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A Mineralized Breccia Pipe in Mohawk Canyon, Arizona—
Lithologic and Geophysical Logs

By Karen J. Wenrich, Bradley S. Van Gosen, Richard A. Balcer, James H. Scott,
Joseph F. Mascarenas, George M. Bedinger, and Betsi Burmaster

Abstract

Hundreds of solution-collapse breccia pipes crop out in
the canyons and on the plateaus of northern Arizona. The pipes
originated in the Mississippian Redwall Limestone and stoped
their way upward through the upper Paleozoic strata, locally
extending into the Triassic Moenkopi and Chinle Formations.
High-grade U ore, associated with potentially economic con-
centrations of Ag, Pb, Zn, Cu, Co, and Ni in some of these pipes,
has stimulated mining activity in northern Arizona despite the
depressed market for most of these elements.

More than 900 confirmed and suspected breccia pipes
have been mapped during the past 6 years as a part of this
study. Many exploration criteria for detecting mineralized brec-
cia pipes were developed during the mapping. One pipe
discovered on the west side of Mohawk Canyon in 1983 was
selected for exploratory drilling in 1984 because it exhibited
the following exploration criteria:

Concentrically inward-dipping strata

Erosion along an encircling ring

Anomalous radioactivity

Goethite pseudomorphs and molds of pyrite
Colloform celadonite-stained chalcedony
Supergene Cu mineralization

Breccia

Anomalous concentrations in surface exposure of
such trace elements as Ag, As, Cd, Co, Cr, Cu, Mo,
Ni, Pb, Se, U, V, and Zn

Five rotary and core holes were drilled into this pipe. Drill-
ing problems such as lost circulation, lost casing into 30-ft-high
caverns within the breccia, and great water consumption
limited the drilling results. Core recovered from holes in the
center of the pipe shows breccia to the total depth of 1,010 ft,
abundant pyrite, and minor galena, sphalerite, arsenopyrite,
and brovoite. Gamma logs of a rotary hole penetrating to
1,335 ft (no cuttings were obtained below 1,000 ft) show a 1-ft
interval of 0.52 percent eU,0, at a depth of 1,191 ft, and a
20-ft zone averaging 0.04 percent eU,O,; this is at the same
stratigraphic level as the tops of orebodies in mines located
on similar plateaus capped with the Permian Harrisburg Gyp-
siferous Member of the Kaibab Limestone. Sufficient mineraliza-
tion, specifically the presence of Pb, Zn, and Ni minerals
common to breccia pipes hosting economic mineralization, was
verified in the Mohawk Canyon pipe that further drilling is war-
ranted to assess its economic potential.

PN WN=

INTRODUCTION

The Colorado Plateau of northern Arizona is host
to hundreds of breccia pipes. Despite the depressed
uranium market, exploration activity for mineralized
breccia pipes in north-central and northwestern Arizona
has remained high.

These are not classic breccia pipes in that there are
no volcanic rock associations in time or space; instead,
they are a result of solution collapse within the Redwall
Limestone and stoping of the overlying strata. The pipes
and associated mineralization transgress formation
boundaries from the Mississippian Redwall Limestone to
the Triassic Chinle Formation (fig. 1). No pipes have been
observed during this study (nor during studies by Hun-
toon, Billingsley, and Clark (1981, 1982) and Billingsley
and Huntoon (1983)) to occur in rock below the base of
the Thunder Springs Member of the Redwall Limestone.
The solution collapse produced extensive brecciation of
the rock within the steep walls of the pipe. No rocks from
underlying formations have been observed in any pipe;
all material has been dropped downward into the pipe.
As a result of the collapse, brecciated rock is surrounded
by a steeply dipping (commonly near vertical) ring frac-
ture that separates the breccia from the flat-lying wall
rock.

Mining activity in breccia pipes of the Grand Can-
yon region began during the 19th century when essentially
all ore produced was for copper. It was not until the
1950’s that these mines were first recognized to contain
uranium-mineralized rock. Metals produced from one or
more pipes during the past century include Cu, U, Ag,
Au, Pb, and Zn (Foord and others, 1978). Uranium ore
from mines within these pipes is exceptionally high grade;
450,000 tons of ore from the Orphan Mine averaged be-
tween 0.30 and 0.60 percent U,O, (Pierce and others,
1970). Other mined breccia pipes have, or had, uranium
grade and tonnage similar to the Orphan Mine. These
mines are presently being operated essentially for their
uranium content (uraninite is the ore mineral), although
perhaps silver could be extracted as a byproduct; the Or-
phan mine produced 81,000 oz of Ag from 1963 through
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Figure 1. Stratigraphic column showing rock units found in and near the Grand Canyon of Arizona. The thicknesses shown
for each unit are those which occur over the area shown in figure 2 (thickness measurements from George H. Billingsley,

personal communication).

1966 (USGS file material). Analyses of uranium-
mineralized rock from breccia pipes throughout the
Grand Canyon region routinely yield silver concentrations
of 10 to 100 ppm, with samples containing as much as
1,150 ppm (35 oz/ton) (Wenrich, 1985). Minerals com-
mon in the unoxidized rock from these pipes are pyrite,
marcasite, chalcopyrite, galena, sphalerite, enargite,
tetrahedrite-tennantite, millerite, gersdorffite, barite, and
calcite.

The breccia pipes extend across northern Arizona
to the Utah border and south to the Mogollon Rim, the
southern margin of the Colorado Plateau. They are abun-
dant from the edge of the Grand Wash Cliffs (the western
margin of the Colorado Plateau), across the Hualapai In-
dian Reservation (which includes Mohawk Canyon), and
eastward across the Coconino Plateau to the Marble
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Plateau of the Navajo Reservation (fig. 2). No pipes are
known east of the Echo Cliffs. Perhaps the area best
known for breccia pipes is the Arizona Strip extending
from the Grand Canyon north to the Utah border. The
flurry of mining ventures during the past 6 years, in-
cluding the Hack Canyon mines and the Pigeon Mine,
has brought prominence to the Arizona Strip. The pipes
likely exist along the southern margin of the Colorado
Plateau but for the most part are buried beneath the lavas
of the San Francisco volcanic field.

Dissolution of the Redwall Limestone began dur-
ing the Mississippian, creating an extensive karst terrain;
the Pennsylvanian Supai Group was deposited into many
of these karst features. The breccia pipes include strata
up through the Triassic Chinle Formation, but no pipes
have been observed to extend into rocks younger than

































Table 1. Geochemistry of surface samples collected from Mohawk Canyon pipe.
[The first three digits of the sample number are the Mohawk Canyon pipe number]

Sample # Ag ppm A1203% As ppm Au_ppm Ba ppm Be ppm Total-C% T-0Org C%
ICP X-ray AA Icp ICP X-ray X-ray
494-A-C83 <10 .49 36 - 150 <5 .17 .05
494-8-C83 <2 14.4 72 - * 329 <5 .88 .06
494.C-C83 100 2.24 400 <, 05 * 180 <5 1,58 .57
T-C03 C% Cal% Cd ppm Ce ppm Co ppm Cr ppm Cs ppm Cu me Dy ppm Er ppm
X-ray 1cp (o ICP Icp AA 1C Icp 1IcP
494-A-C83 .12 .63 10 <20 <5 31 <1 40 <20 <20
494-3-C83 .74 2.28 10 *33,2 * 5,32 *110 *11.4 20 <20 <20
494-C-C83 1.01 2.8 30 *26.5 *11.9 *244 * 1,27 14000 <20 <20
Eu ppm F% T-Fe203% Ga ppm Gd ppm Hf ppm Hg ppm K20% L0I-900 La ppm
ICP X-ray ICP Icp INAA AA X-ray X-ray 1cP
494.A-C83 <10 .01 2.68 <20 <50 - .0500 .07 1.25 <10
494-3-C83 * 51 .33 15,2 <20 <50 7.46 ,2000 4,6 11.5 * 19,3
494-C-C83 * .67 .16 18 <20 * 3,5 2.81 .3000 .35 12,2 * 27.4
Li ppm Lu ppm Mg 0% Mn ppm Mo ppm Na20% Nb ppm Nd ppm Ni ppm p205%
AA IcP X-ray IcP IcP X-ray IcP Icp ICP X-ray
494-A-(C83 7 - .23 40 <10 .08 <20 <20 20 .16
494-B-C83 99 .51 3,94 60 <10 * .35 <20 * 16,1 130 .45
494-C-C83 10 .18 2.34 70 140 * .92 <20 13,7 70 1.47
Pb ppm Rb ppm Total-S% Sb ppm Sc ppm Se ppm S102% Sm ppm Sr ppm Ta ppm
1cP AA INAA Icp A X-ray 1cp ICP I1cp
494-A-C83 50 <10 .01 - <10 1.5 92.3 <50 20 <200
494-8-C83 130 *107 .02 2.22 * 8,86 4.6 45,5 * 2,96 870 * 1,32
494-C-C83 12000 * 13 .22 106 * 2.4 350 53,7 * 3,62 1600 * .26
Tb ppm Th ppm T102% Tm ppm U ppm V. ppm Y oppm Yb ppm In ppm Zr ppm
Icp ce X-ray ce DN Ice 1cP ICP AA INAA
494-A-C83 <100 <20 <. 02 - 4,99 60 <10 <5 440 -
494-8-C83 * ,37 * 14,8 .5 .46 16.7 90 20 * 3,37 * 1740 238
494-C-C83 * .45 * 3,03 .16 .22 49,5 290 20 *1.29 *12000 -
* INAA data

INAA-Induced Neutron Activation Analysis

ICP-Inductively Coupled Argon Emission Plasma Spectroscopy
AA-Atomic Absorption

DN-Delayed Neutron

X-ray-X-ray Fluorescence

Gypsiferous Member) because of the bulking effect. The
contacts were difficult to determine in many cases, par-
ticularly where strongly brecciated and only rotary-drilled
chip samples (such as hole 4R), or no samples, were
available. These contacts are queried in figure 14.

Geophysical Logs

Downbhole geophysical logs were made of each hole.
Top-to-bottom logs are available for holes 1 and 2, but
the bottom 260 ft (80 m) in hole 3, the bottom 160 ft
(50 m) in hole 4, and the bottom 234 ft (72 m) in hole
5 have no logs because the holes either caved in or were
too narrow for the probe. Gamma-ray, density, and
caliper logs are available for all other intervals. Magnetic-

susceptibility logs were also made on all holes except holes
3 and 5 (the core holes lined with steel casing). Resistivi-
ty and induced-polarization logs were run in water-filled
sections of the holes wherever possible, but due to the
cavernous nature of the pipe there were few holes that
held water long enough so that more than the bottom
350 ft (107 m) could be logged.

