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Phoenix, Arizona 85028
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Thomas O. Johnson, P.E., R.LS.
Flood Control District ofMaricopa County
2801 West Durango Street
Phoenix, AZ 85009-6399

Re: Appraisal Report - Cave Buttes Dam

Dear Mr. Johnson:

.2S)~;J) (·S])
AlME AZ CA 10

Phone 602-992-0758
Fax 602-482-3220
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This report or investigation ofthe potential ofthe Cave Buttes Dam area in Maricopa County
was prepared to evaluate the "Highest and Best Use" of the subject area which was determined to
be sand and gravel mining. Groundwater recharge and recreation are alternative activities which are
compatible with primary and multi-land use scenarios. Five areas on the property were initially
identified in the field and on topographic plans as having the best potential for sand and gravel
resources; these areas are as follows:

•

•

•

AREA

A

B

C North

C South

D

The area lying between the older Cave Creek dam and the newer Cave Buttes
dam.

The area encompassing the Apache Wash drainage.

The area adjacent to the northern boundary of the property and south ofthe
Wheeler sand and gravel quarry, extending midway to the Cave Creek dam.

The area north ofthe Cave Creek dam.

The area midway between the Cave Creek dam and the entrance gate on
Jomaxroad.

•

•

•

The results indicate that significant resources of sand and gravel of commercial quality are
located north of the Cave Creekdam.

Area C South contains the greatest thickness and the largest tonnage of sand and gravel; it
also contains significant resources of silt and clay for landfill capping. This area has other uses and
would be hidden from the public view. Area C North appears to have the best quality material
consisting of coarser, cleaner gravels with less fine sands and silts. The estimated resource in Area
C North is somewhat smaller than Area C South. If an average thickness ofcommercial material of
70 feet is assumed with a density ofllO lbs/cu. feet, about 14.0 million tons ofsand and gravel could
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be present in Area C North adjacent to the quarry operation ofWheeler Construction. Area C South
may contain 18.7 million tons using a thickness of 100 feet for a total of about 32.7 million tons for
C North and C South. In the area between the dams (Area A) gravels are present but are generally
poorly sorted and have a high plasticity index. Assuming an average thickness of 55 feet and a similar
density, Area A .may contain.approximately 4.0 million tons ofsand and gravel. The decision to mine
in C South versus C North would depend on the demand for the soil cover material in C South and
the fact that a quarry in C North is more visible. C North has the advantage in that wash gravel is
exposed at the surface; C South has the advantage ofthicker gravels which continue below 100 feet.

Six 100 foot deep percussion drill holes, have recently been completed using a Becker drill
with an approximate 9 inch a.D. bit. Gravel depths offrom 55 feet to over 100 feet were intersected.
Trench sampling was naturally limited to investigation ofthe near surface environment. A total of
twenty-two (22) back hoe pits were dug in the five areas up to a maximum depth of about 16 feet and
the alluvial materials were described and sampled. The samples were sent to Law Engineering and
Environmental Services for analysis. The analytical data is incorporated into the individual trench
logs which are also included in the Addenda section ofthis report.

Area A contains a fairly small resource and the product would probably need to be washed
because ofthe high plasticity index. Area B contains only a narrow shallow channel ofwashed sand
and gravel material. Area D contains only minimal commercially acceptable material and the area
warrants no further investigation due to its high visibility.

Based on data from the Arizona State Land Department, current royalty rates in this area vary
from $0.60 to $1.65 per ton. The Flood Control District could realize an annual income for over 30
years of $800,000 per year based on an $0.80/ton royalty rate and an annual production rate of
1,000,000 tons.

Alternative uses which are not addressed in detail but could be considered include ground
water recharge, a landfill, a recreational lake area, a golfcourse, a balloon park or a desert preserve.
Some ofthese potential uses, such as ground water recharge and recreational lake facilities, could be
developed after quarrying. The other uses, such as landfill or a golf course, can co-exist with the
quarrying operation. This should be a multi use area due to the diversity of the resources on the
property.

Alan Wright, geologist, provided valuable assistance in preparing this report and sampling the
various areas. Thank you for the opportunity to work on this assignment and I will be happy to assist
on any additional aspects ofthe continuing investigation.

Sincerely,

!L~/L
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INTRODUCTION

This work was completed by Ross Consulting for the Flood Control District ofMaricopa

County. The purpose of the report is to address the "Highest and Best Use" of the Cave Buttes

Dam property located approximately 19 miles north ofdowntown Phoenix, Arizona. Emphasis

was placed on data gathering and documentation ofthe possible sand and gravel (aggregate)

potential. Additional uses such as ground water recharge, landfill and recreation were considered.

1
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PROPERTY LOCATION AND DESCRIPTION

The subject property is located in Maricopa County, Arizona (Figure 1) and is on the

north periphery ofthe Phoenix metropolitan area. The community of Cave Creek lies 8 miles

northeast and Interstate highway 17 is 4 miles west. The Central Arizona Project aqueduct lies

immediately southwest of the property line. The Union Hills mountains traverse the southwest

part ofthe Cave Buttes area with elevations up to 2383 feet. The valley floor at the older Cave

Creek dam is at approximately 1600 feet above sea level.

Two dams are located on the property and can be accessedprincipally by turning west on

Jomax road from Cave Creek road via a locked gate. The dams have been constructed across

Cave Creek wash which is a zone offlooding during periods ofheavy rain (Figure 2).

The property is located more specifically in the south half ofT5N, R3E (all of section 34

and parts of sections 21, 26-29,33 and 35) and the north halfofT4N, R3E (parts of sections 1-4,

9-11, 15 and 16) ofthe Gila and Salt River Base and Meridian. Except for small extensions, the

area is generally encompassed within the square formed by Pinnacle Peak Road and Dixileta

Drive, 34th Street and 10th Street if these streets were continuous thoroughfares. The subject

covers an area estimated at approximately 3000 acres. It is generally located in the floodplain of

the Cave Creek wash.

2
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PROPERTY GEOLOGY

Approximately 75% ofthe surface ofthe subject property is covered by alluvial and

colluvial materials of Quaternary age derived mainly from the higher ground to the northeast with

some contribution locally from erosion of the Union Hills. The exposed bedrock consists of

Precambrian granite and metaigneous greenschists making up 24% ofthe surface. Less than 1%

of exposure is tuffaceous agglomerate which is probably Tertiary in age but could be Quaternary.

• A. Gravels

•

•

•

•

•

•

The major gravel or aggregate units are the wash gravels, desert bench gravels, red clay

gravels, and granite sands. Silts and clays are also present as overburden and as layers or strata

in the gravel units. The youngest rocks on the property are Quaternary in age and consist of

poorly consolidated to unconsolidated alluvial deposits ofcontinentaL fluvial origin ranging from

coarse conglomerates to fine clays (Table 1). Principle rock components within these deposits

are basalt (often amygdaloidal), silicified volcanics, metasediments and metaigneous rocks

(principally greenstones). The deposition offine clay and silt materials has been facilitated by the

presence of the dam structures. A pit dug north ofthe Cave Creek dam (CB.C-13) was located at

the base of a channel cut in fine sediments and the total section of silty-clay is on the order of25

feet (Figure 2).

The "wash gravels" are particularly well developed in Cave Creek wash which occupies a

zone 1,400 to 2,200 feet wide where it crosses the property.

In the east, particularly those areas within section 2, T4N, R3E and section 35, T5N, R3E,

5
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medium to coarse, felspar/quartz or "granitic sands", derived from subcropping granitic basement,

are widespread. In some ofthe washes these deposits can reach 3 feet in thickness and 25-30 feet

in width. The very recent deposits are mostly developed in anastomosing channels with overbank:

deposits of silt in places which have been cut into an older, colluvial pediment surface (desert

gravels) composed of poorly sorted sediments with rudimentary soil development and strong

calcification (caliche).

In many ofthe trenches which were cut to evaluate the sand and gravel resources a

conglomerate with reddish brown, plastic clay was commonly encountered, sometimes under 5-10

feet ofclean gravel. This red clay with boulders or "red clay gravel" was particularly well

represented in the area between the two dams where it was often present at less than 5 feet below

the surface. The washed gravels between the two dams, which may have existed originally, could

well have been mined out in the past. The Anny Corps ofEngineers report states that, in the

interval between their original site investigation and the construction of the dam, large quantities

ofmaterial had been removed by commercial producers of sand and gravel. 1 In this area too, a

very high proportion of large, extremely well rounded, boulders was noted in the trenches. In

some.ofthe trenches north ofCave Creek dam a distinctive dark, plastic clay was exposed in the

profile.

1US Army Corps ofEngineers, Los Angeles Division, 1981 - Cave Buttes Dam, Gila River Basin,
New River and Phoenix City Streams, Arizona, Embankment Criteria and Performance Report, P6.

6
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TABLE 1
CAVE BUTTES DAM PROJECT

UNIFIED SOIL CLASSIFICATION SYSTEM

GW Well graded gravels, gravel/sand mixtures, little or no fines
'GP . Poorly graded gravels, gravel-sand mixtures, little or no fines
GM Silty gravels, gravel-sand-silt mixtures
GC Clayey gravels, graveI7sand-c1ay mixtures
SW Well graded sands, gravelly sands, little or no fines
SP Poorly graded sands, gravelly sands, little or no fines
SM Silty sands, sand-silt mixtures
SC Clayey sands, sand-clay mixtures
ML Inorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays, lean clays
OL Organic silts and organic silty clays of low plasticity
MH Inorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts
CH Inorganic clays of high plasticity, fat clays
OH Organic clays of medium to high plasticity, organic silts
Pt Peat and other highly organiic soils

After U.S. Army Engineer WatelWays Experiment Station (1960), "The Unified Soil Classification System." Technical Memorandum

No. 3-357, Appendix A, Characteristics of Soil Groups Pertaining to Embankments and Foundations, 1953, and Appendix B,

Characteristics of Soil groups Pertaining to Roads and Airfields, 1957; and A.K. Howard (1977), " Laboratory Classification of Soils

- Unified Soil Classification System," Earth Science Training Manual No.4, U.S. Bureau of Reclamation, Denver, 56 pp.

8
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B. Tertiary Rocks

During the planning stage for the newer, Cave Buttes dam the Army Corps ofEngineers

examined a site approximately 7000 feet south of the current structure which was the original

preferred location. Foundation studies and drilling discovered the presence of tuffaceous

agglomerate under approximately 30 feet of recent alluvium consisting of layers ofgravel and

large nested boulders. The agglomerates extend to over 200 feet above the crystalline basement.2

The rocks are probably a preserved remnant ofTertiary volcanic activity. A similar suite ofrocks

was mapped on the west side of Cave Creek in a small occurrence immediately south ofthe Cave

Creek dam. Other occurrences are no doubt present elsewhere under the Quaternary cover.

c. PreCambrian Rocks

The majority ofthe basement complex rocks exposed on the property consist of'

metaigneous rocks (greenschists) which were probably originally basic volcanics and, in places,

resemble pillow lavas. The greenschists are strongly foliated, strike north northeast for the most

part and dip steeply to the east southeast on the east side of the creek and west northwest on the

west side. In some places boudined quartz zones were observed which may have been chert

horizons within basic tuffaceous horizons.

On the west side ofthe property in the northwest 1/4 of section 4 occurs a light brown to

pink, medium·to coarse grained granite. Much ofthe contact zone between this intrusive and the

greenschist is covered by the older alluvium. The Precambrian rocks are cut by faults and

fractures trending principally northwest (sub-parallel to the Union Hills range) but also north

2USArmy Corps ojEngineers, Los Angeles Division, 1981, Op. Cit. P3.

9
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northwest.

Hydrothermal alteration is evident in the frequent, generally narrow, quartz veins which

are often ferruginous and occasionally display secondary copper minerals. There are a number of

old prospect pits and adits on the property, particularly west ofthe creek and the dam structures.

These were not sampled or examined in detail during the investigation. They were probably dug

for the purpose ofgold prospecting.

