltstones and carbonates. /\ /’ Thin section photos at right pth (log pth) fted up 4 ft g - oty VRS - | Production Curve kS 10-1 . CumIt’t e 05000 bbls | CANE CREEK UNIT
! e e P 388,010 7388.5 ft (7384.0-7384.5 f) - Shale to shaly limestone, black, wide salt filled fract b ller thin cl . R D U - & McRae 1 7 Husky 2 ’
.U1to . .0- . - ale 1o shaly limestone, black, wide sa eda Tracture, near base, smaller thin clay- ’ : " -019- -00- ~ _ )
e 7385 %( filled fractures that deform the bedding slightly upward. Strong petroliferous odor. géi%%%é%ﬁiﬁ?j s CUM OIL - 809733 @E_E% |:| CANYON LARGO (SUSPENDED) UNIT
%, \\\ 7388.5 to 7389.5 ft (7384.5-7385.5 ft) - Siltstone, dolomitic, light brown to tan, transitional contact with underlying anhydite "t XL e o : g BIG FLAT “eluens - e |:| TWO-FER UNIT
8 | 7392.2 fi unit, horizontal laminations throughout most of the unit, some distortions with vuggy porosity, most of the unit has pin-point s o J _ A ik . e an9 Creek % zz A T
o T 2 D Yy e (7388.3 fy | porosity. One salt filled fracture in upper 0.3 ft. Fracture has upward growth in width. R e ! 4 e ‘,-" Ay i \, ‘ ' b . Unit , g 10 - o KS16-1 25
E ¢ 59 8 fﬁ — 7390 L 7389.5 to 7392.6 ft (7385.5-7388.6 ft)- Dolomite mudstone with abundant anhydrite, some pin-point porosity within the . ' ' : : - - ' o‘;‘} Ll 0
Long Canyon 5 (S , S v FORMATIONS & W | LITHOLOGY (K ( dolomite. 7392.2 ft (7388.2 ft) - Anhydrite and dolomitic packstone 7401.4 ft (7397.4 f9) - Dolostone with anhydrite-filled fracture o FEDF;'DZ? $11 Bowknot 1 S R 20 E
Trail | T O 7392.6 to 7395.6 ft (7388.6-7391.6 ft) - Limestone, gray to dark gray, some interlaminated black shale and minor siltstone. 0.9% ity, 0.0009 md 3 1.2% porosity, 0.0011 md perm. = D 1- Bartlett Flat . . . .
Cagg’r?(:\/\llznds The Knoll /ra| g ,97 B 47/97,3, """""""""" IEILJ T NPHI — T — Upper contact gradational, base is sharp. Some distorted laminations possibly algal, some black organics and rare pryrite. porosity mapert 1 Green River © 13-22 o Well Name Abbrevations
y / QY(S 2% G'?@ = T < )) Some near-vertical closed fractures. E 10000 11\\. 10000 E 1-20 BF Big Flat
) . . _ . T AR 7395.6 to 7398.1 ft (7391.6-7394.1 ft)- Dolomite to limestone, abundant anhydrite. In the dolomite there are some thin g ,:\ 5 i
Bi g lat @ ~ QL ) 0,04 O Navajo Sandstone 165-180 / 'E 7395 _— vertical fractures and some wider fractures with porosity and crystal growth within the fracture. E f ; Bowknot 1 KS 28-1 El(E:D E:ggr;reek Unit
4 S Salt Wash K\O ...... Ry 7 Ao S C 401.4 7398.1 to 7401.2 ft (7394.1-7397.2 ft)- Limestone, gray to dark gray with some interlaminated black limy shale. Upper 0.6 ft = [V S Gold Bar 1 G.Old Bar 3 . .