The gamma logs show radiation levels below 0.002
percent eU,O, for all holes except hole 2 (note the gam-
ma log scale for hole 2 is twice what it is for the other
holes), and one interval around 650 ft (200 m) in all holes.
At this horizon, just above the Woods Ranch-Brady Can-
yon contact, there is an interval of about 50 ft (15 m)
in which the gamma-ray response ranges from two to four
times the normal background for the hole. Thus the gam-
ma logs provide a good marker horizon for the base of
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Table 2. Geochemistry of soil samples collected from Mohawk Canyon pipe.
[The first three digits of the sample number are the Mohawk Canyon pipe number]

Sample # Al % As ppm Ba ppm Be ppm Ca % Ce ppm Co ppm Cr ppm

1CP ICP 1CP ICP ICP ICP ICP Ice
494-A-SC84 3.2 <10 330 <1 10 41 7 170
494-8-SC84 2.3 <10 260 a 12 34 4 150
494-C-SC84 3.4 <10 330 <1 9.9 41 8 99
494-D-SC84 4,3 <10 450 1 9 47 11 72
494-E-SCB4 3.1 <10 310 <1 9.4 38 7 110
494-F-SC84 2.4 <10 370 <1 13 33 6 140
494-G-SC84 4,5 <10 450 1 .89 61 11 63

Cu ppm Fe % Ga ppm K % La ppm Li ppm Mg % Mn ppm Na %

ICP ICp ICP ICP ICP ICP ICP ICp Icp
494-A-SC84 19 1.5 8 1.1 49 21 4.4 360 .33
494-B-SC84 11 1 5 .87 47 16 4.3 310 .23
494-C-SC84 20 1.6 7 1.2 38 19 4.2 460 .36
494.D-SC84 22 2 11 1.6 31 26 2 470 41
494-E-SC84 17 1.4 7 .97 36 20 3.9 430 .32
494-F-SC84 16 1.1 7 .89 38 17 4.7 290 .26
494-G-SC84 17 2.1 11 1.4 36 31 .56 400 .59

Nb ppm Nd ppm Ni ppm [4 % Pb ppm Sc ppm Sr ppm Th ppm Th  ppm Ti%

ICP ICP ICP ICP ICp ICP ICP DN Icp
494-A-SC84 7 34 23 1.1 13 5 300 <4 7.7 .16
494.8-SC84 7 41 12 1.4 10 4 290 5 6.4 .11
494.C-SC84 9 31 18 .7 16 5 260 5 6.92 17
494-D-SC84 7 28 34 .19 16 6 240 5 4.8 .23
494-£-5C84 8 28 15 .79 16 5 270 <4 4.7 .16
494.F-SC84 <4 32 19 1 11 3 320 <4 3.9 .13
494-G-SC84 7 31 21 .07 16 7 130 12 11.5 .3

U ppm vV ppm Y ppm Yo ppm In ppm

DN ICP Icp ICP ICP

494-A-SC84 4,17 40 49 3 84
494-B-SC84 3.94 31 56 3 60
494-C-SC84 3.25 41 34 2 77
494-D-SC84 3.3 51 21 2 68
494-E-SC84 3.58 36 35 2 72
494-F-SC84 3.81 31 44 2 74
494-G-5C84 3.68 49 22 2 55

ICP-Inductively Coupled Argon Emission Plasma Spectroscopy
DN-Delayed Neutron

the Woods Ranch Member. In hole 2, gamma logs from
the lost-circulation portion of the hole show a 1-ft inter-
val of 0.52 percent eU,O; at a depth of 1,191 ft (366 m),
underlain by a 20-ft (6 m) zone of 0.04 percent eU,O,
(fig. 15). This is the same stratigraphic horizon as the top
of the orebodies in the Hack I, II, III, and Pigeon mines
located on similar plateaus capped with Kaibab
Limestone (fig. 2).

An interesting problem in using gamma-logs to
evaluate ore reserves became apparent at this horizon (fig.
16). The initial gamma log, run just after the high-grade
horizon was encountered, and the drill string was re-
moved once, is shown on the right side of figure 16. On
the left is the gamma log that resulted after the hole was
completed, and the drill string had been repeatedly pulled
from and put back into the hole. From this diagram the
hole appears to have more than 150 ft (46 m) of anoma-
lous radiation, when, in fact, it is really 20 ft (6 m). The
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1-ft interval of high grade material was evidently smeared
over 150 ft (46 m) of drill hole. If this contamination had
not been recognized it could have resulted in an er-
roneously high estimate of ore reserves.

Under normal conditions density logs indicate the
bulk density of the rock. However, in highly fractured
rock, where hole diameter increases abruptly, the densi-
ty log appears to be a mirror image of the caliper log.
Thus, most of the anomalously low density peaks indicate
fracture zones in the breccia pipe.

In general, the logs show that the magnetic suscep-
tibility in the holes is low, which may be a reflection of
the porosity of the pipe. This porosity may permit ox-
idizing ground waters to alter many of the ferromagnetic
minerals that were originally present in the sandstones
to limonite and other iron minerals with low suscep-
tibilities. There is some suggestion that surface magnetic
surveys (Senterfit and others, 1985) over breccia pipes



show magnetic lows along the ring fractures where ox-
idizing ground waters have probably flowed. Just below
the high-grade uranium horizon (1,191 ft, 366 m) in hole
2, the bottom 75 ft (23 m) of the hole show a significant
increase in magnetic susceptibility. This increase suggests
that the oxidizing fluids may not have penetrated this
lower part of the pipe, and if an orebody did form at or
below this interval, it may still be preserved.

Because of the difficulty in filling the holes with
water there are few intervals with induced polarization
(IP) and resistivity logs. It is fortunate that the logs are
available in the high-grade uranium interval near the bot-
tom of hole 2 where no samples were recovered due to
lost circulation. The positive response of IP measurement
to sulfide mineralization can be seen in hole 1 at a depth
of 925 ft (285 m). Here pyrite is very abundant in the Her-
mit Shale (app. 1—lithologic log under mineralization col-
umn) and the [P measurement suddenly increases. In hole
2 the IP measurement becomes quite high for 40 ft (12
m) between 1,100 and 1,140 ft (338 and 351 m). This is
immediately above the high-grade uranium interval and
may represent the pyrite cap over the orebody. In addi-
tion, the highest IP spike lies directly beneath the high-
gamma ray anomaly at 1,191 ft (366 m), suggesting the
uranium is associated with high-grade sulfide mineraliza-
tion, as it is in all uranium-mineralized breccia pipes that
have been mined in northern Arizona.

Geochemistry

The geochemical data and petrographic descriptions
will be published in a separate report following comple-
tion of all chemical analyses by the U.S. Geological
Survey analytical laboratory. Preliminary analyses of core
from hole 5 show intervals of high concentrations of As,
Pb, and Zn. The core was sampled and analyzed at ap-
proximately 15 ft (4.6 m) intervals. With the exception
of from 407 ft, (125 m) to 419 ft (129 m) (2 samples)
within the Fossil Mountain Member, all As concentra-
tions above 748 ft (230 m) were less than 100 ppm. At
this interval, 407-419 ft, the Ni, Pb, and Zn concentra-
tions also increase dramatically, although, except for a
sharp decrease in the density log, there is nothing unusual
about this interval. Between 490 ft (151 m) and 540 ft
(166 m), starting at the contact of the Kaibab Limestone
and Toroweap Formation and going downward, there are
some sharp increases in Pb and Zn, but none in As and
Ni. The most dramatic geochemical anomaly begins at
748 ft (230 m), where As suddenly increases from 10 ppm
to 3,600 ppm and remains well above 100 ppm until the
bottom of the hole at 1,008 ft (310 m) where it is 2,300
ppm. This increase is accompanied by an abrupt decrease
in density due to a lithology change from a siltstone to
a limestone. In fact, there is a sizable cavern at 748 ft

which is indicated by the caliper log. Although there are
two high Zn samples around 748 ft, the Zn concentra-
tions aren’t consistently high above a depth of 950 ft (292
m) where Ni is also enriched. This geochemical anomaly
occurs in the middle of the Seligman Member where the
grain size is larger, and hence the permeability is greater.
Hole 5 was terminated because contract money ran out.
However, the most interesting geochemical anomalies oc-
curred near the bottom of the hole.

CONCLUSIONS

The Mohawk Canyon pipe was selected for drill-
ing because it contained eight criteria deemed to be sur-
face indicators of a mineralized breccia pipe. Drilling has
verified that this collapse feature (1) is a breccia pipe, and
(2) contains reduced mineralized rock. Although the 1-ft-
thick zone of high-grade uranium encountered in hole 2R
is hardly an orebody, the grade of 0.52 percent eU,O,
is the average grade mined from those breccia pipes which
host orebodies. Besides hole 2R, only 2 other holes of
the five drilled penetrated to the depth of 1,181 ft (366 m),
where the uranium-mineralized rock is present; both of
these other holes were either outside the breccia pipe or
outside the reduced zone. This is the same horizon
(1,181 ft, 366 m—at approximately the Coconino
Sandstone-Hermit Shale contact) as that at the top of the
orebodies in the Hack Canyon and Pigeon mines, located
beneath a similar Kaibab Limestone-capped plateau. Hole
4, which was lost when a 40-ft (12-m) cavern was en-
countered, contained the most sulfide mineralization, in-
cluding galena, sphalerite, arsenopyrite, bravoite, and 1-3
percent pyrite in the reduced rock just above the cavern.
The rocks in this hole appear to have been downdropped
slightly more than the other holes, suggesting that they
are closer to the center of the pipe.

Sufficient mineralized rock was verified in the
Mohawk Canyon pipe that further drilling is warranted
to assess its economic potential. Results from this study
suggest that the ideal place for the next hole would be
about 25 ft (8 m) south of hole 4, where the downward
displacement and brecciation is probably greatest, and
hence the permeability and U mineralization would have
been highest. Hole 4 showed the most sulfide mineraliza-
tion at the shallowest level (1,000 ft), so future holes
should be located near it.
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Figure 15. Gamma-ray log of hole 2R, 900 ft (277 m) to 1,300 ft (400 m), showing a zone of high-grade uranium
mineralization (20 ft of average grade 0.04 with 1 ft of 0.6 percent eU,0,).
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Figure 16. Gamma-ray logs showing the log made immediately after the high-grade zone was penetrated (log on
the right), and the log run after repeated trips with the drill string (log on left), which contaminated almost 150 ft
of the drill hole with the higher-grade cuttings. Logs such as this would result in an overestimate of ore reserves.

Lithologic and Geophysical Logs, Mohawk Canyon A23






APPENDIXES 1-5




LY M
T I..l.ﬂ.“ﬁ \l\ “.. -
budo > s § A H J
*,621~,6/0 pues z3b B A -ysiAesb| uope|ad |3 Hissaa | 1 :
SU1le3U0) °3JBYD Juepunge 03 JOULW ,GET-,00T JOULW | & Ntvips ? : i
sulejuo) *o|ed ‘auolspny *,012-,S6. 881,65 |@ =T M : T
c ¢ _|II|..|..!L _
E] y O . 0
] \vu::: s6o W’ -
2 ) B J
3 < @
(2] v qnb mw T
n ! 0 > ]
g ¢ m:0 -
. o P n:z
S}eaJls a3Luowl| JOuLw d3tuowt| | Q o 1 S:m 4
“3dayd Jourw ©(eoL|ls JO Ke|d) Keub| ‘uopeiad |& > t @: J 4
JUBWAD %L SulLeijuo) °od|ed A1yblLys 9ALIO 3L JOULW | X c ¢ n..uo |
‘bya “a@3tuade z3p *,6/-,SS ,00T-,99 164,89 m _.._4_ r,, .|A.
] b ¢ ¢ : T
m ¢ :
E ] 1 3 —
*buLulan z3b |buuo ajed A -~ \.||I,|w S _.m : -
B pues zib 64A sureiuo) *snodod ,66-,G¢ w - seyou -
€740s 212 “3u01Spny *,56-,GE = r,«m " u
Nuird budo > ﬂsA : an
-ysiAedb M 2 : z< ]
5¢-,02 = R z
+J9130W dluebJo . z Eono q\hyw > 2
Joutw (63 03 H6jA) pues zab asueds [bBuuo sjed A » 42/ 2 b J
€3J49Yd JOULW SuleIuo) *|[e3Ixodoew ,02-,01 uope|as m A > ]
‘oL3Lwoiop ‘auolsawi] *,6¢-,0 uJg-mi A 16€-0 |Z m <
ajed:,01-0 ~ . . . ....M..N_ ) 4
uo13d14253Q 40109 ledauin | uideg | uird §00°0 | 000
19d *0%ne AvH VAWVD
v6TTT :Qd ,02T7 QL ,0¥€9 *AdL3 ,¥2,00,E€1T :bBUOT ,0€,L009€ :3e]
7Y :91e3S 0Oulu0D209) :£3uno) gz :uoL3das§ t°¥ NZ2E :°1
¥8/81/1 :913eq dI-y6% :°0uU B8|OH

odid uoAued YMBUOW ‘Hl ajoy Jo; sBo| [eo1sAydosb pue diBojoyyl ---| xipueddy

A26 Breccia Pipes in Northern Arizona



17 7 :
I AM :
m T 1 %
2 8 o <
uJq > @ T ; :
-m| K 9fed s " T .rﬂm
1G2€-,0%2 0729 |5 05— —? :
*,07¢9 sburiino 911Y3306 |- 1] S o
awos uo Bup3eod 231Y1906 JOULK JOuLy | M i) L
*1J3yd ‘uope|ad |4 o T e
juepunge 03 JOulLw suleluol *(6iAd) ‘93LuoWL| m m T __ I ¢ )]
[eaxodoew €auolsawlr] *,0yE-,012 JouLy jm [~T1 } :
~T 1 4 K
Keub-m| A o 1 5 o
< 1 L H
,0%2-,01¢ “ T T \V :
S s Sy H
R 3 -
uope|ad - ~ot - ...
JOUW | goz— | < :
,012-,061 el L,
*,061-,5819 93 L3eWAY 12 3 .“
8 91LUOWL| JOULW €33LUOpPP|dD budo [*3dLJosap e L vy
juepunge €z3b oLuopasiey) [-ysrAedb 03 EEIN iHU;l%u- .w\ -
budo ajed A|,061-,681 .41 § <« K
,012-041 = g %
gy € 1 ¢ :
I&\s(</nx.(ﬂ; S
— AN - ...
ll./—.“ 4:\! —nVl ...
i ) :
OMF{‘I\I\I_I,I /V ..
Kedb-m K b 2yt & 3 :
,0LT-,GET e $
= ¢
|./\q./.{¢r.\\H. ~u
~ ¥ 1 1 nw 1 .’....-
U0 13dLu753Q 40109 ledsuti| uadsg | U3t 9 a SW