D. Resources

The potential resources which have been recognized on the property are borrow (soils and

silts), sand and gravel, gold mineralization, copper mineralization and water. The borrow and

sand and gravel resources are addressed in detail following a program oftrenching and drilling,

the results ofwhich are presented in the addenda. No physical work was carried out to evaluate

the gold and copper potential or the water resources ofthe area.

10
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WATER

The climate of the area is classified as desert southwest receiving on average about 8

inches of rainfall per year. June and July are the hottest months with average maximum

temperatures of 106.4 degrees F. Most ofthe precipitation occurs in the winter, frequently as

severe thunderstorms: The Cave Creek dam is a interesting concrete structure, now listed on the

National Register ofHistoric Structures, built in 1921. The Cave Buttes dam is an earthen

structure dam and was completed in 1987 to alleviate the problem offlooding in the metropolitan

area as a result ofthe thunderstorm activity. Cave Buttes dam is 2275 feet wide, 20 feet wide at

the top and 109 feet vertically above the elevation ofthe original wash. Cave Creek dam

reservoir was completely full in 1978 and 1993 after particularly heavy rainfalls.

In Cave Creek and Cave Creek wash a perched water table at surface is evidenced by

stock tanks which remain full year round and by standing water in channels north ofthe old dam

and in the old gravel pits south ofthe new dam. Moist ground was noted in many ofthe trenches

and some seepage was reported by Flood Control employees near the intake works ofthe Cave

Buttes dam. These observations relate to perched water probably resulting from the unusually

wet winter of 1997/1998. Recent drilling to a depth of 100 feet did not encounter the water table

which appears to be at an elevation ofbetween 1200 feet to 1250 feet.3 This would put the depth

to the water table at 370 feet to 420 feet below the ground surface. The nearest well shows a

3Hammett, B.A. & Herther, RL.,1995 -Maps ShOWing Ground Water Conditions in the Phoenix
Active Management Area Maricopa, Pinal and Yavapai Counties -1992, Department ofWater Resources
Hydrologic Map Series Report Number 27.

11
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measured depth to water of212 feet. It is located on the boundary between the Union Hills and

valley fill to the southwest which probably coincides with a fault zone. Groundwater flow is

generally to the southeast. Other wells in the area show water table depths of267 feet and 393

feet.

12
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BORROW, SAND AND GRAVEL

A. Current Mining Activities and Historic Production

On the northern boundary of the property is an active sand and gravel quarry operated by

Wheeler Construction. The Wheeler quarry is on state property and is subject to royalty

payments to the state ofArizona.

This Wheeler quarry, situated near the Cave Buttes property, was an indicator of the

likelihood ofa similar deposit nearby. The pit was visited on May 11, 1998 and, at that time,

problems were being encountered maintaining acceptable specifications on the aggregate caused

by material at depth which contained too much red clay resulting in a high plasticity index.

Additional problems which were being addressed involved inclusion of silt material which is up to

4 feet in thickness in places and overlies the sand and gravel in a part ofthe quarry.

South ofthe Cave Buttes dam is an extensive area shown on the topographic maps where

sand and gravel were formerly mined.4 The area occurs in the northwest 1/4 of the northwest 1/4

of section 10 and the northeast 1/4 and southeast 1/4 of section 9, all in T4N, R3E.

Approximately 90 to 100 acres are disturbed ofwhich about 46 acres are shown as old pits

containing water. A power line runs through the center ofthe disturbed zone to the south and

part ofthis area has been used as a landfill.

Two small gravel pits are shown near the middle ofthe area between the two dams. These

pits existed when the first edition ofthe U.S.G.S. map was made in 1964 and mining here was

4u.s. Geological Survey -1964 (revised 1981) Union Hills Quadrangle, Arizona -Maricopa
Co.-7.5 Minute Series.

13



•

•

•

•

•

•

•

•

•

•

•

apparently very limited in extent. The resource areas are upstream ofthe spillway of the Cave

Buttes dam and the dam outlet can be used to control flow and prevent head cutting. The Area A

zone is in an ideal situation for mining but little may be left of the original "wash gravel"

aggregate resources.

Silt and soil material is present in abundance, especially immediately north of the old dam,

and is currently finding a use at the county landfill at Skunk Creek.

B. Trench Samplina Proaram

The property was initially divided in 5 areas where the potential for developing resources

of suitable aggregate was assumed to be good and these areas were prioritized and sampled using

a backhoe supplied by Flood Control to dig trenches (plate 1) at twenty two (22) sites (Figure 2).

The areas were designated Area A, Area B, Area C and Area D. Area C was subsequently

subdivided into C North and C South. A description ofthe trenches is included as Table 2.

A prime target was the area south of the active mining operation ofWheeler Construction

immediately north of the northern boundary ofthe subject property - Area C North. In this area

eight trenches were dug and the subsurface alluvial and colluvial materials sampled. A total of

twenty nine samples ofapproximately twenty five pounds each on average were collected.

Trench depths were on the order of 13.,.15 feet deep (near the limit of reach for the machine).

Twenty-seven ofthe samples collected (normally three to four per trench) were sent for analysis

to Law Engineering and Environmental Services Inc. Analytical data has been received for sieve

passing sizes and plasticity index on all ofthe samples together with durability and reactivity tests

on selected, composited samples.

14
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Preliminary results have confinned this area to be the most promising as far as quality of

product is concerned.

Another prime target was the Area C South where six trenches were dug and fifteen

samples collected for similar analytical work. At-these sites, depths of 16 feet were achieved in

two locations and 17 feet in another. This area showed good gravel intervals overlain by up to 25

feet of fine clayey silts. This area contained the greatest quantity ofaggregate.

Of third priority was the area between the two dams, Area A, where five trenches were

dug.in a zone ofapproximately 800 feet by 2200 feet. Eighteen samples were collected and sent

for analysis as above. There was a noticeable lack ofwell washed aggregate material or "wash

gravel" in this area. This may have been stripped by previous operators as noted above. Most of

the trenches contained the red clay gravel, in places virtually from surface in the excavations. The

analytical data show high plasticity indices ofup to fifty-seven (sample CB.A-3/l) for this

horizon. On the east side ofthe valley, trench CB.A-l showed strong development of caliche

close to the surface in the desert bench soils.

Offourth priority was the area on the east side of the property, Area D, approximately one

mile west of Cave Creek road. Five samples were collected from two trenches and sent for

analysis as above. This area is quite visible from the highway which may preclude mining

activities in the future. It does contain limited resources ofa granitic, sandy gravel which may be

of commercial value. For the most part the area is underlain by desert bench soils.

In Area B (Apache Wash) one trench was dug and four samples taken. The area would be

ideal for mining activities since it is remote and relatively hidden from the public view. However,

there does not appear to be any extensive deposits ofgood quality, recently deposited, clean

15
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aggregate material. The best materials are restricted to a narrow channel less than 50 feet wide

and probably of shallow depth.

No work was carried out in the area south of Cave Buttes dam because ofthe power line,

right ofway and the existing landfill. There could be resources remaining here but the obstacles

to production make this area an unlikely candidate for development.

The location coordinates and sampling data, photographic record and field classification of

the alluvial materials are shown in Table 3 and the trench logs are attached. Table 1 shows the

Unified Soil Classification System used in the description ofthe stratigraphy.

16
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TABLE 2
CAVE BUTTES DAM

TRENCH DESCRIPTION

Trench # Area Description

CB.C-1 C(north) Trench in Olaer Alluvium - abandoned at 6 feet. Red/brown clayey gravel with boulders and cobbles
overlying sandy gravel. Strongly cemented with caliche at bottom. No samples. Tertiary volcanics,
vesicular basalts and some quartz vein talus on surface.

CB.C-2 C(north) Trench dug 15 feet deep approximately 300 feet from CB.C-1. Fine brown, calcareous silt at surface
followed by clean, good looking gravel (also calcareous). Overbank! terrace deposit of Cave Creek
wash.

CB.C-3 C(north) Trench dug 15 feet in active channel zone. Thin zone of sandy silt at surface with roots. Underlain by
good looking gravel with moderate carbonate. 3 feet of gravel with red/brown clay at the bottom (similar
to Wheeler pit to the north)

CB.C-4 C(north) Trench dug 15 feet in active channel of Cave Creek. Thin silty gravel followed by excellent clean
gravels to bottom.

CB.C-5 C(north) Trench dug in centre of wash to 13 feet. Abandoned because of caVing sands. All coarse sands and
gravels from surface to 12 feet followed by gravel with clay in the last one foot.

CB.C-6 C(north) Trench dug to 14 feet near the north boundary of the property in active channel of Cave Creek wash. All
good clean sandsand gravels but with clay appearing at the bottom (similar to Wheeler pit
approximately half mile to the north)

CB.C-7 C(north) Trench dug to 14 feet. Four feet of clean well washed gravel followed by very coarse (40% boulders)
gravel with clay.

CB.C-11 C(north) Trench completed at 11 feet due to problems with large boulders. Pinkish sandy clay at surface for
approx. 2 feet followed by dirty, coarse gravel with 2-5% boulders and 30% cobbles. Unstratified.

CB.C-8 C(south) Trench dug to 13 feet. Approximately 2.5-3.0 feet of silty sand followed by coarse gravel to 11.5 feet.
final 1.5 feet is boulders with clay unit

CB.C-9 C(south) Trench dug t010 feet in channel zone represented by silty clay with strong vegetation. eight feet of silty
clay followed by 2 feet of boulders with clay. Clay moist.

CB.C-10 C(south) Trench dug to 14 feet in well stratified section with silts, sands and gravels followed by a distinctive grey
clay with boulders layer from 7 to 8 feet deep. This zone underlain by medium to coarse gravel with
minor clay component.

CB.C-12 C(south) Trench dug to 16 feet. Six feet of silt followed by 2 feet of loose, medium - coarse gravel, ·1.5 feet of
sandy silt and 2.0 feet of green/black plastic clay. 4.5 feet of coarse gravels in bottom of section.

CB.C-13 C(south) Trench dug to 17 feet in channel north of Cave Creek dam. Section cut 15.5 feet of clay and silty with
more,sandy zones at base. Top of trench at least 10 feet below average local surface. 2 feet of
grey/black clay then coarse gravel.

CB.C-14 C(south) Trench dug to 16 feet. Ten feet of well stratified silts, sands and gravels followed by 4 feet of silty gravel
with -20% cobbles and, in the bottom, 2 feet of fine/medium sand.

CB.C-15 B Trench dug to 13 feet in Apache Wash area. Site is on Older Alluvium near section corner. Approx. 7
feet of coarse gravels - strong caliche. 5 feet of clay/silt + boulders under. Large boulders, very hard,
machine about maxed out

CB.A-1 A Trench dug to 12 feet in Older Alluvium. Two feet of silt with caliche concretions starting at base
followed by coarse gravels with boulders in places up to 3' in diameter. High carbonate content. Very
hard and cemented at the base progress slow.

CB.A-2 A Trench dug to 15 feet. Good gravel to 4.5 feet with some silt and organic material (roots) near surface.
From 4.5' to bottom is red/brown, sticky clay with boulders (5-10%)

CB.A-3 A Trench dug to 14.5 feet in disturbed zone between dams. one foot of silt underlain by greenstone
?slope wash, talus. Underlain by red/brown clay + cobbles. Cobbles very well rounded.

CB.A-4 A Trench dug to 15 feet. Six feet of coarse gravel, medium sand and silty sand followed by red/brown
clay with boulders.

CB.A-5 Trench dug to 12.5 feet. All in redlbrown clay with boulders. Boulders up to 3 feet in diameter and 50%
of the material. Abandoned.

CB.D-1 D Trench dug to 11.5 feet - problem with caving sands. Top 3 feet is good coarse sand/gravel of granitic
parentage. Followed by sandy clay (damp) grading down quickly into gray, clayey gravel with boulders
which increase in size up to 2 ft.

CB.D-2 D Trench dug to 8 feet only because of boulders and hard cemented material. Starts witjh 2ft of dirty
brown, silty gravel followed by coarse gravel with 5-10% boulders and silty. weak!mod carbonate.