$ 313 (O %) . o — S~ (7397419 | very finely laminated, most of unit massive and bioturbated, lower half of unit has numerous vertical to near-vertical fractures, z : g < old Bar 1< KS ~ Kane Springs Unit
7 . 7, < Kayenta Formation 220-340=—= \/\/ some with halite filling. @ } Bowknot 1 . : 36-1 LC  Long Canyon
: . . e ) ) L . . . \CC36-1 : c1 /1 o Gold Bar 4 MC Mineral C
/—7‘/ Dead Horse Point State Park Big‘ O/% ) 3 .' o 7400 //( e ;45);.?;;:;2?:&.5 ft (7397.2-7401.5 ft) - Mudstone, dolomitic, with abundant anhydrite. Upper portion nodular, lower portion B | B R 1 8 E FED 1-35 \ CcC 3% ; CC 28-2 .1 2cs6.31 C 32_/ Gol(i Bar 5 c Skl;]“erl;z oﬁnyon
Flat =% - (?/\ o MINS, % Wingate Sandstone 250-400(-. ... - - — = 710507 | 7405.5to 7405.9 ft (7401.5-7401.9 ft) - No core "preserved 1". R MO P R R G P R R < CC28-3
m m H — PARADOX - 62% '_-_.-.' L L < O 7405.9 to 7407.1 ft (7401.9-7403.1 ft) - Shale, dark gray to black, laminated, some possible algal in upper portion of unit, \Qﬁ36_2H - - .
i '~ — ~— ~ strong petroleum odor. i o ¥
z _ O _ 7405 = 7407.1 to 7407.7 ft (7403.1-7403.7 ft) - N " d2". BF7 g
& 3 SouthFine ) Chinle Formation 280-850E i s </ (/ 74077 0 7408.8 ft $7403.7—7404.8 f-& _ Mudstone, dolomitic, with abundant anhydrite. A cc 5‘.2<>S ! 19 Long Canyon 1 (vertical well)
BASIN isbon;. Bi 2 = ) ) RHOB Ep 7408.8 to 7410.4 ft (7404.8-7406.4 ft) - Dolomite dark gray becoming more limestone towards base, some pin-point porosity, s Cane Creek discovery well
Indiag o = #Wzt% vertical fracture with halite. CC7- S2 — .
""""""""""" ~ Moenkopi Formation 0-2,500| ~=- " | /\ K\ (405219 | - 10.4t07412.9 f (7406.4-7408.9 ft) - Limestone, shale, dark gray, some black shale. Cane Creek ISO ach for B Interval ©1-8LC — Drilled 1962
Dt 7410 T~ % 7412.9 to 7413.6 ft (7408.9-7409.6 ft) - Mudstone, limestone, and shale, somewhat oil saturated at 7412.5 to 7413.0 ft. Near Cummulative Oil (BBLS) p CC 8-1 1-10LC Cumulative oil = 1.125 million bbls
PR 4 vertical fracture from 7411.9 to 7412.5 ft (7407.9-7408.5 ft) with internal crystals. e 0-1000 N cC18-2 i &
N . > T 7413.6 to 7413.7 ft (7409.6-7409.7 ft)- Dolomite, brecciated with limestone clasts, slickensides on top of unit. ° S 8-4% LC%
o e MTNS. SE Lisb 25 e __— / 7413.7 to 7415.0 ft (7409.7-7411.0 ft) - Dolomite with abundant anhydrite, some thin vertical fractures in the dolomite. ; 1000-10,000 Thickness of the Cane Creek CcC A
o . Z e m— C ( 7415.0 to 7416.2 ft (7411.0-7412.2 ft) - Siltstone, dolomitic, large 45 degree halite-filled fracture vertical. bV B @ 10,000 - 50,000 B Interval (feet BF 2o 3 d ﬁhite Cloud 1
g <Z( S S—— 7415 — AN 7416.2 to 7419.9 ft (7412.2-7415.9 ft) - Shale to siltstone, dolomitic, some black possibly organic rich shale. Petrographic ( ) .\ C18-1 16-1
o § Cutler Formation 0-4,000 s ) / report by Core Lab reports some calcite filled fractures, slome anhydlrite filled fractures, and some dolomitic peloids. * Well used in cross section . 50,000 -100,000 N LE T C \ )
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. oil field u % [ \/ (/ 7419.9 to 7421.0 ft (7415.9-7417.0 ft) - Siltstone, dolomitic, light gray, bioturbated. Some pin-point porosity. Wide salt-filled KX Well with Cane Creek core . 100,000 - 500,000 - - 0-10 I:I 40-50 BBFF 4¢<} 9 ° CC17-1
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S 7446.3 to 7450.7 ft (7442.3-7446.7 ft) - Dolomite with abundant anhydrite. 52'1};"&) GR GR oR GR oR . oR oR S:Iatav(?t) . 1™ N
Over the past decade, the Moab area of the Paradox Basin has seen a large increase in drilling and subsequent o1l produc- Dass ) D PRI ——7; 0 b 17 SEE— T PE— 5 e I e P o anyorlands NP . 5 T
. o g . . iiq- . -50 S . = -50 : . 3 7450 N
tion. The first oil discovery in the area occurred in the 1920s from the 300-million-year-old (Pennsylvanian aged) Paradox L~ 74507 to 7451.4 ft (7446.7-7447.4 ) - Siltstone, dolomitic, light to dark gray, fine horizontal laminations. | & i § i : ] ! : 3 k 1 £ REA 4 - .