41-v6v

1*0U 3[OH

Lithologic and Geophysical Logs, Mohawk Canyon A27



*.021 9 === S
PoppPaqJajul dU0]SI|LS QJBD JOULK o $ :
; ! )
*0Ttv-,86€ 9 211y3206 . w_q ' H
sa)el4 B sureab 231y3a06 Jouly Jouty Lo Lo S
*,G8E-,0pE Se Qu0lsaWL] *,G/p-,G6E 01y-,56€  00¥— 171 3 :
*J(@> “3U0ISPNY *,S6€-,S8E w
% OF
] 08¢ @ $ E
,08E @ s9931d 3 suredb 331y3909 91143909 5 ;
< .,
*,0/LE & usey LSS0} /m Kake|) budo n” g
aled A 03 5
yurd BuJo 3 3
EWETE -ysLAedb 3

JuepUNGR 0] JOULW $3UOISPNW D|BD ,GGb-,52¢ 'Y b
poppaquajuL Joutw sutejuo) *(6yAd) 0§e—|—1— 3 :
Le3x0Joew €duo3sawt *,G8¢-,00E \__KV___ 3
. -
T ‘ <

1 | i

S ) v /nv :

vl ] n
*,0v€-,G2¢ @ A3Jaud A a1 -
\ .

5
1 <’ -

i 42

682 r Jv

- 082 9| 00e— 11 S

97117eway 1 ~» o

Jou L L by ..
€3371UD 1__ F_ '\ "
-e | oW T 4 g
*,682-,082 9 bululan z3d asJeds _ﬁﬂﬁ_ ¢
i ) I

uo13diadsag 40109 lessut | u3dag | u3L] d a

YT-vov

o0
.

ou 3|0}

Northern Arizona

ipes in

A28 Breccia P



T .
oy S 7
o] e T 3 K
S == Y ;
“urels o budo aled A (7] .l(,\r\\,\\u\\_ alu.
L PLXO 94 JOULW - poiay | < B
m:.%.t_ou *(suredb z3b 6y M_B pau) ,019-,0%5 mommll g B .f\ ;
ue ¢ ¢ . e :
pues “o|ed> ‘auolspny *,5v9-,0£S m .fmn ~ m oy : u
z ="t s :
m ] S,
z upees | 8 :
H ] T= 10 p\f
~ padase < i
|O. S S - B
] =1 5 K
[} T v 1 \ :
= N ey h) ;
u ,..)\Jl.... i \\ m
dr T J n
M .OOnLall,l\_l(l.l — rV u..
B et V ‘Y
Budo 2 —-——a X 3
*3J3Yd> JOULW SULPIUOD - = = 11 o 5
. ® Apues f|asJeds sl jtup *o|ed .oﬂmwammw 2 — i £ ;
OC . ' o T—T N g
01SpnW § 2U03SAWLT *,0£6-,5LY S == >
~ NS ‘> &
R N 2 rad
v ] € ) ¢ B
id1lleway L ; .mJ :
€ v — *
311uUoWL| I 2 < H
JOu LW <__ It s .,
931U3909 | OS¥—{L_1 < i
. . ,069=,0T¢ . 2 .
,0ty 8 ¢wnsdAb Joury 771 r\.. :
. *,06% - zm) ) :
.m?a (¢9313ewdy B) ure3s ajLuowt| = J :
Luow} , ,
ouLw /M suredb § saye|) 911Y130Yy b 3 <
A 1 :
uoL3diuosaq L] N N R T
40103 leJau Ll yidag uiLl a S

d1-v6v

1°0U 3|0H

Lithologic and Geophysical Logs, Mohawk Canyon A29



©1G89 @ Suolspny

*S931J4pudp

Uy ‘93l3eway paJd 3yublruq Joutw
fsaqno 91LJAd Ja34e B sbulrgeod se
931y390b quepunge futels djLuowt|
juepunge A SULPJUO) *SNOJDJL|LSSO]
‘@3two|og *,0€.-,0S89

‘o|dwes ON ,069-,579)

budo
-mLK P
0€/4-,989

3pLXO Ul

yutd budo
-ystAedb
689,049

‘a3Lqewsy

JOULW
911y1906
‘ajLuowt |
juepunqy
,062-,059

(NOILYWHOd dVaMOHOL)

—

—

00L—

—

*.619
- ,0199 PappagJajul 2u03si|Ls d[e)

Kedb-m| £
1G¥9-,629

93 1J4Ad

1079-,5€9]

Kedb 1|
1629-,019

©

| @ yaawaw NoANVO Aavusa

s

A

ﬁ.\...\/\(\

b—eoe—p—

A —

o
<

V.o"\.,"/'—“ N\, J\,//"‘

<
V!

Ceeresen, vese
. . “vegat
taeee T

©

Searee

0y
.

are N
.
Cenn,t

A Y TR RPN

J e L

uol3diJdosag

J0109)

LeJau Ly

uadag

Y

(a)

41-v6y :°Ou 9|0H

A30 Breccia Pipes in Northern Arizona



. H
A : .
L :
Y0 0o : .
S S
Kedb 1| .,n : 1
01 Aedb ¢ J
=9AL10 1] 4 .
,016-,5€8 4 — ]
o { Z :
o s O : .
o] Y C :
S { 0 t ]
Budo = ! m : J
4 O .
-ysi1fedb 03 ) J 3 ]
*sutedb 21Ly3906 Jouilw |Budo aled A| 931U31306 e 1§ - N ]
fuLeqs @1Luowl| JouLlw Ssuredb ,GE8-,008 | @21UOWL | w w o] : i
pa1sod) ‘pudgns sureiuo)y °*b6ja 03 JouLw |9 5 .W
64 ALasow “ajruade zid *,526-,06/ 1626-,06/ 14 $ 2 g )
z /\w W B
m 7 :
4 =) : .
A_ O u.. b
- ] 2 : 4
~ @ ) :
Budo-m| £ 3p ar P T
1008-,9.L o) 4 ; J
o5 v < : .
~, .
*sayell 331yq90b Joulw ¢spaqualul 911y3206 MM z > : ]
auojsawl| Joutw fHulrzeod ulredb udg 1t JouLp [ % .w_._ 4 _ﬂ|._I[IL i
® uLels ajtuowr] AAedY SuLeIUO) 01 Aedb| 331uOWL| m uwu N Y : Y
*pa3Jos AlJood ‘Aake|d> “BjyAa 03 -MLA 3p| quepunqy (@ m < ]
64 “oled ‘a31udde z3) *,06L-,05. GLL-,0SL),064-,08. g 3 3 ] ¢ ; 1
~ 062 N : -
Budo-Aedb “\ : i
10G64-,6€L < : i
*pues z3b B6jA 03 63 B 93to|Ed { :
sulejuo)y *ajLwolog *,06/-,0€/ [Pudo ajed A W H T
6€L-,08L > : T
[ 1 { 1 'd 1
uo13dLJosag J0o109) tedaull| u3daq o a SW 4o

41-y6v :°OU 9|OH

Lithologic and Geophysical Logs, Mohawk Canyon A31



4
\- ...
Aeab 31| ,000T @ 3 0:
,0801~,000T| ¢@1ludoq i ;
-ysiuael 2 :
320oe3d —. :
9 :
¢ :
\ :
) .“
Kedb 3| 03 [ H
Kedb 11 A T ., :
,0007-,G96 @31lleway (M \
*sutedb paisody $3313ewdy pad €911y3a0b | 2 ~ H
qubLdq Ssutedb 931y3a06 ¥ 2314Ad “a1144d w { :
juepunge suiejuod ® oied A1ybL|s buso| juepunqy I 4 ;
‘A31Ls 03 BJA sL 3Lup *du0ISI|Ls -ystAedb ,S80T |7, 4
® 93LudJe z3) °*,4801-,526 :§96-,096 - 926 m :
\ :
n A R
3 ¢ :
Kedb 7| A mVp b w
056~ ,526 M :
Y CNTRETL 3
03 Aeub 91144d
SAL[O 1| 3Juepunqy :
16¢6-,016,526~,016 ....
yi < :
hr
-o ]
ov:
s N o
uolr3dLaosag 40109 LeJdu LYy SH

d1-¥6ty :°0u 9|0OH

Northern Arizona

ipes in

A32 Breccia Pi



*pues 6JA suLejuo) *Apues °paluos
-ALy00d “du03si|Ls *,0211-,5801

uJg-paJd pow
0¢11-,9801

~ o~ o ~
~ T \\J_~_’/\’ \~‘

v/

N\

<
‘-!,

~.,-"‘.,\

!

(=]
N

ov

1 dd i

N

-l

I

uoridLaosaqg

40109

|eJauty

o e A

YyI-y6y :°0u 3|OH

Lithologic and Geophysical Logs, Mohawk Canyon A33



uope|ad ln\\,\ﬂ. w
M £-Keub| a3130UWaY b N o :
1GET-,0TT | ‘@3 Luowy] ooy v m iz
*64A ‘pues zib surequoy *A1[Ls ¥ Joutp |E By | o P
Apues ‘oped> “auolspny *,091-,08 ,091-,08 (3 VR B 5 W
*156 9@ 001— T L < im
a1tyoe ey |2 Henes ! L5 =
W gt § o \ ¢ [} o
[0} e z » wo /6 M.
Kedb-m| £ < T m H\ ¢ %
,0TT-,59 @ — m Pe ‘o
m — o o S : 9
] _ ./)\].ll A n-||_
o e 4 -
*sdiyo Jo sapLs Burieod @ R I Y m
93LUOpR 3D JOULl °*31LLS ¥ pues z1b uope|ad |X o~ r 1 3
6JA quepuNge SULBIUO) *DLLWO [OP JouLy |2 —~ 3 seyoaul :
‘ : z O 4 . o
01 J5led “auelispny *,08-,0% 08=,07 |m  O0S—~ i §e———— >
2 ] < 0¥ 70 z
st ) suun
m NS ] PV * H w
> L2 > sbo W - >
*sulels B saje|y 93Ljewey ‘pnu S T S : 2
23LUOWL| Joulw “S|eAJ4d3UL Apues @ M : <
UL 9]LUOPR 3D JOULW SULRIUOD Luf 3713eway | > i
*(sutedb puagns <64 03 64A ‘pues ‘ajLuowl | m \A\ :
z1b /M) auoispnw “o|ed ‘Apues ‘uope|ad|® .llll
B (suredb z3b puagns /m 64 03 |[Budo ajed A JOU LW m Iv :
64A) ss doL3Llwolop “®3LWO[0Q *,0%-0 169-0 0v-0|% “
~ 3 .--
L L i _ L.. il 1 i
L0°0 00°0
uotidLuosaqg J0[0) eJaull| yads 11
; : il il 10d 80%ne Avd VANWVD
1 ¥CET 1Qd ,GEET QL ,SPEY9 :AdL3  ,¥2,00,ETT :Bbuol ,0€,/0,9¢ :13e1
Zy :®1e1§ OuLuo20) :A3uUN0O) 9Z :uUOLIDBS M/ :°Y¥Y NZE 1L
¥8/G2¢/1L :913eq 4eé-v6y :°0u 3|0H

adid uokueD YMBYOW ‘HZ 8l0Yy 10} sbo| |edoIsAydosab pue d160j0Yyi--"Z Xxjpusddy

A34 Breccia Pipes in Northern Arizona



*ULe3}sS a3LuUoWL| asJeds B sbur3eod a3LuouL | < :
se 931Y390b judisisdad Ing ‘811y3a0b6 | w E

JoutLuw ¢ |eAdajul jo dol ¢ pues zib Aeub-m| £ JOULW |2 m\ :
JouLw B 343yd Juepunge SuLeIUO) 1 GGE~-,062 | “uope|ad [P v !
*OL3LJOLlw “BuolsawL *,02¢-,062 Joupw A (@ 5
,02£-,062 | v 3

m ! \

a11yza06 |4 3 1Y <_ H

nmp_.pmvEm: m m v s a\\lWl u.u

°1J3Yyd juepunge suLeluo) ‘a3tuouwt| |8 =4 I - 12 L:

*Kofe |2 AlaubL|S $83Lwo|{Op JO fudo| “uope|ad 2z 'R < :
€oL3LJoLlw “duolsawty *,062-,022 |-ustAedb o3| juepungy n T e !
Buso ajed A|,062-,022| = Iv = ?