17
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TARI 1= 3
CAVE BUTTES DAM

TRENCH LOCATION, SAMPLES AND SOIL CLASSIFICATION

Trench Area Latitude Longitude Depth Ft Photo #5 Sample #5 "SOIL" TYPE· (see attached classification) • numbers below

refer to accumulated footage of the "soil" type in the trench --
GW GP GM GC SP SC SW ML CH OH

CB.C-1 C(north) 3344.637 11202.230 6 R1; 2 C-1/1,/2 4 2
CB.C-2 C(north) 3344.638 11202.186 15 R1; 3,4,5 C-2/1,/2,/3,/4 10 5
CB.C-3 C(north) 3344.583 11202.158 15 R1; 6,7 C-3/1,/2,/3,/4 10.5 3 1.5
CB.C-4 C(north) 3344.439 11202.168 15 R1; 8,9 C-4/1,/2,/3,/4,/5 2 11 2
CB.C-5 C(north) 3344.154 11202.283 13 R1;9,10 C-5/1 ,/2,/3,/4 4 1 8
CB.C-6 C(north) 3344.765 11201.894 14 R1; 20,21 .C-6/1 ,/2,/3,/4 14
CB.C-7 C(north) 3344.292 11202.120 14 R1; 22,23,24 C-7/1,/2,/3 4 10
CB.C-11 C(north) 3344.171 11202.398 11 R1; 30,31 C-11/1,/2,/3 1 9 1 --

CB.C-8 C(south) 3344.076 11202.525 13 R1; 25,26 C-8/1,/2,/3 8.5 1.5 3
CB.C-9 C(south) 3343.950 11202.873 10 R1; 27,28 2 8
CB.C-10 C(south) 3343.904 11202.450 14 R1; 29 C-1 0/1 ,/2,/3,/4 2 5.5 1 5.5
CB.C-12 C(south) 3343.672 11202.727 16 R1; 32,33,34,35 C-12/1,/2,/3,/4,/5 7 8 1
CB.C-13 C(south) 3343.649 11202.913 17 R2; 2 C-13/1,/2 1 15.75 1.25
CB.C-14 C(south) 3343.778 11202.733 16 R2;3 C-14/1 4 2 10

CB.C-15 B 3344.392 11202.821 13 C-15/1,/2,/3,/4 7 4.5

CB.A-1 A 3343.254 11202.668 12 R2; 13,14 A-1/1,/2,/3 8.25 1.75 2
CB.A-2 A 3343.175 11202.840 15 R2; 11,12 A-2/1,/2,/3,/4 2.5 2 10.5
CB.A-3 A 3343.260 11202.866 14.5 R2; 9,10 A-3/1,/2,/3 10.25 1

CB.A-4 A 3343.444 11202.429 15 R2; 5,6 A-4/1,/2,/3,/4,/5 4.33 9 1.67
CB.A-5 A 3343.421 11202.783 12.5 R2; 15,16 A-5/1,/2,/3 12.5

CB.D-1 D 33.43.466 11201.458 11.5 R2; 17,18 D-1/1,/2,/3 7.5 3 1
CB.D-2 D 3343.884 11201.449 8 R2; 19,20 D-2/1,/2 8

TOTALS 8 90.08 33.25 74.75 1.67 1 13 54.75 9 1.25
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c. Drilling

Six drill hole sites were recommended and the work was carried out by Layne

Environmental Services using a Tubex percussion system (Figure 4). Figure 4 summarizes the

data from the six drill holes according to the detailed logs prepared by LAW Engineering and

Environmental. The holes were sampled and logged by LAW Engineering and Environmental

Services, Inc. All the holes were successfully completed to the required depth of 100 feet.

Gravel intervals reported are as follows: 5

DRILL HOLE GRAVEL INTERVALS GRAVEL AND SAND INTERVALS

•

•

•

•

Details of the drilling program with logs of the holes and sample analytical results will be

presented by LAW Engineering and Environmental Services, Inc. .The detailed drill hole logs from

LAW are in the Addenda section ofthis report.

5Wolle, Bruce and Cook, Patrick, 1998, Law Engineering and Environmental Services, Inc.,
Personal Communication.
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FIGURE 4
CAVii: BUTTES PROJECT

Drill Hole Summaries
Scale 1" =40 feet

•
CBDH-l

Area C(South)
CIJOH-2

Area A
CBDH-3

Area C(North & South)

:~.
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Black silty CLAY
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•

•
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•

•

•
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Data Source: LAW Engineering
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D. Resources Estimation

A very rough estimate of the resources has been made for Areas A, C North & C South.

1. Area A. The area can be approximated by a surface rectangle 800' x 2200'

(Figure 3). A depth of55 feet has been assumed (using recent drill hole information). At 110 Ibs/cu.

foot and using 2.5:1 pit slopes, about 4.0 million tons are estimated. A wash plant would probably

be necessary to treat the gravels because of the clay content and the resulting fairly high plasticity

index. Laboratory results from trench sampling classify the gravels mostly as GW (well graded

gr~vels, graveVsand mixtures, little or no fines). Field classification place most ofthe material in the

GC category (clayey gravels, gravel-sand-clay mixtures).

2. Area C North. The area can be approximated by a quadrilateral with a

surface area of4,300,000 sq.feet. Assuming an average thickness of70 feet, material density of 110

Ibs/cu.foot and 2.5:1 pit slopes, the area contains about 14.0 million tons of material. Most ofthe

material from trenches was classified in the field as GP (poorly graded gravels, gravel-sand mixtures,

little or no fines) and in the laboratory as GP, GW or SP (poorly graded sands, gravelly sands, little

or no fines). A wash plant may be required to treat some of this material.

3. Area C South. This area can be approximated by a quadrilateral with a

surface area of 4,725,000 sq.feet. Using an average thickness ofthe gravel of 100 feet the tonnage

indicated here is about 18.7 million using the same slope and density criteria as for C North. The

material from the trenches was field classified as mainly ML. Laboratory classification reports
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indicate mainly GP and SM (silty sands, sand-silt mixtures) with some GW for this material. Within

Area C South is a thin horizon ofpure clay ofunknown extent, which may have value as raw material

for ceramic purposes.

The quantity of the resources of silt or borrow material have not been separately estimated

but are considerable especially in Area C South. They are the result of deposition in the historic past

following construction ofthe dams. There is, and there will continue to be, a need for this material

both internally (at the landfill) and externally for fill purposes relating to the local construction

activities and landscaping. The thin, interlocated clay horizon may have a variety ofuseful purposes.

Area B. This area contains less than 1.0 million tons which was considered

insignificant for the purposes of this study.

E. Production

1. Supply and Demand. The construction industry is the largest consumer of

aggregate by far nationwide and its use closely reflects the economic health of the United States.

Growth in demand has also been linked directly to population increases and the trends in population

growth have been used to predict future demand.

Population growth in the U.S. as a whole from 1990 to 1997 was approximately 8%; in

California it was the same but in Arizona it grew by 24% to 4,555,000 persons. In addition to

housing one of the principle uses is in highway construction. In November, 1997, the Senate and
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House agreed to extend the Intermodal Service Transportation Efficiency Act (ISTEA) for six

months which allows States to continue construction in 1998 with $9.7 billion in spending authority.

As a result ofthe extension ofthe federal highway funding, many producers across the nation expect

demand for aggregate to remain stable or have moderate growth in 1998. William Toal, chief

economist for the Portland Cement Association and Tom Loy, senior economist for FMI management

consultants both predict a 3% drop in residential construction in 1998 (Rock Products, 1998 - Jan.,

p.l3 and Fe~., p.16). This will however be more than compensated for by increases in highway

spending ofabout 7%. The federal government also expects an increase to show up in 1997 for other

construction related programs particularly the projects of the Army Corps ofEngineers. For 1998

Rock Products6 also predicts that the aggregate demand will experience a continued moderate growth

of about 3%. Demand for aggregate in Arizona was approximately two and'one halftimes the

national average on a per capita basis (9 metric tons per person versus 3.6 nationwide).

Demand in general in the state will probably continue to outstrip the national average and

most of this will be reflected in the statistics for the Phoenix metropolitan area since this is where

virtually 50% ofArizona's population resides.

Demand for aggregate and construction materials generally in the Phoenix metro area is

expected to match the demand for new homes in 1998 which is predicted to decelerate during the

remainder ofthe year to end at slightly less than 1997 but still at more than 30,000 single family units.

At the beginning ofJune, 1998, home construction had not slowed after five years of record growth.

Through April, 1998, home building was 16% ahead ofthe same time period last year and,

in April itself, 27.5% more permits were issued than in the same month last year.

6Rock Products, 1997 - December. P29
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At year end the total new homes built is expected to be slightly less than 1997 which was

31,715 permits (single family homes) and building is predicted to falloff steadily year by year

through 2001. 7
- The current demand for housing is being fueled by the creation of new jobs in the

Phoenix area and by low lending rates for 30 year home loans. Building activity in the vicinity of the

subject property is at a very high level as evidenced by the large number of cement trucks, regular­

and belly dump trucks and support vehicles using Cave Creek road during daylight hours.

In 1985 voters approved a half-cent sales tax to fund right-of-way purchases and construction

of231 miles offreeway loop in Phoenix which was scheduled to be mostly completed by 1995. Some

sections are now not planned for completion until 2005 due to cost overruns and less revenue than

expected.

Over the next five years the various local and state governments are budgeting about $2.2

billion for road construction in metropolitan Phoenix beginning with $640,000.00 in 1998. This

should be followed by successive decreases of29%, 16% and 26% in the next three years and then

a 50% increase in the year 2002.

Construction sand and gravel is the only mineral commodity which is produced in common

in every state. It is a major basic raw material used principally by the construction industry.

Nationwide the sand and gravel sold or used by producers in 1997 was 956 million metric tons which

is a 4.6% increase over the 914 million metric tons in 1996. Production for consumption of

construction sand and gravel in the 4th quarter of 1997 was reported to be highest in California,

'Reagor, Catherine, 1998, The Arizona Republic, Sat. May 30.
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Michigan, Ohio, Texas and Arizona. Their combined total was 33.9010 ofthe U.S. total. 8 In Arizona,

production in 1997 was apparently slightly less, at 41 million tons in 1997, versus 41.9 million tons

in 1996.

The sand and gravel resources on the subject property would be competing principally with

other nearby deposits, particularly the Wheeler Construction Company, Dixileta pit production. This

operation is on state of Arizona land and subject to some conflict between the state and the city of

Phoenix. Apparently, Phoenix wants to maintain the area as a recreation area and charges that

Wheeler is in violation of city zoning ordinances. The suit was resolved in favor ofthe state since

they are not subject to city zoning ordinances. Wheeler now operates the quarry under a 10 year

lease agreement beginning May 30, 1995 on 145 acres whereby the lessee is required to pay $0.60

per ton ofproduct sold together with a land rent of$17,400.00 per year and a 3% administrative fee.

The lessee is required to pay a minimum annual royalty of $45,000.00 (equivalent to 75,000 tons·of

material).

Approximately eleven miles to the northwest, FNF Construction was the successful bidder

on another state sand and gravel auction of320 acres in the New River area. The bid for this lease

was $1.65 per ton, the highest in recent history. In addition the land rental is $12,800 per year with

a 3% administrative fee and a minimum annual royalty of $57,750.00 (equivalent to 35,000 tons of

material).9 This bid is indicative ofthe extreme competition for sand and gravel resources and points

8Us. Geological Survey, 1998, Mineral Industry Surveys, Crushed Stone and Sand and Gravel
in the Fourth Quarter of1997, P 2.

9Montandon, Wendel L., 1997, Marketability Study ofSand, Gravel and Borrow Products from
Three Sites Located Above Dams in North Metropolitan Phoenix Arizona, Private Reportfor Maricopa
Department ofTransportation, Phoenix, Arizona.
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to the obvious high demand which is being experienced for construction materials. Wheeler

Construction was unsuccessful in its bid for this property and has subsequently filed an application

with the state to lease an adjacent 160 acres in the New River area. Two other state leases on smaller

acreages exist in Maricopa County.

According to Montandon the general availability of sand and gravel deposits in the

metropolitan Phoenix area and specifically the north valley can typically meet any forecast increase

in demand in those areas with little difficulty.