. 11 . 1 g . ) ] (/(/ 7451.4 to0 7451.6 ft (7447.4-7447 6 ft) - Siltstone with anhdrite nodules. 0 . ( 7 - 2 | { \ i g [~ % 2 ’ \/ Creek anticline, which is the result of more subdued salt movement. The movement of salt formed a broad,
Formation. Drilling equipment and building materials were loaded onto barges and floated down the Colorado River to where — N\ 74516 t0 7451.8 ft (7447.6-7047 8 ) - Shale, black. _ | . 30 oy i * J i 18 ® -0 " gentle anticline but did not penetrate the overlying formations. Additionally, smaller-scale deformation within
. . . L. . . . . ] ) 7451.8 to 7457.8 ft (7447.8-7453.8 ft)- Sandstone, very fine grained to siltstone, light to dark gray, very slightly calcareous in 20 . ( 5 — - — [ s | T 0 7550 the individual Paradox salt cvcles often resulted in foldine the Cane Creek shale into “wa folds.” These folds
the first discovery was drilled on the axis of the Cane Creek anticline near the current site of the Moab potash mine. While Gothic shale 7450 e upper half increasing in lower half, bioturbated, bottom 0.7 ft of unit finely laminated. 7454.7 to 7455.2 ft (7450.7-7451.2 ft - \ * - i - f 2 S i \\>[ . Sal ey & wavy 10%es.
cyq . . .. z _ thin vertical fracture terminates top and bottom within core. Core lab reported halite filled. i : -10 il { k . B © — | — 10 typically have an amplitude of several feet to tens of feet and are spaced hundreds of feet apart. This smaller-
drilling, the well first blew out at a depth of 2028 feet and the rig was destroyed by the resulting fire. Several additional wells = Chimney Rock shale < \ 7457.8 to0 7458.2 ft (7453.8-7454.2 ft) - Dolomite with abundant anhydrite, 8 o e L e el Y . = L il - m, Gane Greskl S - — S— 10 — o ) S scale folding can make it very difficult to keep the drill bit within the Cane Creek reservoir when drilling a hori-
were drilled on the anticline but only a minor amount of oil was produced. Later, the equipment was floated farther down the S 2455 ~ | 7458210 7ASBAT (7450274544 1) - Shale black. - . 7414.2 ft (7410.2 fi) - Dolomitic argillaceous siltstone w/ mottled anhydrite 10+ | = — s | — " —— |, Alnterval | T | | 1= g — 10 T lomelors W s o zontal lateral several thousand feet long. . . :
. o . > TN~ 7458.4 to 7459.6 ft (7454.4-7455.6 ft) - Shale, .black., laminated slightly c.alcareou.s, anhyd.rlte rip ups at base of unit. - 0 k A ] oI . . | - > S — S = S — el S T U T TS ATy X g o Naturally occurring open fractures in the Cane Creek shale are 1mportant permeablhty pathways fOI' 011
t Sh f d h d 11 lt d d h 1 ) Y N\ 7459.6 to 7464.3 ft (7455.6-7460.3 ft) - Dolomite with abundant anhydrite, massive grading to nodular near base of unit. 0.7% porosity 6.0% porosity, 0.004 md perm. - porosity is lost due to calcite and dolomitic 20 < - <] | sl ~ ] ] —_ | 0 grap < g difficulty gently f : . .
rver to sShaler aome, where driling resulted in a ary hole. z (& I\ ' cements, as well as quart; overgrowths 04 S 7 S P — = - = 2 — e e T 1 3 Cane Creek reservoir, Cane Creek 26-3. to move from the formation into the well bore. Core from the Cane Creek contains many types of fractures;
eqqe . . . . oy o . . Zz ? 4 - — _ | t o X i . . <. . . . .