082,502 o] 4

-] \ .

o < K

— =T / .

[ 6uao-£easl oty § S

1G02-,961 OONIIIRHI 4“4 ....

uope 92 BEan | y S

juepunqy — At 2 oF 0

*sutedb § soaye|y 831y3206 2w $

911y3906 ‘sbuirieod ajLjewdy ‘uireis €3313ewWay I i 8 3 :
d1Luowl| Joutw fpues zib 64A ‘ajLuowt | -] _ls :
suLejuo) *A3uayd ALqubLys AaiLs JOULY sy N
% Apues “o|ed> ‘auo3lspny *,022-,091 Aedb-m|£ |,022-,091 e S=
1G6T-,061 = 3 :

B s | 2 ;

uope |32 J_ 7

Juepunqy 0SL— T T} Y :

*1091-,0¥T o suoasawi| (Budo sjed A |,091~,0¢1 — { :

S13LJOLW /M P3PPaQJaIUL SL ILup | ,0GT-,SET il § 2 :
I _1T7F < :

l)\}\).\)\l ~w n-

Ar——  ree \ :

o ( :

hanahe 1 1 J | 1 m. ]

U0 3dLdo53q 1009 ledauly | uideg | u3t] a SKH

de-v6y °ou 3|0y

Lithologic and Geophysical Logs, Mohawk Canyon A35



g -
211u3a06 - :

‘911uUoWy | w K

quepUNQY Y 3

*,006-,00% @ 3uasaud 00G-,00% Te——n o

9110]1eD pazZL||P1SAUDdJ B S|LSSO4 00¥— ..|..1V\ &
911u3a0b Au o

“a313eWaY < 2

yuLd-6udo | “ajLuowy | ; s~ ,
-ysiAedb 03| 3uepunqgy ) € \M 4 Lo
*,00% |Budo ajed A|,00%-,0L¢€ Ps 5
-,0/§ @ 9114Ad aoe|daJ § juepunge \Gtry-, GG€ — N :
211u1906 § ‘931jewWay ‘ajLuowl] b 3

\ T

<
{ :
*911y3906 /M 311luowl| 371y31906 s 2 :
§ 93LJPWay JOULW *D0SSY *3JAYD ‘@31uouwl| 056— S
juepunge /m duo3sawi] *,00G-,02€ ‘a117eWay ) <. :

JOU LY R S S
L - o.v o
10£€-,02€ < -0

* ,0EE 9 & B ;

{91444 g :

] ) :

' :

\J "

3

%

P K

S

00— _h_e ¢ ;

— 1 | W .

h N

T~ 1 «nu :

—~1 1 ' B

II= L

Tl ' i y ¢ | I _..2 L 1
uo11d1J9s3(Q 40109 (eqauty| uadag | u3Ll 2 a S d

ye-yov :°ou 9|0H

Northern Arizona

ipes in

A36 Breccia Pi



<_J _“ // T
Tt 4 :
“1v]1 Y
Tv [ ] < :
=1 ol :
2 g ; E
4= .V - 1
0SS—= 11 ¢ K
*,006-,00¢ se oawes *,G/G-,0¥G I lzv i
Sr—1 ¢ .
3 KA
S :
«/..v ;
-’ S
“pues g ]
z1b 63 juepunge ¥ 34dyd> SsuLeIUO) \ N -
*pazLjlwolop ‘auolsawt] *,0¥5-,009 t : 4
'd ; A
4 :
| S WS | -
M oy - 0
[ .
51 - ;
9led 03 N 4_%4_- S H
Buao-AeJb 1 5
\G19-,Gbp Janan », N
i Q 1
—_ 1V IF /v M E
v ] ] o
oSv—1oIv}- ! : |
~T el 2 ‘.
-~ I 1T ~ .
1/_\“_% I ¢ :
O S .
— = —W L \\V u..
—v I~TF M .u
L 1 ITd | L LT 2
uoL3dLadsag Jo|o) Ledauli| u3adag | u3Ll a SN 9

yZ-vo6y :*ou I|O0H

| Logs, Mohawk Canyon A37

1Cal

d Geophys

ogic an

Lithol



A

v

‘\,M

vA»J‘~

’J\
I
“w

Y

]
W

\V..

"

.
AT LAA TP P PP P LTIt

~ V/\.,.‘
-

——

\
v/
\/

e WAV o A,

,‘\/\J\ A
\’
v

-

-
00200009 % 000t 0? e 00"

P
.

1

.
o
. e

(=]
}

setestty .

.
s

o
.. ase
. tagesse
Sg etTentte

b oo
0
oo

93144d
*349Yd Jouiw A
JOuLW furels dJLuUOWL| ¥ JILIPWAY 93Luowl |
juepunge ‘wnsdAb Joutw SuLejUO) ‘aitjewsy
*(|eAado3uL Jo @wgmzo—v auojspnu juepungy
% ‘ss Aafe|d> “auojsawil *,09/-,089 buso-£eub |,09/-,089
094,999
*,089-,599 9 swej 2u03SI{Lls Joulw =
/M juepunge aJow Spag Buoj3SawiLT o
o
Keudb 73} @
1999-,099 2
z
[¢]
. =
‘uLels aiLjeway R Aedb-mi£ 2z
97LUOWL] ULPIUOD SAUOJSAWLT *Sagnd 1069-,G€9 | 81L3ewsy |Z
¥ sassew 9314Ad juepunge ‘suieub ‘211uUoWL w
z3b buegns suiejuod (Aafeyo “o|ed *9114Ad |D
ALaubis <63 st §§ *(Leaxoudew) Aedb 3| | quepunqy |5
duolsawi| B SS *,089-,919 19€9-,619 1,089-,419 m
o
£
m
>
v
-
o
°32P3U0D m
feseq ¢ dso “pixo a4 juepunge >
9 sutredb zib sutejuod £3|1Ls 085 @ m
‘b4 SL SS °249yd> uepunge /M SS 91LJAd |2
® ‘OtL3jtwo|op €duolsawi *,519-,6/G -0ojey) |~
uo13diJdosag J40|0) LeJau Ll
6 40 G 9berd

oM

2

dc-voy -°"ou 3|0H

i W B

rizona

Northern Ari

ipes in

A38 Breccia P



~. -
s

\
\

0
.o

< .

J :

{ :

] :

] v i

> ¢ p

(=] ( >

< (4 "

o 3 -

> \ K

z 1

(=} L m\ L 1 ...

z € \ c [

@ N :

m L :

3 t

*sbuL1e0d a3130WaY S < :

% buruiels ajLuowL| juepunge m I ¥ <
suLequod (o|ed A1qybLys ‘suiedb 91L3PWaY m \f.
z1b Buegns 01 pudgns 63 03 ‘ojLuowt| |3 S
B4A “D17LUBUR SL SS °*SNOJDJL[LSSOY udg-m A | Juepunqy |m o

‘auojsawL| ¥ SS *,0./8-,09. pow 03 |,0/8-,09L |9 kY p
Budo~AKedb Z b3 :
,08~,06. 2 ™~ R
'0 -

z .

~ ~/ ...

e F 2 !

J :

3 :

; Y .

omN.Il g ”.

) ﬂMV u..

. 2 :

- N

> “

~ lw 'l B

4 H

1 1 - — 1 W_z 1
uoL3dLJdosag 40109 fedautl | wuadag o d

dc-pby :°ou 3| 0H

Lithologic and Geophysical Logs, Mohawk Canyon A39



o 1) y :
m \ :
g 5 p ;
*sutedb zib pojsouy B pudgns m » H "
tuLe}S dJLUOWL| JURPUNGR SULPIUO) 23tLuowl| sm M 14
*64 €atusde z3) *,0201-,586 juepunay |> © = 202 0 :
Keab-m| £ 1020T |5000 b— < < ATAw
*paulels ajiuowi| suiedb B} ,0201-,586 -,686 |4 %,
sdiyd> Auey °suiedb zib [eapayna 01 o m :
[edpaygns “deald €asaeod (31rJAd 23 Luowt | ﬁ_ N :
JO sassew juepunge suieijuo) Kedb p—r ‘ajlJ4/d - o
*bya ‘931udue zID *,586-,G.6 1686-,G46 | 1uepunay by :
1 986,546 @ J/
3 £ >
S = =
o 2 3 .
s = { :
o ! :
v 056 NOILVZ |
3 -i4vi10d ! s
Z J
m m - - a3aonans \ :
< 1 ] . .
3 & - I € (2 13
o n — o \\ .-.
z N
*,026 @ 9buedo “a1LudJe zib y e Fmov .“.
*suLedb |eapayna n ) Y m..»
9s4e02 ((z3b proa uo) unsdAb 7 - L 3 7
JOULW SULRIUO) *,G68 © SL ulaub — - —\\
pauJdny uoLIN|osS SYY 2ud UdLym 006— — T
35%UPr1SgnNs ® Jo 3Jduelsqns uaadb y N i n...
. L L
*(uoLadrLuosap ou) uoLieLNdJLD N
1s50] “@|qgejieae 3ajdwes Jourp n - <
§5/6-,0/8 . i =4
' ' 1 1 1 TV i - _ 3
uo11d1Josag 40109 tedauip| u3dag | u3LT a Ssw
Ye-voy :*ou 3j|o{

Northern Arizona

A40 Breccia Pi



[ .
4 ) ;
¢ :
- {
— -
_ | :
\ s
i ) k
! :
oSt I— \ :
. A n..
— Dy :
T _ 00970 \ :
2 i) :
Zz 7 < :
= ] =~
o - } :
1z - {
m 7 Y
1 :
N L ;
001 o¥ —0
~ =& & ¢ :
| ¢ ;
! :
— — .
4 L
_ L ) :
— z ._v ~4 .
) :
7 :
- J 2
— < i
! :
—] \a R
{ :
0G0 I— ¢ :
- 1 .
” ”.
*uOLIR INDJLD 7 /
3s0| °sa|dwes ON °,GEET1-,020T ] / H
| \ :
1 1 1 ] .\ L. [ N
uo11d1u2s3g 40109 feqauly | uadeg | w1t 49 a dl SW g5
¥e-v6y 10U 9|0H

Lithologic and Geophysical Logs, Mohawk Canyon  A41



b
E-a-;'
g @
E v
s Q
a\—
©
)
[ -g""
2 c 9
Y ©
=2 g-;‘.’
o—
[ w
o w;\
w S -
Sl . 8 -
m"._
v T o
T g "
5 2 g
[
e 38
=Z 0 o
o
[}
©
(&)
—
<
o
[}
<
bl
=
=
o o o
a o 0 =3
7] ~N N (]
[=] - ~- -
lLIl'llJJJIlIIllLI!IIlII_il
<
=)
—
-
lllf"lllll’llllllllllllllllf‘rll

- o
~
[ ‘°[
- o
Q—WJM Y
- A 3 or
(] R A W
a
o
i
<
24 O
o
c
)
o
T
@
O]