2. Product Prices. The price sand and gravel sold or used by producers in the

U.S. in 1997 on average was $4.38 per metric ton ($3.98 per short ton) and was unchanged from

1996. Construction sand and gravel prices are expected to increase marginally compared with the

past several years. The reason for this is the increased transportation costs for materials due to

production being pushed to more rural areas. Acquisition costs will escalate because ofthe increasing

difficulties associated with permitting new operations thereby allowing resource owners with permits

in hand to demand higher prices (USGS, Construction Sand and Gravel Annual Review 1996, page

4). The price ofsand and gravel sold or used by producers in Arizona in 1997 was, on average $4.73

per metric ton ($4.29 per short ton) and was virtually unchanged from 1996 ($4.75 per metric ton

or $4.31 per short ton).10

• 3. Permitting. One ofthe most critical permits required is administered by the

•

•

l0u.s. Geological Survey, 1998, Mineral Industry Surveys, Crushed Stone and Sand and Gravel
in the Fourth Quarter of1997, P 2.
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Army Corps ofEngineers (404) and is needed if activities are to take place within the "ordinary high

water mark" of"navigable waters". Some portion ofthe areas being considered are in this category.

Other permit requirements have not been investigated.

4. Economic Evaluation. Based on royalties at the Wheeler and FNF quarries

of$0.60 per ton and $1.65 per ton respectively, a royalty rate of$0.65 to $0.75 per ton would not

be unreasonable for the study area. No detailed royalty income analysis or economic evaluation was

completed as part of this study.
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HIGHEST AND BEST USE

The "Highest and Best Use" of the property currently identified is as a source of aggregate

and borrow for construction purposes. This activity would have a finite life and alternate uses can be

envisaged both contemporaneously and after mining ceases. Unless required to be backfilled, an

excavation will remain upon completion of mining which might be used as a groundwater recharge

zone and/or recreational lake. The need for recreational facilities in the Phoenix metropolitan area

will increase as the development progresses and golf courses, hot air balloon sites and public lakes

can be considered. These activities are compatible with aggregate mining or quarrying as evidenced

by the multi-use applications in the Salt, Gila and Agua Fria River areas. The increasing need for

solid waste disposal facilities will also need to be considered in the future and Cave Buttes would be

a good location.

With respect to groundwater recharge two important local considerations are applicable.

1. CAP WATER - At present there is little likelihood that additional recharge will be

required since the total capacity ofthe aqueduct is at or approaching total use requirements.

2. EFFLUENT DISPOSAL - There will be an increasing need for recharge of eflluent

because ofgrowth in the metropo1itan area. The tendency, however, is to build the treatment facility

and then engineer the eflluent recharge nearby. Where encountered, poor permeability is addressed

with increasing pond size. Only half of an equivalent credit at the "Water Bank" is applicable to
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treatment plant effluent recharge. At present recharge is being used by most operators to accumulate

credits with the Arizona Water Banking Authority. Currently state and city governments are

conducting recharge activities to allow for flexibility of supply in the future. They will be able to use

the credits to maintain or increase pumpage in areas which otherwise would be restricted because of

water table maintenance regulations. Some private companies carrying out recharge activities are

hoping to realize dollars by selling credits down the road. Without doubt recharge activities are

recognized as an important aspect of future water management planning. 11

11Rascona, Steven 1998, Hydrologist, State ofArizona, Department ofWater Resources,
Personal Communication.
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CONCLUSIONS

The data acquired to date suggests that aggregate material could be mined in Area C North

adjacent to the Dixileta quarry (the Wheeler Construction operation). Area C South is also an

excellent location for aggregate mining where the gravels are thick and the quarry would be in a

relatively non-visible location. This investigation was confined to an examination by means of

trenches ofthe top approximately 15-16 feet ofthe fluvial section together with six Tubex percussion

drill holes to 100 feet.

Recreational activities such as golfcourses, hot air balloon sites, public lakes and groundwater

recharge are compatible with aggregate mining or quarrying. The groundwater recharge will depend

on the permeability analysis done by LAW Engineering and Environmental Services Inc. Law

Engineering is preparing a detailed report on an analysis of drill hole data that will supplement the

drilling information in this report. We have not studied the effect oftwo dams on subsurface flow

ofwater. This multi-use concept is being applied in the Salt and Verde Rivers and in the Indian Bend

Wash and it could be applied in the Cave Buttes dam area.
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ADDENDA
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TRENCH CUT LOGS
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PROJECT - Cave Buttes Dam
Trench #:CB.A-1

Location: 33 43.254 N, 112 02.668 W. Elevation: ft Geologist: IfW Date: 5/20/98

i' 01 C C
0 0 ~.2

:!. "J ;:: o iii %Gravel"CI l'II Sampleu
_ u

Lithology. description iii u Pol. %Clay %Sand and.c :s GIll: .. II:

u:: '= numbers 0'-a Q. .c III Boull\ersl! l'II IIIc! l'II "J.!!C) 0 0 1

-'- ML Silt with poorly developed caliche at base::.-: 7
~.':':

;°0 GP Coarse gravel. Strong carbonate deposited on stones. CB.A-1/1 GW NP 4.05 28.35 67.6
0" ".

·'e', 0

'\~5
~ .,~'"

': ~{;/' :.
GM Gravel with silt. 5% cobbles,~.

iI: '.-

", ."
0'0 GP Coarse gravel with 10-15% boulders. Sizes down to sand, little silt, some CB.A-1/2 SP-SM NP 5.34 56.79 37,87"a,
". ," boulders up to 3ft. Moderate carbonate. ~.:p" ~

10 lr..(. CB.A-1/3 SW-SM NP 6.56 72.19 21.25
..:.....0
cr-'"""
; 0 •

T.O. Very hard, carbonate cement. Progress very slow. ~• ,-I

..

15

..

20

CB_LOG19.XLS
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PROJECT· Cave Buttes Dam
Trench #:CB.A-2

Location: 33 43.175 N, 112 02.840 W. Elevation: ft Geologist: rrw Date: 5/20/98

I J
c c
0 ~.2;:; 0" %Gravel'tl III Sample .. III

i!
_ u

Lithology. description l!~ Pol• %Clay %Sand and.c .1 !E numbers o .-
'S. Do U. ::I .Q III

Boul~rsl! III III
.! J!! .,JJ!!C) (,) (,)

~"(j: GM Gravels and silty sand. Dirty, roots and some organic debris at top.V-y
~~.
~ ..

GP Good clean gravel, 5-10% boulders. CB.A-211 GP NP 1.3 39.4 59.3;..~ ..:.
:0"
Q":~.~

-5
~:

GC Coarse gravel with clay t5%~uI--l>iPi . CB.A-2/2 ~ GP NP 2.85 35.4 61.75~

~
0:=::-
~
~.

10 ~
A
~~ I

~ CB.A-213 W SP-SM NP 4.28 41.47 54.25

~ -
~15 I

CB.A-2/4 'f SW-SC 19 3.75 26.25 70

.
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PROJECT - Cave Buttes Dam
Trench #:CB.A-3

Location: 33 43.260 Nt 112 02.866 W. Elevation: ft Geologist: ftW Date: 5/20/98

J
c c

i' 0 ~.2;::
%Gravel

~ ~ B 0-
Sample

_ 1II

l.l
Lithology - description l!~ Pol. %Clay %Sand andJ:: :c GIl;:

numbers
it '= o .-a Q. ..Q III Bouldersl! 1II IIIGI 1II ..J.i1! f0 C) u 0

ML Silt

~ Talus of PreCambrian greenstones.

~
lEI IJ. '3'/
--=r ./

5 ~-

~ GC Red clay and cobbles - boulders (very well rounded). Moist. No carbonate

~~ 1?~ &OIAI-Atf.fi. CB.A-3/1-, GW 57 3.6 16.65 79.75

Le§ ~

~
10 ~'-
~.m CB.A-3/2 W GW 29 3 27 70

~~
~.

CB.A-3/3, SW-SC 21 4.88 37.87 57.25:::::5F. I;/lf' 5¥.. VI-15

.
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PROJECT - Cave Buttes Dam
Trench #:CB.A-4

Location: 33 43.444 N, 112 02.429 W. Elevation: ft Geologist: /,f1tI Date: 5/18/98

I
ClI c c
0 0 ~ .!2
-' :;:: 0- %Gravel

:5! rl Sample
_ ca

u
Lithology - description ca U P.I. %Clay %Sand and.s:: :c GIll: .. II:

u:: .~ numbers o .-
'So Q. J2 l/)

Boul~ersca ca l/)

~ .. .!! -'.!!(!) (,) (,)

0:' GP Coarse gravel, boulders 5-10% cobbles 40-50% CB.A-4/1 SM NP 5.56 23.41 71.03. :'0'·
"0:.0

. ~'Jl.1/:·'0'-
':.::'.:': I~t-' IMemum gramea sana
.~: '::":: :.~ ~7

5 ~.;~;.~~; GP Gravel. 1% boulders, 30% cobbles CB.A-4/2 SP-SC 16 4.21 32.36 63.43
: .....~;. ~

g GC Clay + boulders. 20% boulders 10-15% cobbles. Red/brown color. silt CB.A-4/3 SP-SC 7 3.85 27.87 68.28

~ and sand component. No carbonate.
q

10 "#- ~

~ CB.A-4/4 GC 23 7.63 22.75 69.62

I£j
I ... .
~

~15 ~,
I'---,. .

-I- ...

?Bedrock. Rotten, crumbly biotite granite. CB.A-4/5 ~ SW-SM 6 7.9 59.1 33....l ...-f
-I ... of

.
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PROJECT - Cave Buttes Dam
Trench #:CB.A-5 .A

Location: 33 43.421 N, 112 02.783 W. Elevation: ft Geologist: /-1JV Date: 5/20/98

I
l:ll C C
0 0 ~.2
...I :o:l o'l;j %Gravel'tl III
U

_ u
Lithology - description

Sample ~.g Pol. %Clay %Sand and.J::. :c .91 !E numbers o .-a Q- Uo (II ,Q (II BOUldfrs
.! I!! (II III (II

III ...I.!!!Cl (3 0

~ GC Very coarse red clay with boulders. Boulders (50-60%) up to 3ft., well CB.A-5/1 GP 6 2.03 15.07 82.9~

~ rounded. No carbonate.

i~:
~. ~

5 I~'
~

~

~
,~

~ CB.A-5/2 W GP-GC 43 2.43 13.32 84,25

10 1"1}~ .
I~-

~
. ,

T.O. Problems with large boulders. CB.A-5/3..,. GP-GC 45 2.39 12.01 85.6.. \17

:-11-/ 61/

15

.

20
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PROJECT· Cave Buttes Dam
Trench #: CB.C-1

Location: 33 44.637 N, 112 02.230 W. Elevation: ft Geologist: flN Date: 5/14/98,

f
Cl I:: I::

0 ~.20 ;:: %Gravel.,J
" III

o1ije. u _ u
Lithology· description

Sample ~.g Pol• %Clay %Sand and.:: :c .!! !E numbers o .-a c- IA. fII .Q fII
Boul~ersl! fII CG fIIQI .l! .,J.l! IQ C) (,) (,)

~ GM Red/brown clay with boulders (2-5% and< 18"). 30-40% cobbles CB.C-1/1

~ Caliche cement from 44" to 60".

~
.~ ,

5 ·0···· GC Red/brown sandy gravel.Caliche cement from 44" to 60" CB.C-1I2
6° ~:"'v

10

-
15

20
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PROJECT - Cave Buttes Dam
Trench #: CB.C-2

Location: 33 44.638 N, 112 02.186 W. Elevation: ft Geologist: ItW Date: 5/14/98

I
CI c c

.3
0 ~ .2:;:; 0" %Gravel

" III Sample .. ftl
U _ u

Lithology - description l!!~ Pol. %Clay %Sand and.c :c IIU::
numbers

Li: '=
o .-a a. .tl III

Boul~rs

l! l!! III j'; 1
~ (j (>

I:.::. :: ML Fine brown silty sand. Moderate carbonate. CB.C-211 ML 3 57.8 41.2 1
I: : : :
I;¢:-
....
r.-:--::-:..