In 1957, drilling at Big Flat, near present-day Dead Horse Point State Park, resulted in the discovery of oil in the Missis- m R = /// o = =_ 1 — DE “ Binterval | J N = 8 . 1 g SO_ftr}llehaflétthlgWIththilted lten%ﬂtl atf)ld are ﬁﬂftd Wllgl ?nhydrlt% C%élilt?, 3? C_iiayalagldttslome 'czlret wider ancllj ﬁlletd
. . . . . . . . . . . . . L = 2| 7460 Q 7464.3 to 7465.0 ft (7460.3-7461.0 ft) - Shale, black, finely laminated grading to very fine grained sandstone and siltstone near | — — L B _ % ! _ i 1 2 2 2 W1 alite. pen Iracturcs tend to 6¢ near vertical but are contined to mdiviaual orittie sandstone or carbonate
sippian Redwall Limestone. This was the first discovery of oil from Mississippian-aged rocks in Utah. Ultimately, three oil Salt 11813 \\\\ B &t (746174655 ) Anycirte, massive becoming laminated near bas % C> = = 7 s g = — m ”‘7 - S— = i :2 Cane Creek Shale Reservoir Characterization beds. An important part of predicting where oil-productive fractures might exist involves understanding when
. . . . . . —— . . -7463.5 ft) - ) . 60 — = i 2 e = o - : : : : . : . : .-
wells and four dry holes were drilled in the Big Flat field, which was abandoned in 1971 after producing more than 83,000 Salt 14817 PR 7467.5 to 7469.7 ft (7463.5-7465.7 1) - Sandstone, very fine grained to sitstone, light to dark gray, very slightly calcareous, <= - — [ — [ | — |3 = . — - T % & The Cane Creck shale is a difficult oil reservoir to develop. In the Big Flat arca, about 3500 fect of inter-  both the filled and open fractures formed, what forces caused the fracturing, and what fluid flow conditions
b 1 f 1 BO ﬁ 7465 _— ' sandstone generally massive some horizontal bleds that are possibly bioturbation. At 7467.5 to 7468.2 ft (7463.5-7464.2 ft) 70 i _| ‘i 7 <g> — ? '\7 C Interval g | i: | l oi 1 bedded sandstone, Shale) and limestone overlie the Paradox Formation. From the tOp of the Paradox to the resulted m mlneral'ﬁlled fractures versus open fractures. Another key exploratlon element 1S understandmg
arrels of oil (BO). P e , 504- | \\\\ ‘;"Z'lgg (21:0"’7)4(;’;T:ta;:jéﬁezﬁ;fgsﬂla%”;iﬁff':j;?}gf;if\:ﬁ ;far:t‘ﬂj’:zt:jtzg‘g:ﬂ”;f 'far’;;”g;i‘lfe”hyd”te‘ from 80 i ] = ~— | | — > ) —= |z =R 8 Cane Creek, there is about 3500 to 4000 feet of salt with thin, interbedded shale beds. Under the pressure and the timing of oil generation. Were the mineral filled-fractures sealed before or after oil was generated and were
In the eaﬂy 1960s, the Shafer Canyon, Bartlett Flat, and Long Canyon fields were discovered. The Shafer Canyon field aradox Formation 11,500 | salt 19 \ ~ 765.7 to 7470.0 ¢ (7465 7-7466.0 ) - Shale, black P ' 0 5] | 1Y - — S : {’ E, 1€ =9 temperature of deep burlaL salt will ofte;n flow, like squeezing a tubq of toothpaste. Salt flow can ruin a well the open fracture.s fomed beforg or during the time of peak oil generation? We are using organic-matter matu-
) ) ) ) / 7470.0 to 7470.9 ft (7466.0-7466.9 ft) - Dolomite to dolomitic siltstone. Vertical to near-vertical halite filled fracture upward 100 g i 5 s | 7 ~ . — 100 by collapsing the well casing and plugging well perforations and tubing. rity data and burial history studies to determine when, and at what temperature, oil was generated. Also, fluid
consisted of two wells, one on each side of Dead Horse Point State Park, which produced from the Cane Creek shale. The ( nation at i nates i : : - 2 - | o ceiemi ot : ) LT : . : e s