A42 Breccia Pipes in Northern Arizona




A Y
)
J
3
\
N
{
I ¢
3 00— ) 7
2 4
@ {
= 5
3 /
i
° ]
< \
v R SR )
[ — [ o
5 fm
n sayoul (Z
3 (2
*bururess c = %
¢ [/} \ < >
ajtLuowt| Joutw fsuredb buegns ajLuowl| J Zz
01 puJgns SuLeIUO) *I|ed AI|LS Keab-m( A JouLy | N ) z
‘64A ¢(93Ludse z3b) SS *,091-,S1 \G11-0| ,091-,ST |5 0S— o3 J H
m 1 N
i >
2 = € \e ' <
m M. (wo/B "
@ - { 7
> } ) .
@ [ 4
e / -
N
m 3 -
4 pS -
o «/
] Y 1
*ot3Lwo|op ‘auolsawi] *,S1-0 ~ o E
S Y i H../ n 1 1 i
uor1dLaosaq 40109 {eqaut| uadag §00°0 000
19d 80N AVH VWWVD
,0L1T :0d ,12¢vT -0l ,0%E9 W¥2.00,E£1T :Buo1 ,0€,L0,9¢ :13°7
7y :9101S OULU0D0) :A3uUn0) 92 :uOL3IDAS ML :°Y NZE ‘'l
¥8/1.0/8 :?313ed J¢ % ¥E€-v6v :°O0U 3|OH

adid uoAuBD YMBUOW ‘OE PuB HE 8|0y J0O} sbo} jeoisAydoab pue o160joylty --'¢ xjpusddy

Lithologic and Geophysical Logs, Mohawk Canyon A43



\md

Jouiw fsapnpou ||ews se A2 asR .\mmmm..wm,m )
JOULW A $SULP]S dFLUOWL| SULRIUOD L
atun *ByAa oped “9jiuade z3b Y
SL SS °ss § suojlsawll *,0¢¢-,0%2 <
Buao-Kedb .\f
1692~ ,G€2 || @313RWSY <
JouLw A v
*pues by suiejuo) ‘a3LUoWL] \
*21®D “3U0ISI|LS *,0b2-,0€2 JOULW !
0¥¢-.0¢€2 \
= )
L ¢
8 _v a_\
\
(4
>
]
Bbudo-m£ ¥p Al
1G€2-,08T | @3luowl| \\V
‘312 A ‘A31Ls JOU LN w 5 w ‘__.
‘(d11uade z3b) sS *,0€2-,591 fedb 1i]l,0€2-,491 !
081,841 S
*sbul3e0d FEXTETIEY J
(2313RWAY) BpPLXO Ul D13ILJPUIP ‘apLXo uy Xal
asdeds suLequo) *Aauwl| B4A asaeds =
‘ss 03 Apues ‘auoisawll *,591-,091 1G97-,091 S
ﬁ\
\
\
¢
{
buao )
-ysiAedb 09 A
buao ajed a [
\GLT=,GTT 4
] i 1 i 1 _ 1
uo13diJaosag 40109 {eJdauly Y d

dE-vov

1*0u 90N

A44 Breccia Pipes in Northern Arizona



\
P4
¢
)
\
J
)
/Iu
J h
)]
/
\
¢
} )
‘ \
- !
o )
@ /
2 }
=
z <’
o \
s J
S <
] i 4 )
*,GEC 9 SLeIX [eJpIUERIDO budo| 21Ly3s06 {
€aniq yp A “jjlews °3J4aud 91ed 071 (°3a3tuowlLy _.w... P
Keab 3| A g sbuLleod 93Lu330b6 |Budo ajed A JOU LW m P
sutejuo)y °auojlsawiy °,08%-,02¢ 1499%-,02¢ |, 08¥-,02€ (D P/l
-~ “\‘
AM <
> £ .\w —
Aedb 11 A M m
,02€-,00€ F ~
m )
@ £
o
buso-Aedb | ajruowt? | -
*,082 @ duo3sawt| | ,00€-,062|,02€-,0v2 [~ <
feaxoadew uL 23tJAd Jalje /\
S1elx o1qnd “yoelq (ww €°0) [Lews 082 9 X
A se juasaad sydaowopansd 911y3a09y 931Ly130Y n\ [
1 i 1 L3 1 1
uoL1dtaosag 40109 ledaut | uyideg | uat] Y a

dE-v6y :°ou 9|0H

Lithologic and Geophysical Logs, Mohawk Canyon A45



J
(4

*4696-,095 @ °eLlp ul uw g£op° Iagnd uJgq pouw | 31ty3a=09 £ 3 1

u0J4pauUR120 ue Aq pajedund) sagnd 1686-,096 [,696-,096 | S 2 )
eualeb jo sydaowopnasd se 93LYy3za09 59 3 .

] ] ¢ ]
066— 7%
2 S——+ ) 3
m { J
> 3 b)
v > « 4
n Z >
o © q ]
*suLels a31uowt | |2 T b i
3jLuowl|] § 93l3ewsy juepunge ‘a1LeWRy (> = ) .
£3J43Yyd SuLe3luUO0d § JLILWO}Op Kedb-m A | quepunqy m m S
SL JLuf °Ss B duolsawit *,0/.6-,40G 1096-,506 ,0£6-,605 12 m | L
v { 1
? 4
1
———— /u o
*sajdwes ON *,50$-,56¥ 005—| - ¢ a
\

*3Lun jo ,G uaamo| uL sbeay usu) _40_ J )
*sbul9e0d 3PLXO Ul DLILJpudp Joulw [Aeab 4| paw | PLXO Ul T — A. R
/M Ol3Lwoiop ‘suo3lsawly *,S6v-,08Y 1G6Y-,08Y |, 569-,08Y : 71 < w Y m ﬁ 1

- b o
| v b
Keab 21 A v 1 ~
089,599 T i ]
[¥1 >
T 1 <2
vy[ T < 7
-1 2 au -
1 \
T J 3 .
v P
oSy —1¢ N ]
[V 1 )
1 < R
1= ) .
T 1 3
.4 \
[ 1v R 1
172 )
__ 1 . 1 11 1 1 T
uotidraosaqg J0109 tedaull | uadag | uat] 2 d Y

d4€-v6y :°ou 3|0H

A46 Breccia Pipes in Northern Arizona



“saidues oN *,52/-,02/ 3
~Xpues AL3ubL|S uJq aed A/\/
‘OL3LWoLop ‘auolsawl ..oNN-_m:ﬁI_ 021,51/ < B
N —
\A oy : 0
Y Sshun 5
\J sbo S....w
../» C'»
P S..nv
< Q.- 2z
7 m. m
< 24
: : e g o .
s9|dwes oN *,GT/-,599 S a
N -
AV\\. .||— -
< < 4
r\/, |
Keub 13| pauw «u -
1699~ ,079 S
*leAJaTUL 4O Off uamo| >
UL S9SP3JD3P JILWOLO( °*SILUN DA0QP S 1
Ul uPyjl IduepUNge SSI| UL 3dadXd e 1
343YD SULPUOD LU °DiPD €SS % 1
% OL3LWO|Op ‘9uU03IsSawL *,599-,519 H .
2
2 1
r 2 T
¢
\ -
ﬁ\ -
L 4
n«/
*sutedb zib suiejuo) Aeuab 3| A «
*o1ed A|3ubLys “bya €SS *,619-,0L6 10¥9-,689 .w
b ]
}
\
) ) ) 1
uoLidLuaosag J0109) lRJUDU LW a 4o
YE-¥61 :°ou 2|04

Lithologic and Geophysical Logs, Mohawk Canyon A47



*sdLyd palrod 91L)PWAY SULPIUOD

VADIT3s

3
o
X
o
jLun *sutedb zab /m Bia dped udg 1] | @1tlewsy (s >
St GS "duolsawl| pue SS *,5/8-,0¥8 1G/8~,0%8 |,5£8~,0¥8 |T oS -
d —
3
"SS[dwes oN -,0¥8-,5€8 1|/ W Iz 2 )
*SS juepunge 3Jow r;‘ uJq upeauprpmsmz—v M
/M \0€L-,G2L se dwes °,GE8-,0€8 | ,9€8-,0€8[,G€8-,068 |5 m -
4 R .
*sa|dwes oN *,0€8-,528 -¢é K -
uJq 3| | @1tjewsy i
*,0€L-,92/ se BweS§ *°,G28-,G18 15¢8-,518 |,9¢8-,518 |@ ]
S 1
d G18-,008 juLd] S .
*sa|dwes oON * - 1 o . 4
' ' -6uJo Uos—gw 00 T e i
-.OMNl_mNN se aweS *,008-,96/ -Ooml.mmN ,008-,66/ m ..... 4
z |
m .
*sajdwes oN *,96/-,S/L 2 : 1
_ﬂ : T
] : _
UJg 1] | 33LIBWSH |5 ; J
*,0€/-,62/ se awes *,6//-,99/ 16444892 |,GLL-,99L |9 L i
o .
& : .
*s9|dwes ON *,G9/-,0G/ > ¢ 1
- 0S.— ...... o
*,0€.-,G2, se swes *,0G/-,0¥. udq a|ed| 31L3euRY |0 : 3 ]
1064-,0v/1,06/-,0¥L |2 i
*9|dwes oN *,0%/-,0€/ > 1
‘paulels 91L1Pwly dde mawcu—; uJdq 9|ed mu_wmso:—m 2
S7 *o|ed ‘bJA €ss ® ST *,0€L-,G2L 0€L-, 9207, 0€L-,92L7Z m ) 1
uot1dLua9sag 40109 fedauty | uadag S Ho

Ye-y6y :°ou I{O0H

A48 Breccia Pipes in Northern Arizona



*** ‘QALSSPW “p33J40S-||°9M pow ¢ Aeub
1] B budo-m| £ 3jed “su031s3|LS *,97101-,¥101

r

‘mwgummu_
EEIN

*,12¥1 - 4101 @ sa|dwes 2402 wody uoLidLdosag

Inlu
1]
K

-
N

0001—]
0G66—
[2] -
o
(o] -
o
4 —
z
3 _
[+ _
>
z —
(=}
(/] ]
-
o .
Z
m "
006—;
.
*sa|dwes oN *,$101-,G/8 N
uoL3dLudsag § Jo|0) ledaully | yadeg |uaL]

o€ B dE-v6v

1*0u 3|O0H

A49

Lithologic and Geophysical Logs, Mohawk Canyon



*MO|2q
JLun /M 9opqu0d dueys *, 1911 @ Buoy . suay
abuedo-m| A ajed pazipixo °,pp1T B ,6€TT ,¥ETT
©,0ETT @ °dsa ‘oeurwe| Ae|d ulul A /M YdLy3

.1 03 dn s|eAdaqulL 3|LsSsLy AaKe|d> |euoLsedd0
fsjojuton Adsim uL os|e 93LJ4Ad f93L4Ad
9ZLS-2|1S /M A{3J417uUd 3sow|e pa||L} SA3|q

B sauojed Aedb paw ‘ae[nb3sdai 03 |edLJayds
padajieds {3noybnodyi 91LaAd pajPULWISSLP

-

Vo vv[\,\-l\—u ~. /\J“\“

I

LR
e el

P LA T

*ee

.
b

9ZLS=9| LS JU3SLSJdd SULPIUO) “PIIUBWDD-| |IM 911444
€a1LssL) AljuLe) 03 aALssew Llasow “Aeuab 3| 6121
‘paonpad “ss by A A 01 3U03SI|LS °,G121-,910T| - ,9101
001 —
X
m
D
z
“ ] B
» _
e -
> 1.
-
m
0G0 1—
*MO|3G 2LUN
/M 10P3U0D dueyS “uO0LIPJRI|R 33LIPWIY JOuLw A
% 94LUOWL| ULPIUOD SUOLIIDS pauydealg °S$S3IdPJU0D
oNpaJ/pLx0 juasaddad § daeys ade sabueyd
JO|0) °pajudWad~|[3AM *°°*°3u0d ,9101-,p101
uoLadLJodsag § 40109 ledauti | uadag

2

I:DL"""\v

2
p-

JE-V6Y

A50 Breccia Pipes in Northern Arizona



01 9bed uo ,TzpT - 1621 40 UOL1dLJDS3Q

*9114Ad /M pa|| L4 SULSA § SqI|q ‘saudied|
Aedb paw paJ3l11edS SULRIUOD $PaIUBWDD-| |aM

‘aALssew ‘snodusbowoy A *pajuos-||9M pow °Aedb 93LJAd

3] “podnpad €ss BJA A 03 2U03ST|LS *,T1621-,1/21

*MO0l2q 3Lun /M 3oequ0d dueuyS *23LJAd /M
Al9JL3ud 1sSowie pa[[Ly SULdA § “sga|q ‘saydied