5 f: :':' .... ~

"0· '. GP Poorly graded gravel w. 5-10% boulders, 30-40% cobbles. Weak CB.C-2/2 SW-SM NP 5.52 27.25 67.23" 6.
O' carbonate. Narrow "pea" gravel zones up to 1 foot thick.'. ~'.

o 0'-0
~

'~b2J, , CB.C-2/3 ~W-G NP 2.07 17.48 80.45
:' 0
o' ."

10
~q.
':0
~oQ.

~

'0 CB.C-2/4 GW NP 2.47 21.11 76.42
iJ , .
-.' .\.

'0. 0

15 'c" :' , Bottom of trench 15 feet ' ~17

.

20
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PROJECT - Cave Buttes Dam
Trench #: CB.C-3

Location: 33 44.583 N, 112 02.158 W. Elevation: ft Geologist: trV\/ Date: 5/14/98

I
CJl c c
0 0 ~.g.... :;:: 0- OfoGravel"0 III Sample

_ III

U
_ u

Lithology· description l!~ P.I. OfoClay OfoSand and.s:. :c CIIU::
numbersu:: .~ o .-a Co .a 1Il

boul~rs

c! l! III 1IlIII .... .!! 1Cl (3 0

~ ML Sandy silt. CB.C-3/1 GP NP 3.3 88.7 8
~

·0.• ··
GP Gravel with 10-12% boulders, 40% cobbles. Weak carbonate CB.C-3/2 SP NP 1.76 24.21 74.03_. CJO

.' .
'/) 0',

5
..cs.,
, .',t)

'. -.
• 4· it'
0.0. " CB.C-3/3 GW NP 1.42 23.57 75.01
:CS,~
'c:J '"
-,0,

10 Q:
, 0-
c . "
• '9 ".

~','';. :(1.'

~ GC Poorly sorted gravel with red/brown clay. 2% boulders CB.C-3/4 GC 16 4.41 39.69 55.9
~g
~

15 !~ ~

20
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PROJECT - Cave Buttes Dam
Trench #:CB.C-4

Location: 33 44.439 N, 112 02.168 W. Elevation: ft Geologist: ItW Date: 5/14/98

i' CD c
~.§0 0

~
..J 0:= 's'5 %Gravel

" ca Sampleu
_ u

:c Qle Lithology· description l!e Pol. %Clay %Sand andJ: u:: 'iii numbers o .-a CI. .c III Bouldfrsl! III ca IIIl! ca ..J..!!C' (j u- " ML Fine brown silt CB.C-4/1 SM NP 32.9 64.1 3-.
~

',0", GP Poorly graded gravel with 3-5% boulders, 50% cobbles, 45% sand. CB.C-4/2 GP NP 0.78 16.24 82.98

2Y', moderate carbonate., '0. "
5 ' '0

(I "

','0 ~

~'O,' CB.C-4/3 GP NP 0.92 21.62 77.46
0'". ,

"

.c?~

'0..
10 '0: ~'.

,
:- :t.~:~ GW "Pea" gravel. Weak carbonate. Damp. CB.C-4/4 GW NP 2.4 38.6 59;, ..
'~";"~{
S,~:, GP Coarse gravel with 1-2% boulders, 50% cobbles.
(;J "~,

~(fj. '

CB.C-4/5 ~ GW NP 1.07 17.85 81.0815 . ,.,

20

CB_LOG04,XLS



• • • • • • • • • • •

PROJECT - Cave Buttes Dam
Trench #:CB.C-5

Location: 33 44.154 N, 112 02.283 W. Elevation: ft Geologist: 1M Date: 5/14/98

Cl c c
i" 0 ~.20 :0::= %Gravel
~

..J 0-
:E ~ Sample

_ III

u
Lithology - description ~~ Pol• %Clay %Sand and&. :c .!! !E numbers 0'-a a- u. :g J:l Ul Boul~ers

CII ~ III UlIII ..J.!!! 1Q C) (3 0

G GP Very coarse gravel with 10% large boulders, 40% cobbles. Weak CB.C-5/1 SP NP 0.75 27.75 71.5
nO carbonate. Damp at 2 feet.
ob
0

0(1 ~7
· . "

5 : ", SW Coarse sand with some gravel lenses (to 5% of interval). Moderate CB.C-5/2 SP NP 2.2 65.8 32

~ ~~.~. carbonate. Good material.
",' :. ':.:

~.~: '.: ~:
~~

,,~~iII••
· .: .', CB.C-5/3 GP NP 2.4 47.6 50·~ ~ '-"

10
',': )

c;~..;:.~
.~ :: ':..:
:.' ;:.~. :': .~~

~ GC Coarse gravel with red clay. Trench stopped - caving sands. CB.C-5/4 ~17 GP NP 2.3 41.7 56

15

20
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PROJECT· Cave Buttes Dam
Trench #:CB.C-6

Location: 33 44.765N, 112 01.894 W. Elevation: ft Geologist: ftW IDate: 5/15/98

~
~

aa

8' .~
...I 1;

~ ~ ~ I Lithology - description
Cl. 1I.1Il
III III
.. III
C) 0

Sample
numbers

c

~~
E.g
o .-

.Q CIl
III CIl
...I..!!!o

P.I.
%Gravel

%Clay I%SandI and
Boul~ers

1

: .cr~'IGP IVery coarse gravel with 50% boulders, 30% cobbles. ?Recent deposition

10.6 .,

.~~,~'.
:~,:,O','

II 'I":~':~~'\ I IGravel and sand with 5% cobbles
5

BC.C-6/1

w
BC.C-6/2

GP

SP

NP

NP

0.28 1 8.32 1 91.4

1.05 148.351 50.6

II I~ '~'l~~'

II 1·'-0: "

II I~: :', ,
\;

NP 1 2.4 1 39.6 I 58

________________________ NPI0.95125.551 73.5

BC.C-6/4 WI GP
1-2% Clay starting to occur at the base of the trench = BC.C-6/4 (-1 ft) I V

Coarse gravel with100/0 boulders 40% cobbles. Weak-Mod. carbonate on 18CC-6/3 I I sw
I II I I I I II

stone surfaces. Some very large boulders up to 2 and 3 feet diameter.

15 ~

, '0

Do :r{i;,
0' .u
"0'

I u'
(;Q"'~I' .-

II 6. :"

20

CB_LOG06.xLS



• • • • • • • • • • •

PROJECT - Cave Buttes Dam
Trench #:CB.C-7

5 . til:;=IGC IVery coarse gravel with up to 40% boulders, 10-20% cobbles, 5% clay

~

Location: 33 44.292 N, 112 02.120 W. Elevation:

D. '

E3
..,o~: •. IGW
.0 ..
.' ; 0.• : .
, , ' 'f

.0:;

CB.C-7/2 82

liN. IDate: 5/15/98

,
c

~.2
%Gravelo'lij

~J:! Pol. %Clay %Sand ando .-.c (II
Boul~ersIII (II

..IS 1
0

SP NP 2.25 54.45 43.3

to

Sample
numbers

CB.C-7/1

Geologist:ft

Lithology· description

Gravel + 10% cobbles. Clean and well washed.

c
o

:;::l

" III_ U
GIll:

ii:]
o

.9
u

i
l!
(!)

j
:::..

1

mr:
~
I~

--- cp

~
o~
~
S::::).:..

I ;:::;G
~"

CB.C-7/3

~
.~

.. ~

15

20

CB_LOG07.XLS



• • • • • • • • • • •

PROJECT - Cave Buttes Dam
Trench #:CB.C-8

Location: 33 44.076 N, 112 02.525 W. Elevation: ft Geologist: 1'1 VV Date: 5/15/98

i' I:ll C C

oS
0 ~,2

i!
:;:: 0- "loGravel"C III Sample

_ III

,!:!
_ u

Lithology - description ll!~ P.1. "IoClay "IoSand and.c .c lUll:
numbersIi: 'iii o ,-

Q. Q, .a til Boul,rsll! til III til
c! .!!! ..J.!!!CJ () ()

~ SM Silty sand with occasional thin (-2") gravel/cobble bands. BC.C-8/1 SP-SM NP 11.4 65.6 23
' , ':-:-':-
QI-6 •••"
~~'--

.. '-
~-'-,'~

'·U GM Coarse gravel with 5-10% boulders, 25-30% cobbles + sand and silt BC.C-8/2 GW NP 1.04 16.51 82.45
~ Moderate to strong carbonate.5 ' ,

.Q..
• .(>

.!Q,..:,----:
()o

, ,

10 ~
'ffc

;/#'6/1~~~ ~(;.,

l-..r,

iB: GC Boulders with clay and cobbles. Less clay at base. Mod/Strong BC.C-8/3 ~ GP NP 3.1 42.9 54

carbonate.

15

20
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PROJECT· Cave Buttes Dam
Trench #:CB.C-9

Location: 33 43.950 N, 112 02.873 W. Elevation: ft Geologist: ftlAi
I

Date: 5/15/98

I
Cll C
Cl Cl
..J

-o~1u
_ u

Lithology. description I Sample
.t::. :c ~!5 numbersQ. Q.

l! VI

! til
C) <3
-- CH Dark clay. Moist. NONE

NONE
NONE
NONE

5 NONE
NONE
NONE
NONE

Boulders with clay and cobbles NONE
10 NONE

15

20

CB_LOG09.xLS

~.~ I I I' I.s 'li %Gravel
~ ~ P.I. %Clay %Sand and
.g l:l Boulders
..J .!!! -r

o
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PROJECT - Cave Buttes Dam
Trench #:CB.C-10

Location: 33 43.904 N, 112 02.450 W. Elevation: ft Geologist: /IN Date: 5/15/98

I
en c c
0 0 ~.2
..J ;: 0- %Gravel'C III Sample 'Iii ~u

_ u
Lithology - description P.I..J: :c Gl= .. = %Clay %Sand and

u::: 'iii numbers 0'-a Q. ..Q CIl
Boul~ersl! CIl

.! .!!!
III CIl

C) ..J.!!! 1
0 0

~G,ftJuND-" SM Silty sand with thin sand horizons CB.C-10/1 SM 3 37.5 55.5 7.. 5U£FA,C/E.
-'........

GW Sandy gravel_0._0
: .. ' ~

4.5 i!::B' SC Pink sandy clay. ?Tuffaceous component. '/-

;\:.{·i:· GW Coarse sand grading down to gravel• (It ...

~ ML Silt~. .
-'-: .
~~

~ SM Distinctive greyI plastic. 2% boulders/cobbles + clay. CB.C-10/2I~ SM NP 28.32 46.18 25.5

9.5
,n·:

GP Med-coarse gravel with minor clay «1 %). Moderate carbonate. CB.C-10/3 GP NP 4.2 45.8 50~

r-- .
".(3oS-- . •. --'"

',0 ••. CB.C-10/4 GP NP 3.1 42.9 54
:10.
0·· .

-14.5
." .~

19.5

CB_LOG10.XLS
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PROJECT - Cave Buttes Dam
Trench #:CB.C-11

Location: 33 44.171 N, 112 02.398 W. Elevation: ft Geologist: I1VV Date: 5/15/98

i' til C C
0 .2 ~.2
-I ..

~~ %Gravel!. " III Sampleu
_ u

:c .!! !E Lithology. description ~= P.I. %Clay %Sand and.c numbers o .-a Q. u. 1/1 J:l 1/1 Bou'lfrs~
1/1 III 1/1GI III

Q (!) 0 ..J.!!
0

~ SC Pink sandy clay/silt CB.C-11/1~ SM NP 12.3 53.7 34
.~;;9:.' GP Sand and cobbles CB.C-11/2 GW-GM NP 4.98 24.94 70.08
'0. '.;. GM Dirty, coarse gravel. 1-2% clay, 2-5% boulders, 30% cobbles. Moderate

~ to strong carbonate. No stratifiCation

5
.,' .

.:0
.~ ~
(yo:..

CB.C-11/3 GP 7 2.86 27.73 69.41=h'
~.