5 ) p . 7470 ;ir%n;atno;;z lr(;tzr?;i :é);n;i;% ?)nfcti)t_)zfe htjr_rtmnates into underlying anhydrite. 104 < : | | l N g § 7 -1 g — 110 Mapping seismic data can identify faults and structural highs at the Cane Creek shale horizon. These inclusions found in the fracture-fill minerals are being used to help determine at what temperature, and there-
wells were plugged and abandoned in 1969 after producing over 67,000 BO, mostly from one well. Bartlett Flat (Big Flat 5 Salt 20 /// \ = ro R =R Anertte, massive. 120 [ ] } > o g ( 7 % 7 R 120 deep sltructures are often the ﬂrilling C{arfgetsl, but idhentifying Wﬁlere good, reservoir—queﬂity, porous beds and fore what time during burial, minerals formed in the fractures. As minerals form within a fracture, microscopic
_____ _ 7 ] - 7 s _ fractures occur is much more difficult. On the surface the formations are generally flat-lying to gentl bubbles of liquid and gas can become trapped within the crystal structure. Heating and cooling of the bubbles
- l 130 | | ] 130 natura _ ; i generally flat-lying to gently q g pp ry - g g
Wel.l) and Long C;anyon (Long Canyon 1 well) fields (both one-well fields) alsq produced from the Cane Creek shale. The ae \ T bolomitic Sandstone 140 L s ~—_ | . { g _ 140 inclined, but the salt deposits of the Paradox Formation are often highly deformed. Movement of thousands of reveals the composition of the fluids, gases, and the temperature at which they formed. When in geologic
casing collapsed 1n the Blg Flat 5 well and the field was abandoned after produc1ng 39,000 BO. The Long Cany()n well was - 150 — {/ . feet of salt from one location to another formed large salt anticlines; when the salt pushed through or intruded history the fractures formed can be determined by comparing temperature data generated from a burial history
. . . . Silty Limestone S | : : : : iani - : : ‘i : : : : :
) ) o~ 3 into overlying formations it created salt diapirs. Moab-Spanish Valley, Castle Valley, and Salt Valley in Arches curve to the fluid inclusion temperatures. Burial history curves also help us determine when oil was generated
- Salt 21 — - . . .. ’ . > .
the plost sgccessful well in the grea drllleq during the 1960s. The well has pr.oduced more thgn 1 million BO and is still pro a N - - 160 ] National Park are all examples of large diapiric salt anticlines. The Big Flat area sits atop the Cane within the Cane Creck
ducing. Lion Mesa field was discovered in 1980, but has only produced a minor amount of oil from the Cane Creek shale. g | 7480
Exploration continued in the Moab area, but significant success did not occur until Columbia Gas Development Corpora- ot \ - polomite
. .. . . . . —=——— Cane Creek shal ©
tion formed the Cane Creek Federal unit in 1991 and drilled a horizontal well (1-27) in the Cane Creek shale in the abandoned ey ane eeesnae U = e
. . . . eqq- . . a R .
Bartlett Flat field. This was the first long-reach horizontal well drilled in Utah. Drilling horizontally in the Cane Creek shale Anhydrite
allows wells to penetrate 1000+ feet of reservoir rock, versus 10 to 30 feet in a vertical well, and greatly increases the prob- §  Mottled Anhydrite : 7437.1 1 (7433.1 19 - Argillaceous, very fine grained sandstone
oy P . . ’ . . . . > g Y P . 124% porosity, 0.1 md perm. 10.8% porosity, 0.03 md perm. *Analyses performed by Dr. Joe Moore, Energy & Geoscience Institute, University of Utah*
Salt 27 lyses perfi y ) gy ) ty of
ability of encountering natural fractures essential to economic production. Columbia drilled six horizontal wells that are still
1 1 1 1 1 1 1 1 - | Fidelity Cane Creek 26-3 - 7413.0 ft - Shal Fidelity Cane Creek 26-3 - 7464.3 ft - Shal -y . . .