Aeub pow “denbaddl padalledS °*S$320IUOD 3dNpaJ h muwgzaﬁ

/pLx0 3adJe § dueys aJe s$30P3U0D JO[0) °*(D]LSSLy
-UOU) DALSSPW “pauLP3lS JLUOWL] “pP3IJS-||aM pou
‘Aedb 31 03 Budo ajed A “bya A °SS *,T/21-,0921

1 1621
A

23Luowt
1421
- ,09¢21

“Pa31JOS-||9M FSN0oUSbOWOY “pojuswWad-[ [oM
‘(o|1SSLjuoU) JALSSBW “UJg-paJ pow ‘pazLpLxo
94 ‘ss ByA A 01 BUO0ISI|LS *,0921-,2521

*soyoled uoL3onpaa Aeub 3| “aenbaddl
|PuoLSedD() °*BALSSPW 03 Swe| Ae|D uLul A

/M 3pLssLy Apurew ‘bururels pajliow ‘udg-pad yp
0} UJQg-paJ paw ‘pLX0 a4 ‘du03S3[LS *,2621-,0£21

*[soudjed denboauul ur g (,022104

*9*L) buoy wo § 03 dn -[eoradiyta] siods
uoLionpad Aedb 3| poaJ933eIS SULRIUO) *paJuswWad
-119M “9d|LSSL4 AljuLey 03 dALssew Apurew ‘udqg

-paJ pow ‘pazLpLxo 94 “au03s3|LS *,0£21-,5121

uoL3dLdasag B J010)

LeJau Ly

J2E-v6Y

Lithologic and Geophysical Logs, Mohawk Canyon A51



*buruiels pajllow o s|eAJdIUL (,28ET-,08ET0
aL) swey Aaem A|pLlw /M 3D1UJ 34 |PJDA3S 03 wd
M2) ® S|PAJR3uUL ApUS fS|eJaulw Snbedo jp doeul
‘sutedb eotw %0TF “suiredb zab Ajuiew Sspedgaulw
anbedo p 40 seutwe] urul A $sjods uotridnpad
Aedb 3| fdenbavdl 01 [edLJ4dudS padd3leds
surejuoy *(,TOvI-,¥6ET @ *ds?) padnioedy
€9|LSSL) 03 SALSSsew AjuLew €udg-pad p 031 udq
-paJ pow ‘pazLpLX0 34 “du0lsI|LS °,12¥1-,/EET

*3noubnodyl paJa311eds 33LJAd 9zLS 1|LS B d3LJAd
40 spod j|ews A |euolsed20 ¢,0€€19 Ae|o bul
-L19MS JO S3IBLULDA ULU3l A ¢ ,G°Q Jomo| ut Apues
B Lleys Spjwd-||oM “DALSSEPW ‘Oowoy °plJdS—||oM
pow €Aedb 1) A ‘padnpad “au01sy|LS °,/E€1-,02E1

*ULW anbedo ¥p aoevJl ‘sutedb eoiw %QIF ‘suiredb
z1b A rdewtad T(,GTET-,HTETH dLLSSLY A B A3ke|d

$,G JOMO| uyp aAlssew) swe| AAem /M 9|LSSLy 03
buLppaq aALssew fhurureis po|irjow {pawd K|Juood

07 pjuwd-|{3am AuLew “pJsS-||o2M pow ‘udg-pad Jp 93tJid
01 UJG-P3J pow ‘pLXo 34 ‘du03sILLS °,02€1-,.621 JLEET
*quadedde saprjins|| - ,02€1
ON *A3L1ssty Aaem /m (S2gn3 wdom) psieqsni
-o1q “Aeyb 1| ‘peodnpad “du03SI|LS *,/621-,5621 AR
*3pLXO UK 10 SQ|q JouLlw /M 33LJIAD JO PLOARD B it
9JP SUOL3IDS PLXQ °*93LJAd /M pa||LLs SI2|ULDA [[OPLXO Uy ——
B SQ3{Q ulLeJUOD SuUOL3ods Aeab 1| pednpay JouLw = .
*S$39P1U0D JnpaJ/pLxo ddeys adJe sabueyd 40|03 971444 ooer—{ |
*pIwWd-||9M °3SALSSRW “pIJS-||9M pow ‘budo ojed G621 |
A B Kedb 3| “ss BJA A 03 3U03ISI|LS *,6621-,1621 | - ,1621 |
*MO|2q S3Lun I G
Ll® u3sM1aq $15P7U0D dueyS °*panuLiuved g abed 4=
[4]
uor3drJosag B J0|0) [eJauULW | uideg |u3LT

dE-v6v

A52 Breccia Pipes in Northern Arizona



) :
! H
{ : T
\ :
{ :
z ) : ]
) _~ * h
3 \ oF 0 7
@ { syun : 4
m ,“ sbo |
*3Lun 3noubnoJduy 33LdAd 3zis 1|1Ls uope|ad (2 / M.. y
B “sasud] Ap|D dS(LjLuope|3d uJdb pow ® 931J4Ad 3 v 5% < .
‘uLels ajruowl] Joutw ,091-,0€T @ ‘93tuowt| |5 ) ,o?.m —
Jeaddeas B ,08 031 paJai1ieds suredb Joutw {1 OM S Tiz B
91L3prwauU/21Lul180b fsuredb Bueqns |Hudo ajed A (falLjeway (O > Yo H.MB i
surejuoy *6jA “AaAe)d Ap3ubti)s | 03 Aedb 3| [*91Ly390Y9 & s w_._._ Wmm
‘Aawi| ©(93tusge z3b) SS *,GG1-,02 1021-,62 | ,591-,02 |2 MV Tw = L
Z 0 = <:
o 1< : -
] JI S < : L
A 4 \ :
= so o:L -’ : n_ww 1
> uaut ™ : Z
e / : 221
-] ] \v n” “ -
*931JAd 9z1s-31ts Jouww B fsbeay |H  Aeub 1|]] L N —~ > —
3J9yd fuLels jLuowr] M)A juepunge ,62-,02 [ 33144d n m.w .nq ° — < J
SULPIUOD JLUN BJLJUT *DL3LWO|OP Joutw |4 W2/ ! : ]
® O131J4OLW St ST °*sutedb puaqns “a31uout) |2 o :
01 buegns sutequod {6jA 01 b} Aedb 3| A| juepungy |M 0 K 1
‘oL3twolop sL SS °s| ¥ SS °,02-0 :102-0 102-0 //_/ n 1
A A 'y ' I > A A
uo11diadsag 40109 ledaull | u3dag | uiL mw%aomom:w AvH <s_s_<Mc 0
,8Y6 :0d ,800T :Ql ,SYE€9 :Ad13 ,¥2,00,E€TT :BUOT ,0€,.00,9€ :1307
ZY $92301§ O0ULUO0D0) :£3uN0) 9Z :uOL3IIBS M/ Y NZE 'L
¥8/11/8 :@3eq 2% B ¥b-v6F :°0u 9|0H

sdid uoAued 3MeBUYOW ‘OF pue H¥ 8oy 10} sbBo| |eoysAydoab pue o160|oyli] ——"p Xipuaddy

Lithologic and Geophysical Logs, Mohawk Canyon A53



) :

“J0102 UL AY{LWw aJow ¥ jJuepunge ;
$S3| 3q 01 suaeadde 43ud 0S|y _ mEo~ “
*,GG2 @ 2A0qe ueyl pautesb-aasuaeod -M| L 9|ed = \w :
ALaubLys oq 01 sdeadde auolsawt? ,092-,062 ¢ &~ S :
05— <

<

kN

\ :

e

uope 32 - 5 ! : )
JOU LW N oy j 0

062,491 n\ :

*suoLsn|ouL yaep (ww 911y3a0b ,v
10°0<) Llews A ulejuod 03 SdJeadde /23L3eway “ :
249U 349yd 2u3 30 2wo§ *bururels JOULW .\
311u3a06/9313ewsy Joulw *,502-,002 33LuM | ,502-,002| 0o02 3 :
° 067 & suLbag wnsdAb JouLl °,0.T -anjq 03 S :
9 uLba2q UOLIPZLILWO|OP § UuOL}RZ ML A-Kedsb { s
-L|e1SAU4d3J4 JO SIUOZ JURPUNQY ,062-,091 923 1J44d Y :
*,062 01 sdsud| Ae|d J13LUOpR|ID JOU LY :
udb pow Joutw $33L4Ad 2Z1LS ,G8¢~,661 / :

=1|LS JOULW SULBUOD 3LUM *3J43UD ] _, H
SULRAUOD £D2L3LJDLW SL ST *BjA B i L,
‘oled ‘ss Joutw /M ST *,G8E-, 49T N\ N
i :

/ :

! :

. 4 :

-ML A oed 0S 1—' & f p —

G616 { :

) :

— F' :

= -

Budo ajed A — ps :

yGv1-,081 — « :

1 1) | 1 -ﬂW
uot3drdosaqg 40109 leJaulLl | yideg ) a S

yy-véy

..
.

ou 3|0H

A54 Breccia Pipes in Northern Arizona



*3PULWER| BUOLSI|LS =T v :
JuepUNge fuLelS 9LUOWL| JOULW BuJo e { R
fsuredb a1iyzsob juepunge fwnsdAb -m|£ aled | a1Luowt | ,J_ I P K
Joulw fsBur)|Ly proa uL |eupayna \GL=, 000 JouLw = ’ g
2WOS €311D7|e2 ¢ |PAJD3UL jO 1dJed €371u3306 L =1 bl :
Jaddn uL S|LSSO4 JouLWw SULEIUOY) juepunqy ooV d VH 'l
*A343u> ‘auolsawL] *,0£5-,06€ 10£5-,06€ |, P ;
2 O e
*ulel1S 93LUOWL| juepunge. SULEIUO) SIIUOWL[ (¢ ~
*OL3LWO|Op “3U03SAWLY *,06€-,58E [] quepuNqy [~ Se=s
Budo ajed A Tmm-_mwm—w «” ", i
,00%-,0G€ e > : -
z S 3
> { : ]
Z ) ... -
= / : -
4 S, i .
m 06—/ s : -
s I T 3 ...
? i ]
*,G€€-,0¢€ 9 z P, ; -
SsBuL||L) PLOA Se ©|edpayoquoyd > (% 1
§ |eJpayna ©a3Ld|ed pazL|[|e1SAJd3Y , N > : 9
% a1ranze|z < : -
*.0¢¢ Jou Ly }jm & : ]
-,GT€ @ SLPIX d1LJnze Joutw ©||ews a1LuUM |,02€-,5T¢ | ‘ L :
,0G€-,00€ 2 N ]
m . .
/ : h
€ ¥ € T
0o - £ 1 ¢ [ 7
) .H ]
7 b
( .
fuso ared A } : .
,00€-,092 { -
1 _— 1 —w _ 1 1o 1 i
uoL1dLudsaq 40109 ledau | uidag | uitL] 0 d SH 4o

dy-v6y :°ou 3|0H

Lithologic and Geophysical Logs, Mohawk Canyon A55



T <
A Y .
Budo-Aedb .~ 1
1999-,666 Q : .
P : J
\ .
\ : .
,.
055— ; % i
3 -
S oy N
/\/ J
i : T
i : -
N, :
— 1 .
o : —
—=¢ & 'y : 1
£ : -
1 A
AJ ... -1
“(¢3pL41ns 3q pLnod) ¢ ; -
an|q oL[lel8w YJep SL d1lyiao0b 31LUCUL]| oog 2 B ]
B abuedo-M|£ qubLug sL djLuowL ‘911y31a0b 5
*,06v-,487 @ u0L303s uL IduepUNGE uJq 1| || 2uepunqy \ : )
15910846 UL 31LuOWL| § 33LU1909 165G, G /b [, 067~ ,58Y ¢ : 1
/ : .
~I u. -
> :
1 : B
{ : 1
I'\J .... i
< -
t B h
) :
H ;i ]
oSy {2 (I
< : |
- g
\\\ .u -
\ :
\ : -
i :
I/ ... -
1 Il _ 1 t- ]
uor1druosag 40109 ledauty | uadag da S 4O

dv-v6y :*ou 9|0H

1zona

Northern Ari

ipes in

A56 Breccia P



[
Y
A
(
\
)
{

‘utels ajLuowl| JouLw 00L— ¢ -
£S]P1X |PJpAYQNS M3 B B CSyunyd m ] p o 0 |
le49Ads “suieub (lews se (%€-T1 ¥) 2jLuowL] |6 : 4 :