.C)
10

• : tf~ Weak carbonate at base.i!C;-i-

.:·~O Large boulders at bottom - hole stopped ,

15

20
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PROJECT - Cave Buttes Dam
Trench #:CB.C-12

Location: 33 43.672 N, 112 02.727 W. Elevation: ft Geologist: /1\f'J Date: 5/18/98

~
Cl C C
0 .S! ~.S!

~
..J ,,'lii 0- %Gravel

Sample
_ III

U
_ u

Lithology - description l!~ %ClayJ: :c .!!! !E numbers o .- P.I. %Sand and
a c.

LI. = .a CIl
Bou~ersl! III CIlGI ..!! ..J..!! 1c (!) (,) (,)

:::":.': ML Silt CB.C-1214 ML 7 57.4 42.6
...;;...::.

:t:~.-
o-

S
':"==.'
..:---:-:=::.
--:- :

~...-::::.
' .. } .. '

GP Loose medium/coarse sand with 2% cobbles. Moderate carbonate CB.C-121 SW-SM NP 8.04 69.38 22.58~•• 0 : :

~~.~
~.' .eJ••- ML Sandy silt

~101t~ /C'. l' '1"

CH Green/black clay. Moderate/strong carbonate. BC.C-1215~

:O~ GP Coarse gravels, 5% boulders, 20% cobbles. Moderate/strong carbonate. BC.C-1212 GW NP 1.28 26.47 72.25
• d ••

'PO
·.6··.·· ~

15 d·· BC.C-1213 GW-G NP 5.85 24.9 69.25
.Q'()',

~•• c>

20
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PROJECT - Cave Buttes Dam
Trench #:CB.C-13

Location: 33 43.649 N, 112 02.913 W. Elevation: ft Geologist: IIA Date: 5/18/98

i" Dl C C
0 ~.90 :;:: %Gravel

~
...

'tl III o'lij
U

_ u
Lithology - description

Sample 'tii u Pol• %Clay %Sand and~ :c .S! !E numbers
.. Ieo .-a Co II. ::I .c III Boul,rs

~ III IIIc! !! ... !!C) (J (J

~ ML Silt and clay. More sandy streaks at base of unit. Trench dug in channel CB.C-13/1 CL 14 82.9 17.1
~ showing at least an additional 10 feet of silts above.-.'-'..
.:-:...:.. ..
~::

~
'~'-'-'

5(15) ..:-..
---:-'-+:
~ ~

~
~

"7-'-'-'...~
.~

±.
.~

10(20)~

+?:

~ .~--:- ..
. ~
~.... .'.=::.

15(25) t?- /s/1 "
~ V
L OH Grey/black organic clay.
'~ •• '0, GP Coarse gravel with 1-2% boulders and 40-50% cobbles CB.C-13/2~ GP NP 1.18 23.43 75.39I j'.':q..
'-../

20(30)
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PROJECT - Cave Buttes Dam
Trench #:CB.C-14

Location: 33 43.778 N, 112 02.733 W. Elevation: ft IGeologist: ftW IDate: 5/18/98

II ~;.tML

i"
:!.
.c

!

Clo
..J
u:cc.
I!
C)

c
:8

'0 III_ u

.!! !E
LL III,;

(J

Lithology - description

Silty sand. Section contains layers of gravel up to 1ft thick (total =20%

of the interval) and sand up to 6" (total = 10% of interval)

Sample
numbers

c
o

~­o rl
-l;::
~ 'iii
III III
..J III

<3

%Gravel
Pol. I OfoClay IOlosand I and

BOUldfrs

~

I

g=u
.~<~ IGP IGravel, silty/dirty. 20% cobbles
.~ .
.<.::./
::'..,.0:.0
·0

9' .0

~ :~}?~;.ISW IMedium/fine sand.

20
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PROJECT - Cave Buttes Dam
Trench #:CB.C-15

Location: 33 44.392 N, 112 02.821 W. Elevation: ft Geologist: AVV Date: 5/18/98

l
Cl c c

.9
0 ~ .S!;: %Gravel

" ftI
0-

U _ u
Lithology. description Sample 'lG rJ P.I. %Clay %Sand and.:: :c .!!! !E numbers

.. co .-Q. a. LL. :g .Q CIl Boul,rsf! ftI CIlGI .!!! ..J.!!!0 (!) 0 0

.J-'" 501L-.--:--.-
-~

~ I"":" Coarse gravel, 25% cobbles Strong carbonate. From 3-4ft high clay with

.::er strong caliche cement. From 4-8.5ft strong carbonate caliche on stone CB.C-15/1 GW-GC 27 8.1 27.15 64.75
P. o' surfaces. ~

5 V CB.C-15/2 GP NP 2.1 30.9 67

~.' Cl

~·0
€Jo

:=-

10 ilGM Clay/silt ... boulders (increasing at base of interval) + cobbles. Poorly CB.C-15/3 SM NP 23.2 54.8 22

sorted zone. cemented and strong carbonate.
~.

~ ~

T.D. Trench abandoned (13ft) - many large boulders. Machine maxed out. CB.C-15/4~ GW-GM NP 9.09 33.21 57.7

15 10% Boulders.

20
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PROJECT - Cave Buttes Dam
Trench #:CB.D-1

Location: 33 43.466 N, 112 02.458 W. Elevation: ft Geologist: I1W Date: 5/20/98

~
til C C
0 0 ~.2.,J :0:: 0- %Gravel!. :g ~ Sample

_ III

u
Lithology - description ~.g Pol. %Clay %Sand and~ :c CUll:

numbersii: ':
0'-a Q. .l:I III BouldfrsI! III IIIcu .J! .,J.J!c (!) 0 0

. '':

SW Medium/coarse felspar/quartz, granite sand. Clean,unconsolidated. Less CB.O-1/1 SP NP 2.8 76.2 21•••.... 1

. ".
" '., than 1% cobbles.-- ',', '. ------- ----- ---- ---- ---- ------
.....' ~
~ ML Sandy clay. Red-brown moist~..

5 ~ GC Gravel with clay. 5-10% cobbles boulders increasing with depth (up to 2ft)
'£SEE
~ ...L

~ CB.O-1/2 'V SC 23 14.52 39.13 46.35

~. .
~I--=-""-

10 ~.........,.--

~ CB.O-1/3 WGW-GC 27 6.66 19.24 74.1
.......::=:-..

T.O. 11.5ft Problem with caving sands.

15

20
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PROJECT-Cave Buttes Dam
Trench #: CB.D-2

Location: 33 43.884 N, 112 01.449 W. Elevation: ft Geoloaist: I\W Date: 5/20/98

1
l:ll s:: s::

..9
0 ~.2;; .25 %Gravel

" III Sampleu _ u
:c .!! !E Lithology - description l!!1;:: P.1. %Clay %Sand and.s::. numbers o .-a Q. I&. :I .Cl III BoUI,rsl!! III IIIGl .l! .,J.l!Q CJ 0 0

I~ GM Silty gravels with rare cobbles. Dirty, brown CB.D-211 GW-GC 18 8.05 26.16 65.79
. (l •

~ .
.~.~.

GM- Coarse gravels, 5-10% boulders, dirty with silVsand to 5%. Weak toiE"i

~
moderate carbonate. ~

5 CB.D-212 GW-GC 22 8.6 28.4 62
~":"

E>
~.

~ Very hard and cemented. Slow digging ~

10

15

20
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PROJECT~ Cave Buttes TEST prr NO.; CBDH-l
COORDN:
COORDE:
EXCAVATEDduly IS, 1998
PROJ.NO.: 70241-8-0316.01 PAGE 2 OF 5
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~ P.ECORl) 1$ A RRASONABLR INTERPRETATION
JF SUBSURFACE CONDlllONS AT THE EXPLORATION

LOCATION. SUBSURPACBCONDmONS AT OnmR.
LOCAnoNS AND AT OTRER TIMES MAY DIFFER..
INTERFACES BEWEEN S'IRATA ARS APPRO)lMATE.
TRANsmONS 8BTWE5N STRATA MAYBEGRADUAL

•

•
I



P.la7/19

L E SAMPLES
E L I .~0 B D T

~o IiE v B
y

N N P i!:-~D (ft) T B

"1m.

602 437 3675 TO 48232213

sor~CLASSIFICATION
AND REMARKS

AUG 18 '98 12:22 FR LAW EI'£INEERING

o
E
P
T
t1

SS -I-...,....,..,..,bl-ro-_-C....,.layIIy-....GRA........va......-wiIIl,.,....sand.,......-iDoISI....,...-.-.....-,4e...-...-=-plasli"=""·.....city:--------------1

6S

60

• ~ 1isbl brown #ftdy ORAva, dry, krw plutid':y
5...
c
!;!
; ~ ~
Q

:t

• gSl
i
~
'oJ

Ii:

• e l' -l.-~-------------------------_-..I!:.~--'

•

•

•

•

•

•

DlULL.ER: Layne EIIYirvnmcIIIII Scni;w
EQUJPMENT: AP-IOCllWeck:ef
~DIV.: 9
IlSCAtUCS: D.-J wan Dowa-HD1c I'eIm5siIIII H.ImIDlr with Tubex

AUII&:hmcal

•
HIS RECORD IS A REASONABLElNTERPRE'rAllON

OF SUBSURfACE CONDITIONS AT lHEEXPLORA1l0N
LOCATION. SUBSURFACE CONDITIONS AT OrnER.
LOCATIONS AND AT OnmR 'TIMES MAY DIFFER.
INTERFACES BEWEEN S'IRATA ARB APPROXIMATE.

• TRANSI110NS BBTWEEN STRATA MAY BE URADUAL.

Pllo.m.cTl Cave Buttes TEST PIT NO.~ CBDH-l
COORDN:
COORDE:
E~<:J\"~~J):Jut.YlSt1998
PROJ. NO.: 70241-8-0316.01 PAGE 3 OF S

5BGn>uP-'.
I
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•

•

•

•

•

• ..
~
~

g
:xi
~
Q

• ~
a:
::1
!:i
~
c5
Z

• fa...

0 SOIL CLASSlFlCATION L E SAMPLES8
p AND REMARKS E to ( ~
T G E D T

!! nH B V E Y
SEE KEY SYMBOL SHEBT FOR. EXPU\NAilON 01 N N P

.~a; SYMBOLS AND /\BUEVJAnONS BaOW. D (ft) T i g
Lli/It llrOWD sandy OMVa. dry,low pllSIkilY

~'i-1IlI!
IS4S.

~';~

'i~~;. .
,~: '

. .
~\~~ ......
~...~
.~J1

-10- ~:':'
I-J540,O-~~..

~_J
=-e:,it' •.....
~"~

t~"·it~
Datk BtOwe da,yey ORAVa willl sand, moist, modeflCe plasUciey

~f-15- ..-.. iS3S.O- me. I

~

• 90 - 1530.0-

~

-9$- 1525.0- OK

00

. ri
~

-100 15:20.

••

•

DR.IU..I<R! LI)me~ SerYioe9
EQUIPMENT: AJ'ool~
HOl.S DIM.: 9
REMARKS: O.-l w.n DowDoHoIe Pva&.1siOft Hamnlierwi'"1"ubIx

AlIIIdImaal

HIS RECORD 18 A REASONABLE INTERPRETATION
Of SUBSURFACE CONDmONS ATnm BXPU)RAlTON
LOCATION. SUBSURFACE CONDITlONS AT OlHER.
LOCATIONS AND AT OTHER TIMES MAY D1fl?.Ea.
JNTSRPACBS BBWBEN STRATA ARE APPROXIMATB.
TRAN$moNS BEnVEEN STRATA MAY BE GltADUAL.

~ •• I • ~ - - - - - ,.. -., ~-~- ,

.' I' J ~ 1

," . : . - - _.... - -- - - - - - -

PR().JECT: Cave Buttes TEST PIT No.: CBDH-l
COORDN:
COORDE:
EXCAVATEJ>:July IS, 1998
PaW. NO.: 70241-8-0316.01 PAGE 4 OF S

I: ::::: lAf-.-£
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,

D SOIL CLASSIFICAnON L E SAMPLES
Ii Ii L
p AND :REMARKS 0 E

I T 1?