producing and are now pperated by Fidelity Exploration & Production Company. The six wells drilled by Columbia have pro BT — — s o Shile — —— 6y basttoshale Fluid inclusion and petrographic studies were conducted on
duced more than 1.4 million BO. Pinkerton Trai Formation |40-70 \|_Salt 28° Livology  sample15) gy rientaton) B4 ST e L " compresiuesengih | Modales iy || titholowy amplei) "y oretatin B4 0T e " Comprestue stength | Moo |t | samples from three wells: Cane Creek 26-3, Cisco State 36-13, and
. . . . . - eiq- . olas Formation - ——— - 1 ‘ . . . . .
Fidelity Exploration & Production Company took ownership of the Cane Creek unit in 2007 and began drilling addi- z R L0 0) : o706 | 0% hole | Fovta " [746430 [Horontal |20 [ 4068 17790 14458 i | o Remington 21-1H. The primary objectives were to: 1) characterize the
. . . . . . . . . . . o T T T FDY3-2 | 7413.05 |Horizontal 2.009 4040 ’1 2 ) 1.128 0.25 404730 UGS, CC 26-3 ) o o, . 3 3 -_
tional wells. Fidelity has drilled 17 horizontal wells in the unit, many of which have horizontal legs exceeding 5000 feet in S | eadville Formation | 500+ |rlr] = TR TSSO Moot A eated temperatures and salinities of the fluids responsible for mineral deposi CC 26-3, 7420 fi. Secondary light-
len th Total I'OdU.CtiOn from the Cane Creek unit as Of Se tember 1 2014 exceeds 2 9 million BO With 91 836 BO roduced % GEOCHEMISTR‘? FDY3-1, 7413.00 ft, Vertical, As-Received FDY3-2, 7413.05 ft, Horizontal, As-Received 16000 4{ Effoctve Poak Comprosans Saongh & 12,900 pe I thn; and 2) detemllne the relathe tlmlng Of 011 mlgrathn Wlth rCSpeCt tO brown’ Oll.bea;qng inclusions in dolo-
g . P P . S ' 7, ’ ) P g . R | . e z :ZZ: A the deposition of the vein ﬁlling minerals. Both oil and aqueous inclu- mite. Left: Two-phase oil-inclusions
during the month of August 2014. Many of the wells have multiple horizontal laterals and some drill pads contain two wells, 0 : Cane Creek 26-3 - Burial History g Ay E—— g — o |t |\ . sions were observed in the samples containing oil and a gas bubble, plane
. . ciq- . . eiq- Average TOC Maximum TOC Average Tmax Immature Oil Window Q Dry Gas Window - W\\ —’% — | 7 i ( % s B | . polarized light. Right: ultraviolet light.
which reduces the surface footprint of development. Drilling and completion costs are typically $8 to $14 million per well 09 s —— .l / 2 N / el B ] Field of view is 0.3 mm.
. - = © CCU 26-3 350 300 250 200 150 100 50 0 S eo00 2 6000 s 6000 o e . .
and the best wells are expected to ultimately produce about 1.7 million BO. = %8 2 ® Remingion 2111 Pennsy ] al \[/ PN | % \\ \\ ; Preliminary conclusions:
< o7 -  Cisco State 36 sl g | 1. Fluid inclusions were trapped in fracture filling dolomite
3 - - - ol / LT [ O : . © trapped 1t ng »
z os o 8 LI == IR 1] ] o w anhydrite, and halite. Anhydrite and dolomite were
[= | 2% © vk 0 0 Radial) Strain (Axial R .
1000 - S o5 .. ::.Eclephun 006 00 002 0 ) 0'02. ?‘04 006 008 01 008 003 001 oot 003 005 007 009 Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 2.32 preCIPItated bCfOf@ hallte.
Q ° @ - anyen (Radial) Strain _ (Axial) (Radial) Strain _ (Axial) one 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.40 . . . . . . .