931J4Ad Ssuredb paiasody ‘puugns Jourw |2 7] _. .
03 buegns suLejuo) °*A3|LS A Aeub 3| ‘9114hd | g I 1 3 b
‘o1ed AlaubLys ‘6ya °SS *,62/-,959 1624-,599 [,G2L-.999 |3 - w : 4
) ] ¢ : -
T \ H
< J V X E
< = y : -
m { .
m - qv m E
et - \ : J
{ :
059 N -
\m_l v ....u 4
el - { : -
o ) :
3 pd 4
P ) ,
n — a\~ —
2 - vy ¢ : 1
z 2 :
> » : 1
2 — < :
o Ial b
m e \\l\v L u. -
—_— { 1 :
009 m‘N Z L -
‘uLP3S @31uUoWL] d1Luowt | B «JJ ’
Joutw $(%7 ¥) sbedy 383Lulsob Joutrw €911uU3906 < : 7
faA0Qe SP 3J3YDd SULRIUO) °*AI|LS JOu Ll ] ¢ : .
‘oL3Lwo|op ‘auolsawtT *,459-,0.9 1699-,049 ] » : 4
AN ] 1t 1
uotdradsag 40109 lesauL | uadag a S 4o

dv-v6y :°0u 3|OH

Lithologic and Geophysical Logs, Mohawk Canyon A57



*sajdwes oN °,1001-,5G8

-
' :
{ :
Buao-m|£ yp o “ :
1G68-,6¢€8 S ! :
O )
< 9 :
*143Yd X \\ m
JouLw fsdLyd 31Luiaob uepunge z < owﬂlllllllwlm
SULRQUOD LU °*o|ed ‘Apues 931y3906 m w .
SL BUO03S1|LS °*2[ed “AalLs “6ia uepunqy - ' :
SL §S °°2uo3si|Ls ® SS *,5498-,008 1968-,008 m { :
[} \ :
m \ .
o “ :
a1tuowt| (3 )
Budo | *931y1906 | r/ :
-M1£ aed| auepunay |9 \ :
s s/ :
*,09/-,G¢/ se sweS °,008-,08. 6€8-,08.| ,008-,08L m w. s
- ‘o
‘uLels ajLuowl| a1tuowty |9 \» ]
® €371Lu2906 €343yd SuLRIUO) €9311U31309 m « :
*Apues €o1ed> €3u03s3|LS *,08/-,09/ 084-,097 |2 A\ 3
2 >
{ P
e b
‘unsd£6 JouLw aqLuow | -t H
€9J3uD fule3ls ajLuowr| B 91Lu3d06 €911u3806 \ L
juepunge f3u03Sawl| JOULW SULBIUO) uJq 1|{ 3uepungy { -
‘ofed n%u_._.m n@%> nmm *,09/-,921 ,084-,92/}.,09(-,92L N | .
i 1 |
uoL3dLuoasaq 10109 LeJauLy a SH 9

dr-vov

t*ou 9|0H

1Zoha

Northern Ari

.

ipes in

A58 Breccia P



*331y3a0b Joulw A ‘BuLppaq paidndsip T3Lun 3Aoqe WOJJ
Bfuol wo G ase|d Je|nbueqns <Aeub 13| paw sureiuol °*Abolo
-y11| S8Jndsqo HupuLelS B31L3PWAY ¥ dILUOWL| IJuepunqe

A *ABBnA ByA *pas pow 03 umodq-m{A pow 01 Sbuedol

-M{A ¥p ‘pazipiLxo A|LAedy ss pajelLddadg *,8001-,5°L00T
*MO|3g 1Lun /M 12e3U00 dueus

oLuebuo depnuedf K1aury “Asse|b *jyoe|q 40 saa|q ww

1 awWoS *3204 3yl J0 %E-1 1noqe sasLJdwod aiLdhd *(a8zLs
uL wn QT>) sutedb opjjelaw |eL3L3S4d3uL pue (uokue) Apedg
agqAew) xiJiew ( Ae|d) snoadeds|eduou e /m SS BJA d1LuM
-ysyurd (g) SS ouLuod0) Aiqeqodd-xrazew ou A||eLIUSSSd
/M ss BJA “@11um Auan (2) <Buoy wo § o3 dn sise|d
auoaspnw bueans <Aedb aAL|0 13| padailieds (1) :apn|oul
sise|g *buo| wd g 03 dn saydied papunougns <A3|Ls ©Keub
paw ulL juepunge °dsa B °s13|uldA Adsim uryl ur 3alLJAd
os|e ¢anoubnodul 31L4Ad BZLS-3[LS PIIPULWISSLP Juepunqe
SULRIUO)  *JUSBWID D2|BOUOU /M pRuwWd-||8aM (D04 Bul

30 %G 01 dn aq Aew sBnA) AB6nA A13ubLis pajdos-||am pow
‘pwe| AdsLm 01 aALssew ‘suredb zjuaenb puuaans ©paisods /m
Bian <Aedb 3| paw €paodnpad ©ss paireLddaug *,G°/00T1-,£001
*M0|3q aLun /M 3oe3U0D dueus

,G*200T @ 2SB|D BUO0ISI|LS pudgns f(pazLpLXO SeM [RAJIIUL
SLUl 340439 °,G°/00T - ,£00T woJy 840D 3yl uL se “a3zpJfd
KL@)L] 9Jam Sa|npou |edLJ4ayds pue syoads 931yiaoh asayl)
,2 Joamo| uL *dsa ‘buo| wd ¢ 01 dn sa|npou Je|nbadul

03 |edLJayds B °S1ajuLdA “sydads se 31Lu1aob jualsisdad
‘paJdaijeds fHururels o931Ljeway Joulw B JjLuowl| Juepunqge
suiejuo) *(a3jiwojop Aigissod) juawsd 21ed A1ubLys A

/M pailuswad-||amM ‘swe| AdSLM p3udl1edsS 01 saLssew K|gsouw
€pajJos-||am pow ‘suredb z3b puuans *psjsody /m 64 <budo
aled A 01 Budo-Aeub “pLxo €ss pajlerddadg *,€001-,100T

*,800T - ,T00T @ Saldwes 8402 woJj uOL3dLJDSA(

*sadwes oy *,1001-,G58

*jerdajewd @

INOLSANVS
ONINODOD

2 uaawaw nvweias ©

(NOILYIWHOd dVIMOHUOL)

(=
(=}
-
|

1

uoL3dLudsag § JOL0) “ABo|euaulLly

uadag

u1Ll

-l

o ® dv-vev

[=)
1

.
. PR TP P Ve,
ceaae . ves .

1°0u 3|OH

Lithologic and Geophysical Logs, Mohawk Canyon A59



AR BX Y T S
N¥is Vo0 .\\ o ! ]
T 7~
=77 ¢ ]
*911u1906 JO S3a|npou ¥ sy29dS |RUOLSPIIO L S
A TS3SUI| 2[LS JouLw A £34Bud Joulw A SAe|d > L/~ 4 1
Jl1LU0pe|3) JO S13|UL3A Adsim JouLw £(a311(03z > ~ \._. 4 )
JO 31LJpAyue) gapmod 110S A e B suLedb » 00l 1_$__ W { -
z3b BuL||L4-PLOA /M SBNA Sulejuo) “wJoypun 2 Z C w\ .
A fanLssew “o13Ludlw ‘A3|Ls “Aedb-m|£ 03 | 911u180Y w _..w_ ~y i
Aedb 1| A ‘ouoisswi|/s3twolop ‘Apues *,pzl-,€/ | ,822-,EL |, s ] i
< 2
o a )
5 3 5 ~
m 4 ¢
3 > o {1
c L > |
@ D\J w .
.62 @ A111S A *Mo|aq 2 p S
JLUn /M 15e3U0D (euoijepedy  *1|LS 3buedo-M|f Z _m 5 FA m ]
aled Jouww § Ae|d> Aedb 3| A /M ABBNA sawodaq 931U m 0S \M W -
JLun ,0p@ °S3|nNpou 1Jaud- juepunge finoybnodul | -ope|a |° <. mEo\a < J 4
BuruLels B siajuLaa Ae|d oL3Luope|ad AAem 0¥2-,52 |® <;
‘ULuy f,G JaMo| uL Sasua| 1|LS abuedo m|A-aed m /IV Q
juepunge sulejuo) “*aAaLssew ‘A1|Ls § Apues > s
“OL3LJOLW “d7Lum 031 Aedp 1| “auoisawl *.€L-,62 - »l// i
z < N
ﬂ b IV 1
- \‘\I.\
m i ~\ ALISN3Q )
Lyl - ,_\ 1
*buises 18s 01 ||LJp Y0y °*a|dwes oN *,G2-0 B n/ | i
A - | | moo.o -l 1 1 °°.°
uoLidrLdoase Jo|o eJau d
as 10) l LW yidaq uitl 19d 0fne AVH VINWVD
0L :Qd ,2T0T :0L ,0¥€9 :Ad|3 ,42,00,ETT :6U07 ,0€,/009€ :3e7
ZY :9331e1S 0ULUO0D0) :A3UN0O) 97 :uU0OL3IDBS ML :°*Y NZE :°1
¥8/82/6 :aieq JG-v6t :°0Uu 3J0)

edid uoAued 3meyopw ‘ng ajoy 103 sboj jesi1sAydoeb pue o16ojoyitl ~--g Xipuaddy

A60 Breccia Pipes in Northern Arizona



*¢ obed uo ,G/2-,062 J0J uotidiadsag

3PLXO uy
‘93tuowt)
¢33L1u3906

*Aedb 2| A f349u) *,062-,0¥2

*3J49Ud $S29|ULdA Ae|D D13LUOpPR|3D JoUulw fureqs
8pLX0 Ul JOUuLw B d3tuowt] juepunqe :Apues “Budo
-M|A ajed €3u03sAe|d> 2|®d palrLIIAIg *,0b2-,822
°S3|npou B sy23ds a311u1s0b pauslIrds 48ud

Joutw A fBuLuLe]S BPLXO UK JOULW A $SID|ULDA Y

K@D DLILUODPE(®D ULUJ JOULW $1UdWID 3|ed
/M antssew ‘AyLs By “Aedb-m|£ ‘SS *,822-,922

“SPLOA UL s|e3x zab g unsdAb /m AbBbna $sqajuLaAl
Ae12 2131uope|ad $sy23ds apLX0 UW DLILJPUSP |
971u1306 Jouw fx(Jiew 3d3Lwo|op/s) Aedb-m£ ulp.
Aedb 21 A “s3se|d 348ud paleLIdAJY *,922-,E1dh"

*,G J3MO| UL pa1eL12234q ISOW *,GT JaMmo|
UL 931LY3306 ‘3u8ud Joulw {S33jULBA AB|D B33LU
-ope|9d juepunge {s)23ads a31u3206 B apLxo uy
Joutw suLequod tun  *A1LLS ‘ALqundd 03 SALSSRW

‘buso-m) £ ajed sL 1sAe|) *aALssew ‘Apues {
Aedb-M|£ st 2531S *(éd212twojop) Quawad o[ ed [}

/M 3u01sAe|D B BU03S2|LS pajeLddadg *,£12-,081

“MO|3Q 3LUN /M S3peJH °PLII3JQ SNOLAQO ON
*3713ewdy Joulw A $331y3d906/37L7PWAU JO SISUD|
Joutw fure3s B s3djuLaa Ae|d> dL3Luopelad

Aaem quepunge $s)oads drqtJpuap g sburieod

9pLX0 UW Joutw {zd2L1{woO[OpP) uUBWID DJ|ED |

/M Lqunad 03 dALSSew “SBnA uL 931yoLp B ‘831Lu

—-Lpoey “9312yed /M ABBNA AjqybLis “A2|Ls “Aeub|p

21 A 03 buuo-m| £ ajed ‘suoisAel) *,081-,891

*SY590dS BpPLX0 U JOULW A  97LU3906 JO S29|ULDA K

Joutw A fsbeday eroosdq Bulyeod *dss “siajuLaa

J1L31LU0pe|3D SsuLeauod tupn *buegns 03 Bue ade f

S3Se|) °XiJjew AwL| UL SUOISBWL| PIZLILWO|Op
‘Apues aAoqe jJo sadatd pajerddaug *,8G1-,v21

‘uope|a)
10£2-,06¢2

0v2-,82¢2

.

apLXo U

] O#N.l wvmﬁ
BN DG MK

44

N

718804

N N

?