IiT E V
D Y AiH SEE JaiY SYMBOL SHEBl' POB.l!JCI'l..ANA"DON Of N
E P

SYMBOLS AND ABBlUMAl'IONS BELOW. D (it)
N E i1::

-fm U20. A
T Q

FIElD ENOINEDKING NOTES:

~
Approxinmle pvund RIl'f'_~ = 1&20 b:t.

SojJ l>oIiDc~ ••~~ 1000 leet beJow jp'OUIld SlIIfiu:c..
I-

GrotlIIdwaW not llIlCQIIIlIInd.

l- . 8ordIoIc~ otItIl to tenninatioll dcpIb.

BoNhoIc bsddillcd wih spoils.

I- lOS - 1-1515.0-

l-

I-

I-
~

r- 110- '-1510.0-

- liS - 1-150'.0-

.
r- 120- '-lsao.a-

.

"'11$ 1495.-

•

•

•

• ..
~s
g
iii

~

• ~
Ii::
~

§
~
Ii:
~• a

•

•

•

•

•

DRILLER: LaYM EJWu-t Ser9icXl!I
EQUIPMENI':AP-l~
HOLliDIM.: 9
REMARU: DuIII Will DownoHoIe~Hmumrwitb TabcIc

AlIIehmBd

:1041$ RECORD IS A REASONABLE INTER.PRBTA1l0N
OF SUBSt,JRFACECONDmONS AT lHESXPLORATION
LOCATION. SUBSURFACE CONDmONS AT ()1lfER
LOCATIONS AND AT OTHER TIMES MAY DiffER.
INTERFACES BEWEEN STRATA ARE APPROXIMA16.
TRANSmoNS B£TWEBN STRATA MAYBE mADUAL.

PllOJECf: Cave Buttes TEST PIT NO.: CBDH-l
COORDN:
COORDE:
EXCAVATED: July 15.1998
PROJ.NO.: 70241~316.0l PAGE S OF 5

1:~_l..
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8X.

BK.

8IC

s

10 -t-~t>urpkl=~bou=\der$~....~or~cobbIa=~-----------------------

~ SOIL CLASSIFICATION L e SAMPLES
p AND REMARKS Ii L ( b
T g ~ 0 ~ .~t;i' j~
H SEE KEY S~iBOL SHEET fOR EXPLANATION OF N ~ P

s
gl!~ ·ia g

ft) SYMaOUi~A88UVL\TJONSBa.oW. D (ft) T :au
• (0 +;:;::;:;:::::=-::r:;:::;c;';;-;;;:;~;;-::::::r-=::t.::~===c::r.::-:::::-t:=~l:":""---------4~~DIIt brOWn c11)'e!1 SA1IlO~.. COlllaitls ~~~ en. low pl8sQl;ity 1580.o-t'-............rrt---t---1

- 15

•

•

•

•

• i 2S .....l.----- , -.l~~1"5;.o_'--.l.........---'--......

•

I>IULLER; l.ayM~s,m-
EQUIPMENT: AP-100llIBa:ta"
HOLEDJM,: 9
REMARJCS: Dual Wall DaTm-HoIe PaaIISiCIIl HIm.mc,.. williTw.
~

•
.Hm RBCOlW IS A RSASONABLE 1N'l'ERPRE'I'ATION
OF SUBSURFACE CONDllIONS AT 1lIE EXPLORA'I'lOH
LOCATION, SUBSURfACS CONDITIONS AT OTHER
LOCATIONS ANO AT ()'llIER. TIMES MAY DIFFER.

. INTERFACES BBWEEN STRATA ARE APPROXIMATB.
• TRANSmONS 86TWBEN STRATA MAY BE ORADU.AL.

~, -, - ,.... . .. . - -- - -
, - -' ~ '

.~J_ ~ __. . __ "__ . __ ~ _

PROJECT: Cave Buttes TEST PIT NO.: CBDR-2
COORDN:
COORDE:
EXCAVATED: July IS, 1998
PROJ. NO.: 70241-8-o3J6.01 PAGE 1 011' S

[AV{

•
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L E SAMPLES
E L I ifG E D T fI! V Y e-
N E

p ~! ~~N
D (a) T E Q

'A.1S5S. SIC

SOIL CLASSlFICATION
AND REMARKS

o
E
P
T
H SEE KEY SYMBOL SHEET FOR. BXl'LANA11ON 01'

SYMBOLS AND ABBJUMATJONS BELOW.
_gt} +- -~--~---------------_bC712"7_t_•

•

•

•

•

- 3S -

- 40 -

•

•

•

D~: ~~Scmcca

EQlJIPMENT: AP-lOOCllBc:d=
HOLE DIM.: 9
lU!UAIlXS: Dual Wall DooNn-Hoie PlmlssilillH_II"with 'I'ubc:x

AuacJvncmt

;HIS RECORD 1$ A R£ASONABLE INTER.PRE"'IA1lON
OF SUBSURFACE CONDIllONS ATm.E EXPLORATION
LOCATION. SUBSURFACE CONDmoNS AT OTHER.

.LOCATIONS AND AT 0J'REll TIMES MAY DIFFER.
INTERFACES BBWEEN STRATA ARB API'R.O>3MATE.
TRANSmONS BETWEEN STRATA MAY 'BE GRADUAL.

-- . - - - " - -. .'- - - ~- .. - - ........ -- ...- - . - - .. - ,
~. , '. . . ., ' '.
---- --

PROJECT: ca'WI Buu. TEST prr NO.; CBDH-2
COORDN:
COORDE:
EXCAVATED:July IS, 1998
ROJ. NO.: 70241-8-0316.01 PAGE 2 OJ' 5
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PAGE 3 OIr S

9K

TEST PIT NO.: CBDH-2PROJECT: Cave Buttea
COORDN:
COORDE:
EXCAVATED:luJy 15,1998
PROJ. NO.: 70241·8-0316.01

55

o SOIL CLASSIFICATION L E SAMPLES
EEL
f' AND REMARKS 0 B T'~ r~iI E V Y :!c:- !~..

SBBXBY SYllfBOL SHEEr FOR EXPLANATION OF N ~ ~Ar ~
1&) SYMBOU ANDABBREVIATlDNSBELOW. D (ft) .,. ~ ...

- 3CJ +n=;;:r.;;;;;;;-;=:i"-;;;;;o:-;;;;;;;rc:;;;::;;i,;o;::t;;:;;;;;;;;r.;~----""-------------b'777.'1-U30.o-r'"";:;';;,......-f,rrl---t--.,.jOrAy clayey salICl _lit tllNtl. MOitr;1ow plasticity

• 65 -+-=BEI>lWCX==::--------------------------~

DRIlLER: Uync EnYimaIncaW Scrvicca
EQUIPMENT: AP-lllOllJRecbr
HOLBDIM.: 9
lUDotARKS: Dual Wall DowD-HoIe PercuaioIl Hammtr wi1b Tubex

A~

.HIS RECORD IS A REASONABI.Ji INIERPIl.E'IATION
OF SUBSURFACE CONDi11ONS AT mE SXPl.ORATlON
LOCATION. SUBSURFACB CONDmONS AT eUlER
LOCATIONS AND AT OTHER TIMES MAY DIflO'J!lt.
INIERFACES BBWBBN STRATA ARB APPROXIMATE.
TRANSmONS BEnVEEN STRATA MAY BE GP.ADUAL

•

•

•

•

•

•

• A::;j
!:1

!
~

t:
• e " -'- ~_-_----------------- __

•

••



PROJECf: Cave But1I=s TEST PIT NO." CaOH-2
COORDN:
COOllD£:
EXCAVATED: July 15.1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OJ 5

~GrouP-::6..

...-,. ~ _ - ~ ~ - T·. , , .
• I :I--~ :.'"-.' '~-.J '

-~----~~ .. _........ --- --- - -- -' - - --- ~ - --

IS

10

.go

• AUG 18 '98 12:30 FR L~ E1'EINEERING 602 437 3675 TO 4823220 P.13/19

D SOIL CLASSIFICATION L E SAMPLES
E

ANDRBMARKS E L a-p 1 ,jjG B D r iT Ii V lS
y

JI SEE XEY $Ylo!BOL SliEEl' FORIDIPLAlIlATION 011 N It grgN

- ~'V
SYMBOU AND ABBRlMATIONS BIlLOW. D (It) T E 20

ROCK 1505.•

•

•

'. ~
~

S
~; 95
r:J

• ~
~
~...
!;

5
l::...

• ~ 100

pR,JU,.ell: ~ PaviIoaInentaI &:rviccs
EQUIPMENT: AP-lOOOlBeclcer
HOLEPIM.: 9
REMAllKS: Dual W.n DowMtoIe PeccussiolaH.-Ifwitb Tuba

Attadwn-

•
HIS RECORD IS A RBASONABUL tN't'ERPl2.E"!A'tIDN

OF SUBSURFACE CONDmONS ATTFIE EXPLORATION
J,OCATION. SUBSURFACE CONDITIONS AT OTHER
LOCATIONS AND AT OTHER. TIMES MAYO~FER.
INI'ERFACES BBWEEN STRATA ARB APJ!RO>JMATE.• TRANSmoNS BETWEEN STRATA MAYBE GRADUAL.

•

•

•
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•

•

•

•

•

• !s
§
iii
5
~

•:s
'Ii:
~
DO

I,...
i>';

.m

D SOIL CLASSIFICAnON L E SAMPLES
Po
p AND REMARKS E L 1 .g;.

I~G B TT E V
D Y l!o

H su UY SYW,,BOL SHEET FOR.~'l1ON OF N E p ~a ~JN

- (86
SYMBOLS AND ABBREVIATIONS BELOW. D (R) T B g

I'lEI.D eNGlNE£lWIG Nores: ~- 1.80.

Approximafc ground!ll8'1Ba: elcwlilll1- 1580 fall

Soil bod. terminated ...~ 100 ti:1:l bdaw IlfGUlld-mcc.

GrvundwMerno&~

Borehole obscnoai apc:Il fD IcnJIiaIIIioa deplh.

8oRboIe bocIdiJlcd with spoils.

I- IOS- -1"."0-

- 110- f-141O.o-

..
i-

i-

·llS- -1465,0-

.

-120- H4'iO.o-

~

.
.

-125 1455.

••

•

DIlILLat: ~ Eftviraal' .' ScrYiIlI:I
~:~lllOOIJ3I:I:blr

ffOt.E DIM.: "'}
REMARKS: Dual Wall Dclwft.HoIc PcrcuuiaaE'-~.thTubu

A~

.IIS RECORt> fS A REASONABLE JNl"&aP1tE1'ATION .
OF SUBSURFACE CONDmONS AT THE EXPLORATION
LOC\TION. SUBSURFACE. CONDmONS AT eITHER.
LOCATIONS ANt> AT.(mIElt 1'1MBS MAYDIFFER..
~ACES~.STRATA AREAPPROXlMA'Ili.
TRANSmONS BEl'WEBN STRATA MAY BE GRADUAL.

- ~, - - - - -- .~., _ .. -., - ......~: - , ..:
. . ...! ~ t , ,

-~. ~.- -- -- - - .. --- .. - - .. ,

PROJECT: "Cave Buttes TEST PIT NO.: CBDH-2
COORDN:
COORDE:
EXCAVATED:lu1y IS, 1998
PROJ. NO.: 70241-8-0316.01 PAGE S 0., S

a,.._ia
• ..
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P.08/12

.

I- •

TEST PIT NO.; CBDH-3PROJECT: Cave Buttes
COORDN:
COORDE:
EXCAVATED: July 17,1998
PROJ. NO.: 70241-8-()316.01

602 437 3675 TO 4823220AUG 18 '98 14:53 FR LAW El'(JlNEERING

I- S -

DRIUJ!R: Uyac~ Scnice&
.EQUIPMENT: AP·IOOOJBecket
HDLJi DIM: g
REMARKS: Dual Wall Down-HM PtrcusIioIl~r wida Tubc:x

Attar.IuDI:M

I- 10 -

HIS RSCORD JS A aEASONA.BLQ IN'I'aPJmTATION
.)F SUBSURFACE CONDmONS ATTHB EXPLORATION
LOCATION. SUBSURfACE CONDmONS AT OTHER
LOCATIONS AND AT OTHBR. TIMBS MAY DJFI:sR.
INTER.FACES BEWEENSTRATA AREAPPR.OXIMATE.
TRANSlTIONS BETWEEN STRATA MAY BE GF..ADUAL.