8 [5) : i Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 5.05 Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 8.98 éone 3303 Tatnlgg:‘ddKaiS/E\r |nde:< (;:ilal)fo-(w;; J/tol-rimed B i 2 . Oll mlgratlon OCCU.ITCd durlng and after vEin fOI'matIO]fl. Dlll'll'lg
I o 04 ] © z:Honake 1000 Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.994 Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 1 Zone 3b: Tang and Kaiser Index (Volumetric): 0.152 J/tonne : : 1 .
900 1 o L4 LTl | Zone 3a: Tang and Kaiser Index (Axial): 5.0.8 x10°® 7 Zone 3a: Tang and Kaiser Index (Axial): 0 . Zone 4: Peak to Residual Strength Ratio: 1.23 vein formathn, aque()us and 011 lnChlSlOnS WEre trapped
. .o o ;g:: z?;;:zgtsgi;gﬁ:]rsl?iizgfg:?;t:;g 1.88 x 10 ;g:: i?;e'zflzgtsanefi(ajS:Ir;?ii;g(;l::ﬁi:g?- 0.0077 'FDY1-2 - No additional shale material remains for a matching horizontal sample, from this backup shale depth interval. Contemporaneously in dolomite and halite ) Healed fractures
800 TYPEI 0.2 b oy '(Y) denotes axial yield < < Lt 1 b b < b
_ . ol in dolomite containing oil inclusions suggest oil migration
: > ] Fidelit 3- i R — . . .
arkerdSt y Cane Creek 26-3 - 7417.8 ft - Shale Fidelity Cane Creek 26-3 - 7464.5 ft - Dolomitic Sandstone continued after vein formation.
gb 70 0.0 s //\ . Criexé: :-2000 Depth As Receiv.ed Confinin Peak Effective Compressive Effective Residual Young’s boisson’s Depth As Received Confinin Peak Effective Compressive Effective Residual Young’s Poisson’ . . o . . .
T 400 425 450 475 5(')0 R 5 £ Lithology  [Sample ID| (f|:) Orientation| Bulk Der;sny Pressure (fsi) Stzen'g)th Compresziv?)Strength lzllo;:luh.:)s Ratio Lithology  [Sample ID (f':) Orientation| Bulk Den;ity Pressure (fsi) Stzen.g)th Compresziv?)Strength lznogult.l)s OI;Zi?o 5 3 . The presence Of aqueous lnCIHSIOHS Contalnlng Only llquld
o0 i k=N Jcm: psi psi 10° psi Jcm: psi psi 10° psi . o .
;” 600 MATURITY (based on Tmax, degrees celsius) ’ _‘Ei} <hale FDY2-1 | 7417.75 Ve.rtical (§.4o7) 3857 18,534 14,557 1.119 0.24 silty dolomite FDY11' [7464.50 Vertical (g;.617) 3882 36,702 16,682 3.276 0.23 suggests that mlneral depOSIthn and later fI'aCtU,I'lIlg OCCU.ITCd
5 w o FDY2-2 | 7417.85 | Horizontal 2.406 4043 20,699 15,143 2.074 0.30 FDY1-4 |7464.50| Vertical 2.611 3881 35,955 16,935 3.620 0.18 at temperatures Of <500C. The lnCIUSIOHS were Subsequenﬂy
a TYPE 11 i 404730 UGS, (.:C 26-3 . 404730 UGS: CC 26-3 . 404730 UGS, 'CC 26-3 . 404730 UGS, ?C 26-3 i °1° .
E 3000 FDY2-1, 7417.75 ft, Vertical, As-Received FDY2-2, 7417.85 ft, Horizontal, As-Received FDY1-1, 7464.5 ft, Vertical, As-Received FDY1-4, 7464.30 ft, Vertical, As-Received thermally re—eql,llllbrated a,S the rOCkS Were prO greSSIVely
B 400 e ] e s toe o os | 18000 [ g fon A b s o [ O I st | O e . buried and heated
o} 16000 Effective Peak Compressive Strength = 18,534 psi | % 35000 g < 35000 - .
= ~ . 16000 ra ~ - . . . . .