™N

\\V\E{

N
44

a 44
q <49

T
|
|

(3INOLS3INIT avalv)

H3GW3W NIVLNNOW v

{\/\ﬁ"\,,/\\

"

,0\

\nsAS”

[

N

y

\
|
\

\n/

\

!

|
|
|I
v

or

POV N 2 et I\,J,\"I\‘.\

N

Nem,

—‘\

~‘\¢"-'~\

N
v

]

-

™
~L

v

uor2dLJosag ® J40(0)

{eJBULY

o
o

J2§-v6¥

Lithologic and Geophysical Logs, Mohawk Canyon A61




v Vv P
<#~\mm S
8288 CWARC /
.mom Nmm =7 1
u< 3 \
1 \
5 <
aar <
:ﬂ.. A.
i ¢
T . 5
os¢e T S FARY
v -~
v /] 5
L5 1
e _.M. <,
«\M.T_N LS
*,LLE-,0%€ WOJJ PIILLIIBUQ 1SOW FLUN  *,[82 lana: €
-,7828 91Lude|BW PI1PULWASSLD Juepungy *SBNAF A r«
UL S|PIX 9112182 SBuULULPIS BPLXO UK JouLw 177 &
£971LUOPR |80 JouLw SuLe3u0) *ABBnA ‘Bd1Lum 03 AL .m
fedb 1] A 01 Aedb 3| st 2tup *(392Lul, 01 03 dng m\\mJ e
S|PAJBIUL UL 2J3UD-%06 02 dn) 1J39ud 3Juepunge /M ..:onm—mu 45%34 ~=
auolsawi|/ajtwo|op ‘Apues paleLddsug °*,//L€-,€82|,6v~,082 0oe— %2 uw
SEARSN VAT %
*9FLUOPP[9D JOULW SULPIUOD {pPd1JOS-||aM pr;uwpmz . S
‘ALqunad “Aeub-aat|o 3| “asuoishe|) °,£82-,082 _BN %N }
*S9OPJJNS JBJJ UO S|eIX 31LD|ed fHururels [pLxo N
UJ B 91L18WRY Joulw fswe| 3{ts Budo-m|£ 3jed| mupxo :z 5
utyl /m xiazew {gotatwojop) o1ed Aedb 1| 03 mwp_MWEm: T P i
11 A ® UL 1J3Ud AeJb 3| pajelddaJg *,082-,0/2]5082570L2 °o da ]
*s1a|uLan Ae|D DL1LUOPR|3D B €3Jaud *sydads
9pLXO Ul JOulw $3314Ad Jd3je suduowopnasd
se dwos ‘d31y3z=06 fajLuowlr| Juepunge SULPIUO)
*anLssew “Aedb 3| A *d3wwolog *,0/2-,062
uoL3dLJddsag ¥ J0j0) ledautly| u3dag uaLl
J§-v6¥

1zona

Northern Ari

ipes in

A62 Breccia Pi



*JaqWa| ULRIUNOW |LSSO4 WOJ4 Umaaoguczonf.
fyqeqoad ade sbed4 °SaJnideJy UO uOWWOD SHI3ds|H
apLX0 U °sa|npou ¥ sydads 911yl1a0b pauslledss
sureqs aituowl] Budo-m|A ajed suLeluod fsquioud
a1Lwolop /m pariLy sbna /m ABBnA f9z1S 81qQqod
01 a1qqad Ajutrew *sbedy /m Aeub 1| 01 Kedb
-M1£ sL jLun *xitJdiew Apues <ABBnA ‘ajed e ulL
sbed) S|/21LWOlOp B 1J49UD JO BLDII3Jg *,2¥SG-,T19

I
T
\Val ¥/

l
¥
A\

*X1lJ3eW UL pues JO0 ublLS 3SJdlLd .mxumamﬁ

apLxo uy Joutw A fBururels ajruowlr| Buso-m|K
ajed Jouww fsainpou B syoads 31Ly3id0b JouLw A
/M ABBna-uou sL 3Lun ‘swe| AAem ‘upul /M XLJiew
Apues “21ed uL Aedb 3| 03 Aeub-m|A s|/911wo0|0p |
® 3Jaud Jo BuLIsSLsuod e1odaJg *,TT1G-,v6Y[:

(NOILVINHOS dV3MOouolL)
© H3IGW3IW HONVH sdaoOom
1

AWEN SN - ~ ="

|
T
77N\

/

L1
l LE
er
|
&
YSAN~S Y

wals pLourdd § spodorudedg - ,1¥S fa:
(podoLudedq) eLhquag - ,€8Y 7
eWSLO0UdS - 6V I

(suorjewdo4 desmodol B qeqiey J0
[LSSO) OL3soubelLp) SLSSeq Stune(noLuad - ,/t¥
(podoyryoeuq projonpodd |[|ews) erjobny - ,6€v
:pajou S| LSS04

|
T
-

]
(/]

T
\."""*‘f\\ Jr\/

*, 26t~ tvvd Sbeuy i

%05 01 dn /M 3SuU3p A SL SuojlsawlL|/83LWo|0( Hy
*,16%9 91LJ4pAyue auL||eIsAu)y:

*,T/y-,0/td d31uope|ad Jouly ‘burulels

8pLX0 UK JouLw A f1noubnodul pauslleds S|LSSO4 ).
fsa|npou B ‘sulaa €syoads Se 831y3a0b juepunqge
A :isupequod 2iun < (@3wwopop ALgLssod)

51e2 SL XLJ1ey °*3J3ud Aedb 1| A 01 Aedbl

11 /M 31Lum 01 Kedb-m|£ €3uolsawl|/d3Lwo|0p
cAKBBNA A SApues paieLddaudg *,v6v-,.LLE

|
L)
A
~d LANEN

™
\

DD»\N \ ¢ 1 ' L

o-_—_-;—-\.‘l'\ /'\\

uoL1dLJddsaQg § J0|0) fedautl | uadag | uil?

2§-v6¥

Lithologic and Geophysical Logs, Mohawk Canyon A63



*91tudedb pajeuiwassip juepunqge sL ,289-,1899
*SI9|ULBA D17LUOPR|3D JOULW A /M BUOIS]|LS

J1ed A|qubL|s ‘pajeuiwe| AAeMm SL xidiel *A66na
dJP S3SP|D 3jPUOQJUR) °3ZLS d|qgad |[jews AjuLew
€9z1s 31qQod> 01 a|qgad wody azis ul Bupbuey
$3SP|D S| B “d3LWO|0P °SS “3Jays 4O BULISLSUOD
‘Aedb-m|£ 01 Budo-mM|A ated “erLddaug *,689-,6/9

AT
>. ¢

~

TN
djLuouL

ruoui |
*311u3309
162/.-,G689
1 cuope|a)

*(@1tJpAyue Jo 331Ul |0BY) Japmod o3 Lum

e /M pa|[Ly SBNA  *940D UL 2Lun yoLJd BpLINS
asow Ajqeqodd *3noubnoduy a314Ad azis-1(Ls

JO S13|ULeA B (uww G-2F) sSga|qg | |lPwWS |PUOLSPIIQ
*sapLyins Aedb paw /M swe| AABM SULBIUOD XLJ1PY

*USWAD | BOUOU /M XLJ1PW pUPS § 1[LS uL ‘Aedb f
1| ‘8U01ISI|LS padnpad § paleLIdaJdg ._mﬂou.m¢m%”

OamWarmL«

Pe 97 1dAd

“(ww Qg-v+) 9z1s a|qgad ||ews aJe [|e § |eA
-JajuL jo doy ¢ uoriuodoud ul ssa| 3dadxs ,6€9
-,609 se sise|) °swe| AABM /M SS D@D SL XLJ1PW
*paijdoddns xiJjew “Aedb-M|£ ‘eLidaug *,6$9-,6E9

“3SE[D 1J9UD € BULULPIUOD 37LWO[0OP/S|

40 Bedy Uy |LSSO4 /M XLJ4lBW *JQK udURY [;
S,POOM j0 Sa|dwexa poon *s$¥23dS DpLXO UK JOULW |

A °XiJdiew ss BjA ‘2|2 “Aedb-m|£ e ul sise|d
33Lwo|op/s| Aeub 3] 03 Aedb 1| A JouLw § °SsS

Keub-m A “149ud Aeub 3| A jO BLII34g *,6£9-,609|]

°S3Se|D> SS Joulw aJe 343yl ® Aedb 3| 03 Aedb
-ustjuld st x1J3ew d1Lwo|op/sy “Apues ALauby(s
au3 1dadxa 6%, L/E 03 JB|LWLS *,609-,2tS

uor3drudsag § 40109

{eJau Ly

uadag

25-v6¥

1Zzona

Northern Ari

.

ipes in

A64 Breccia P



*anoybnodyy padailieds ai1Lahd uaqge
sudJyowopnasd 811yiaob ¢, z€8-,9089 AluLew ©,088
01 ULR1S B S39|ULSA D13LUOPR|3D ULUT :SULRIUOD

qLun -buegns o3 Bue aue s3yse|d ¢sise|d
u0lspnw Jjedcuou “Aedb 3| A pue fsise|d ss
(¢2121twoop) o1ed “Budo-m|A afed {sa|npou 3J3ud
Aedb 1| A suLequod 0S| BLIJ3Jg °*ULRIS S1LUOWL|
budo-Aeab pausiiedss {sydads § “sia|uLsa “sbna
uL @31tyisob g sbna uL 811d51ed> /M ABBNA SL qLupn
*XlJ3ew ss 6JyA d)ed uL “Aedb 3| 01 Aedb 1| A
‘sise|d ajlwojop/s| Apues jo e1ddaJg °, £16-,28/

*INoUbN0JU]Y paJdalleds Sa[npou ¥ sy23ds 21Ly330
‘uteqs budo-m|A ajed doulw Syd1y1 ,v*0 01

dn sasus| pajelddauq Joulw $sBnA uL 311yls06 %
931o1ed /M A3Lsodod oiplow/AB6nA (sadseyuns odedy
butieod 331y130b *dss B e3Luope|ad A[|eUOLSPID0
A ‘22102 /M paunioedy “Apues Apqubi|s
‘o13Luotw “Aeub 31 A ‘auoisawly *,28/-,8b/

“SILWO[OP/3U0ISaWL |

budo-m| £ ajed 03 Buuso ajed A ¥ auoishe}>

93Lum ‘wey AAem “D1ed jo eLOddJg *,8%/-,/[E/
*adiLd syj ojur paddodp auojsiLs

40 Yd0|q sbue| suo juasauday Aew jiup  *9919|ed
/M pauL| sbna f,pc/@ ABBnp  °qLun qnoubnodyil
$%23ds 8pLxo ul °we| A|auLy A 01 dALsSew

‘o1ed ‘budo ajed A “BU0ISILLS *,/[€L-,S2/

“TeAJSIUL JO WOI10q Jeau yoLur

Wy QG¥ SI9Su3| auoisAe|d we| Aaem R A11s040d
JLplow/AB6BNA *sanpou 911u1906 paualleds
{S24nqoeU) U0 UOWWOD SYJads 91Ly3206 B spLXO

up “Ae|d ‘buturels ajluowt| Huso-m|A 3jed JouLw
suLejuo) °,489 ¢ WI1s plouldd paziiiwo|og °*6buoy
uwws 0T 03 dn syeix (wnsdAb 4o) a11upAyue pape|q
/M pauL| 93Ld[ed ade sbnp  “ABBNA €o1qpJoLw
“Aedb 3| ‘pajelddsuq ‘ajLwoloq *,52/-,589

€931L1PWAY
‘@3LuowLn
mﬁmu_mwmg

'

911y3306
‘uope(a)
1€16-,8%L

"(NOILVWHO4 dVIMOHOL) HIGNIN NOANVD Aavug

uo11dLJdasag § Jo|o)

LeJdauLy

uidaqg

249-¥6¥

Lithologic and Geophysical Logs, Mohawk Canyon A65
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