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Outcrop Analog for Lower Paleozoic Hydrothermal Dolomite Reservoirs
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Prior to excavation, the Excavation began with Once the structure had  An a.lr compres’sor R AT SR i A e e I T el e P T o seen s T e TS S TR oM U . \E | | BT et e R e % B v e LEE RN T AR TR R g S A) Trenton time - Fluids trapped  B) Trenton time - Onset of
quarry floor consisted of  pick-axes and shovels, been uncovered, high equipped with h|9.h 0 ) ) ) ) ) ] ) ] ] atdepth expjrience high faultingdalllows flfuidls toltravel C) Utica time - faulting continues, D) Utica time or later - faulted
loose dolomite rubble and but the majority of the pressure waterwas pressure hoses is | | . | | - | - | | '20. | | - — | - i | 35.| | | - | - | | - | | temperatures and pressures. l(J:pwla.r afolng.](]I alf t phanis. hottgrflmds dolomitize leached ;natrlx,vufgs, breFC|as,and
roughly two feet of overburden was removed used to wash away the used to blow away Sucirc())u|nr;?n Iilrjﬂlestsoneeac the matrix. dra:ctgtres dllled w;tg ssf\ddlle
. : - - : mite an | miner
limestone talus. Onlyafew using a skid-steer bucket remaining dirt and thedirtand mud that \ — s e g olomite and assoclate erals
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pieces of in-situ dolomite oader. over time —— - Zan = = \\\—\ — | o ’ e — - Limestone Dolomite Sandstone \ Hot Fluids /‘ Cooling Fluids
were exposed. p—— — u . + - s (From Smith, 2006)
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Oblique srike-slip faulting, as shown in the strain 4 ContacionalVector T Conmaatonalvecc
ellipses to the right, may lead to the production
of left stepping en-echelon reidel shears.
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R As the principle stress (J,) is rotated counter ¥ rotation \G\
. =% clockwise (more oblique) these reidels also rotate
, = e to an orientation that resembles the quarry < ) - ?
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In the summer of 2004, before excavation was Each of the four bOdY tips jcermlnate 0t b o o y’d e g (sy ) Faults Surr(.)undlng Fault breccias are commonly located Vugs lined with calcite, Six trenches 3' x 19' x 18" were cut across the outcrop Movement along the Mlnerallzatlon mainly occurs | | |
, in a long narrow calcite vein. anked by anticlines on either side. This isa common the dolomite near, but not limited to, the tips of bitumen, and saddle dolomite t0 subblv 3 cross section view of the dolomite bodies faults that surround in parts of the fractures that The forced folds, illustrated in blue, also align
complete, a 3-D GPR survey was conducted in the feature in many hydrothermal dolomite structures bodies i : . PPl ' . . dip away from the body but : o : . £Q
" A 9D <lice f ] | odies Interact each body. are common in various parts These trenches reveal several aspects of the body geometry the bodies are visible = B [ eears on with the anticlines which flank the bodies along - Quarry
area shown above. -D slice from this surve i . o . . : : rientation
e Y forming a relay of the outcrop. and fracture mineralization that would otherwise have as offsetin the shaley oyments that dip towards their entire length
(below) reveals that the anticline flanked sag is ramp structure beds of unaltered the body
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not just a surface expression, but id evident at
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(e 0 e S b - i gty T g o o - ac One feature exposed by the trench walls is a cross-body scissor
U i .0 HOLE 5 HOLE 1 HOLE3 HOLEA4 HOLE 6 HOLE 2 HOLE 1 fault. A scissor faultis a fault that changes its dip direction as it Basement
Ling Number: 0218 =~ This cross section (right) crosses what is called the scissor point (see Naylor image to right).
=2R20ng: 0. 19 M) {v=10. 051 T, 1s) | 5 .2 connecting Holes 1, 3, 4, and 5 5 5 In the quarry (above) we see a fault ,highlighted in red, which dips
3\.4\ shows that inside the body . . to the sou.th as it runs alpng the north side ofth.e body, thep I
dolomitization is consistent - N - changes dip direction as it crosses the body and dips north as it
, , > 15 R 715 runs along the south side.
throughout the entire Tribes 8 A S
UPPER QUARRY Hill formation. Hole 4, drilled B Caa 20
PSRl w7 L i In January of 2005 the Department of into  the limestone gap o 25 Several features of the resemble the work done by Dooley and Cross-Basin Fault Zone <
Transportation was contracted to drill between the two bodies, is also % 2 Eﬁ% McClay in their sandbox modeling of strike-slip pull-apart
a series of six 2" cores in and around dolomitized after crossing a E y % basins (right). Notice the anticlines that flank the basin and the N/
o the dolomite bodies. A map of the fault at 3 ft. This indicates that 3 scissor faults that change dip as they cross the basin. Obliqye Reverse 1\ [/ Stcture
core locations is provided above. The bodies one and two are * “ | L
cross sections produced by from these actually connected at depth. 4 B > (From Dooley and McClay 1997)
cores helped make key observations 50 - o
that would otherwise have gone 5 t e~ ——————
unnoticed. One piece of core from - Legend —= — — I
Hole 2 @ 16 ft. (right) Is filled with vug . - - E e '(Ij'hils Cross s:ecti.onh.(allflovle) clc.)nr;ectirlilg IHc>6le|s 1, Z,d a.nd 6155?ows thcelat v_

. . : . - : - olomitization is hi ocalized as Hole 6, located just t. outside indi - - ~15°) ctrike-sli
There is another exposure of dolomite in a separate section of the quarry. The features of this outcrop are lined by saddle dolomite crystals. ) - it/ Sand e the body, is compogedyof unaltered limestone throdghout the entire (r:\%rvlreer;eear:?l]elg?;C:\:meesofz\iItg:rsmgr?:i)r;)ISeﬁ%rerTigeV;?seglggl_cquvl\jﬁi(ch1jo)l Ztr:: :(telzfllnlg
similar to the main study site, however, there are patches of limestone within the dolomite body, and a large 52%] Fault extent of the Tribes Hill, with the exception of one small band of hydrothermal fluids traveled from greater depths. This is an incipient strike slip
fracture with an opening greater than an inch. It is possible that open fractures surrounding a body may - Limestone 2221 Breccia dolomite at 20 t. foature with what we believe is less than a foot of mc;vement Jlong the master fault
make better well targets than the dolomite bodies themselves. ’ J '