2 2 o NT TN IR \ £ o A A 2 o 4. Oil migration and vein formation must have occurred at 5
= 00 2 12000 o AR VAN [ AL/ / \ ] ; ~
v M[/ \\ // \W[ ol N7 17 \ \ relatively shallow depths. Low- to moderate-thermal :
” . oo fow 7 o fe] 1/ / AN \ \ gradients (<~25°C/km) would imply that mineral deposition CC 26.3, 7420 fi. Halite bearing
TYPE 11 Vitinite Ro (ARCO) ' * | \ / i ] ] * oo |11 [ - % oo |- | | occurred at depths of less than approximately 2 km. CC 26-3, 7439.3 ft. Two-phase fluid inclusion aqueous inclusions. Top left: large
08 LE 24 3.2 . i L \ / / R Ll / \ / 000 \J Y PR . . i : in halite. Field of view is 0.3 mm, plane polar- cubic halite crystal is visible near
100 y o | =y | = ] s 5. The majority of the aqueous inclusions contain liquid with a 7 harie. - mm, peane p rystas 13 Visio,
o . 0 — oL [ S— / 0 0 .. . 0 . ized light. the top of the central inclusion (red
il .4.1 . | . . . TYPE IV ‘ | -0.06 -0.04 -0.02 - St:rain (AXia”o.oz 0.04 0.06 005 004 -003 -0.02 (;:;)i;) Str:in (Axci)$1 002 003 004 -0.06 -0.04 0.02 (Rad(?al) S"aino.z):)dal) 0.04 0.06 0.08 -0.02 0.01 (:adia|) - (ifi;) 0.02 0. Salll’llty Of apprOXImately 30 Wt A) NaCl —|— CaCl2 equlvalent. Cll"l"OW). nght Inclusion after
|:| Cane Creek Fields ° 0 15 30 60 L ’ 00000 R0 el A €5 5000 Zone 1 Defor]matio; Index: Ratio ?f]Secant E at Peak tc()jE: 1.82 Zone 1 Deformation Index: Ratio of Secant E at Peak to E: 1.77 ionm Igefir]?atlio; Incj:x: Rattio fl;ISe?nt Esatt Eea: t?j E: j.ssst . éone1 %efiaTatlio; IndAex: Rattio ]?;[Seiént ES;:t F.’eaFl[( u; E:‘1'665t ‘ . These h]gh Salinities Suggest interactions W]th evaporites. hali?e dl:ssglolzl;ion at 132°C. Field
. m : Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: o. Zone 2 Ductility Index: Amount of Plastic or Strain Hardening Strain: 0.198 one 2 Ductility Index: Amount ot Plastic or Strain Hardening Strain: 0.133 one 2 Ductility Index: Amount ot Plastic or Strain Hardening Strain: 0.385 . . . . . | .
Cane Creek Kilometers OXYGENINDEX (O, mg CO,/g TOO) Zone 3a: Tangznd Kaiser Index (Axial): 0.427 J/tonne ¢ i Zone 3a: Tang an Kaiser Index (Axial): 0.518 ¢ K Zone 3a: Tang and Kai.ser Index (Axial): 8.4.9 JJtonne Zone 3a: Tang and Kai'ser Index (Axial): 1.798 6. Fluorescence COIOI‘S Of the 011 lncluslons 1ndlcate they have a ofwew s mm
° Data Points Zone 3b: Tang and Kaiser Index (Volumetric): 1.42 J/tonne Zone 3b: Tang and Kaiser Index (Volumetric): 0.812 Zone 3b: Tang and K.alser Index (Volun.netnc): 14.58 J/tonne Zone 3b: Tang and K?ISQI" Index (Volurr:etrlc): 66.1 . R )
Zone 4: Peak to Residual Strength Ratio: 1.34 Zone 4: Peak to Residual Strength Ratio:1.46 Zone 4: Peak to Residual Strength Ratio: 2.38 Zone 4: Peak to Residual Strength Ratio:2.46 mOderate API graVIty Of apprOXImately 3 5 .

' FDY1-1 - No additional silty dolomite material for a matching horizontal sample. Sample FDY1-4 tested as accident, originally marked with an incorrect depth.
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