•

•

•

•

•

•

•
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I ~ 40 - Ugbt browD 5DDdy SILT with pawl.1nOisC. low pIasUeity

•

•

•

•

o
E
Por
H

I- )5 -

son:. CLASSIFICATlON
AND REMARKS

.

:. ", • I .:~.. :

.,., .. ','

:. '. : /.-., .'.> !
i ...
~ :': ",o ...
=- 45 - Brown silty SAND wiIh gravd,1IIOili.1ow plalicity ~~1-15I5,O- me.

·i "~~
5 :::.: :} i~~

~ j;j
• e_50 ..J.. -------,-------------------It,;,,'.Lo.'.:.Io'·~:....:U80,~--.....I.l£-- ....---'

:.- ~-..... - -... -- ,,-" , -: -; r. I" ~ - ,:- _, .. , '. ,- ~ r --:-:- • -, - ~!'

.:. ),.~ .;~.' . " ~ . .

PAGE 2 OF S

TEST PIT NO.; CBDH-3

LAW
LAWGIBB Group Member~

Cave ButtesPRon:cr;
COORDN:
COORDE:
EXCAVATED: July 17. 1998
PROJ. NO.: 70241-8-0316.0 t

DRiLUK: LaytlC £nvirollnlaUl ScrrillcI
EQUIPMENT:AP-l~
ROLE DIM.: 9
REMAlUC5: Dual Wall Down-Rolc Pl:n:ussiaa HEmx:r wilh Tuba

A1laclmaII

.m.s lmCORD IS A REASON,A.BI...61NTBRPRE1'ATION
OF SUBSURfACE CONDmONS ATTRE EXPLQRATION
LOCA110N. SUBSURPACE CONDmONS AT OnmR
LOCt\'lTONS AND AT OTHER TIMES MAY DIFFER.
INTERFACES BEWBEN STRATA ARE APPROXIMATE,

• 1RANSlTIONS BB'I'WBENS'IRATA MAY BE GltADUAL.

•

•
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D
E
p
T
H
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AUG 18 '98 14: 54 FR LFtV E!'43 I NEER I NG

•

•

•

I- '

602 437 3675 TO 4823220

SOIL CLASS1FICAnON
AND REMARKS

:: .. ': :-1-..
-:"..
':. ': ': '~1-

P.1121/12

.

•
::,.. ,... '
'0 .., ::

..
,0 ..... _,

.:" ~ '::
:'1-1565.0- me

~S
17

'. ."
~)
~)

:

.-
'.

1560.0-

:.1-

:

15.55.-

,- 6S -

• ~
lit
l:i
l:l

~~ 70 -
Q

~· ;::q

i
5
E
Iil• t- _ 7S -i-~~ --.l.u.:.t~

•

DIUI.l.CR: Layne f.;ftVltonIIWIIaI SMWles
EQUIPMENT; AP-10lJ0IIkc:br
J:lOLE DIM.: 9
R,EMARJCS: Dual Wall Down-Holc Pen:uI&ioD Hammer with Tuba

Albr:hmc:nt

tHIS lUiCORD IS A REASONABLE JNIERPRETATION
OF SUBSURFACE CQNDmONS AT lHE EXPLORATION
LOCAnON. SUBSURFACE CONDmONS AT OTHER
LOCATIONS AND AT OTHER TIMBS MAY DIFFER..
INTERJlACES B6WEEN STRATA ARB APPROXIMATE.
TRANSmoNS BETWEEN STRATA MAY 8S Gt.ADUAL

PROJECT: Cave Buttes
COORDN:
COORDE:
EXCAVATED: July 17,1998
PRW. NO.: 70241-8-6316.01

TEST PIT NO.: CBDH-3

PAGE 3 OF 5

Member'£



SEE KEY SYMBOL SHEET FOR. EXflLANATtON OF
SYMBOLS AND ABBREVIA.TIONS BELOW.

son~CLASSWICAT10N

AND REMARKS

• 0
E
p
T
H

-~'Y•

AUG 18 J 98 14: 54 FR LAW E!'[] I NEERING 602 437 3675 TO 4823220 P.11/12

L E SAMPLES
J! L I ~ IiG s D T

~JE v E
y

N N P !~D (ft) l' E g
1555.•

8"-

•

•

•

•

-10-

I- IS -

.

. 90 ~

I

,'. '

f/'~"".A~r-1'3'.o- SIC. 19

-L..~--- "-- ---"~~IS30,._0-1-_...u"lo-_""--'

• .
$
i
S

i I- 9$ -
l:J

It-
S• ...
~

I«
V

Ii:
'"'• 2- 100

•

•

DRIlLER: ~Eo.~Scnica
EQU1PMENT: AP-lllOO18ec1ow
HOLEDIM.: 9
lEMARKS: 0l1li Will DcMIHIDIc P1:n:uIsioD Hammer with TaIJa

AtbIdImca&

HIS RECORD 1$ A RBASONAMJi JNTER.PRBTATION
(}F SUBSURFACE CONDlTlONS AT mE EXPLORATION
LOCATION. SUBSURFACE CONDITIONS AT OlHER
LOCATIONS AND AT OTHER T1MBS MAY DIfFER.
lNTEkFACES BEWIiEN STRATA ARE APPROXIMATE..
TRANSmONS BETWEEN STRATA MAY .as GltADUAL.

• ,'. • " .' ~ -F' - - - - :-,

. .

PROJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORDN:
COORDE:
EXCAVATED: July 17, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OF 5



•
i=tJG 18 •98 14: 55 FR LAW EI'43 I NEERI NG 602 437 3675 TO 4823220 P.12/12

•

•

•

•

•

• ..
~
5

8
Pi
6

• ~
;0:

~
~
f"I

I:...

• ~

D SOIL CLASSIFICATION L E SAMPLES
E
p AND REMARKS E L 1 1/ .IiG E TT E V

D y §iH IiSSE ICBV SYMBOL SHEET FOR EXPLANATlION OF N N
p

it,,)
•f&

SYMBOLS AND ABBRIMATIONS lmLOW. D (ft) T B 8
FIELD ENQINDBRING NarES: ~

1530.

I-
Appmxinmk: puuod~ devaIioo: 1630 _

Soil bofine 1Il:fmiDat<ld • 8pIllDXiInaldy 100 te:t below puund surm.c.
!-

GrouodwlItcrDOt~.

Borehole obwwd open to IIlrIniIuIrlaa cIcplIL

.Bon:haIe bKkfiJled rib spoils.

-105- f-lS2S.o-

l- .

- 110- '-1520.0-

- 11S- -IS15.0-
I

.

.

-120- HSIO.o-

-125 1:10.$.

••

•

DRILLER: ~Bft~~ScniccI
BQUJPMENT: AP-lllOMtecbr
ffOLE OJU.: 9
REMARl'S: OWl Wall Dowft-Hole P!lftlIIBioIl Haauau willi Tabex

Albehmat

HIS RECORD IS A REASONASLS INTERPR£"IATIDN
uF SUBSURFACE CONDlllONS AT mEEXPLORAllON
LOCATION. SUBSURFACE CONDmoNS AT C'lHBll
LOCAllONS AND AT 011IB& TIMBS MAY DIFP'ER•
.lNI'SRFAQ$ 8SWEEN STRATA ARB APPRDXlMAlE.
TRANSmONS BE1WEEN STRATA MAYBE GRADUAL.

.. ,- ... -.' . " ..' _. . . -- .
:, - _: - -. - - .- -,

'- .- ~- - - . -

PROoJECT: Cave Buttes TEST PIT NO.: CBDH-3
COORDN':
COORDE:
EXCAVATED: July 17,1998
PROJ. NO.: 70241-8-0316.01 PAGE S OF 5
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•

•

•

•

AUG 18 '98 15: 12 FR LFtV El'ElNEERING

~ s -

I- 10 -

- IS ­I

;:
l':!
S
~ .;>

is
~

~ - 25

602 437 3675 TO 4823220 P.02/16

.

•

DRJLL£Il: Uync Eavilomlcalal ScrMa
EQUIPMENT: AP-tOlJO.lBtekM
fJ()U' OIM.: 9
Rf'.MAlQ{S: DlsaI W,n Down-HoIe PI:rous5ion H.nmc~ wiabTw­

AtlKJaaa

.HIS RECORD IS A REASONABLE INTERPRETATION
OF SUBSURFACE CONDmoNS ATlHE EXPLORATION
LOCATION. SUBSURFACECONDmONS AT(ITHER
LOCATIONS AND AT 01HI3R 'I1M6S MAYDIF.~
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
lRANSmONS BBTWEBN STRATA MAV BE GRADUAL.
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PRODeT: Cave Buttes TEST }tn NO.: CBDH-4
COORDN:
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EXCAVATED: July 20, J998
PROJ. NO.: 70241-8-0316.01 PAGE 1 OF 5
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DRILLER: La}'Dll Euwil_.1«IfaI Scrvf.-
EQUIPMENT: !tJ>.11JOO.IBec:b:r
UOlB DIM.: 9
RBMAkKS: D\Ia1 wan ea-Hole Perauaima HlUllltIlr wiIb Tuba

AIadImelIi

rms llECORD IS A REASONABLB lNIEIU'llETATION
OF SUBSURFACE CONDmaNS AT TIm:EXPLORA11ON
LOCATION. SUBSURFACB CONDITIONS AT OTHER
LOCATIONS AND AT OTHBR TIMSS MAY DIFfER.
tNTERFACES BEWaEN STRATA ARB APPROXIMATE.
TRANSITIONS~ STRATA MAYBE ORAOUAL

. ,- . - -;.- , ~ - -~..,' -:. .' - - .-:- ,- - , ~

- -- -~ ~ ... - - - ~._--

PROJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORDN:
COORDE:
EXCAVATED: July 20. 1998
PROJ. NO.: 70241-8-0316.01 PAGE 2 or 5
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SOIL CLASSIFICAnON
.!\ND REMARKS

• Brown poony jided ar:w. with d IIIId JIIIIlI, cII:mc to bud.dry,~.conlIins1 pefCeJIC~

,- 65 -

•

••

DRiLLEft: 1..B:yIle I!JImIIImeIIIId s.m-
EQUIPMENT: Ap.}QOlWecker
HOLDDlM.: 9
REMARKS: Dual Wall Dowft-Holc Pc:n:msion HIImmr.r with Tabe:x

AtIadImaIl

nilS RECORD IS A REASONABI..S INT~PRBTAnON
OFSUBSURFACBCONDmONSATlHEEXPLORATION
LOCATION. STJBSURFACE CONDmONS AT OTHER
I.QCAllONS ANI:) AT OlHER 11MiS MAY DJfFER.
INI'BRfACES 8.6WBEN STRATA ARE APPROXJMATB.
lMNSmONS BETWEEN STRATA~y BE <;nUDUAL.

1-1/105.0- BK

10 •

PR.OJECT: Cave Buttes TEST PIT NO.: CBDH-4
COORDN:
COORDE:
EXCAVATIID:July20.1998
PROJ.NO.: 70241-8-03'6.01 PAGE 3 011' 5
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LAWG.BB Group Member~

PKOJBCT: Cave Buttes TEST PIT NO.: CBDH-4
COORDN:
COORD£:
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE 4 OP 5

LAW

\ ' . r - .
I I I ' ' ~, ~ ~ I ,. • '

( - '- . - -

.-

DKlLU!R: 1.IIynI:Eavi~ ScnioIIS
BQUIPMENI": AP-1000IBcc:br
HOLBDIM.: 9
ReMA1UC$: o.t w.n DOwft.HoIe~~ ... wick 'I\ltJI:x

AttICIlIIseM

TIm REOORD 18 A REASONABLE lNTERPREIATION
.JF SUBSURFACE CONDmoNS AT1HE EXPI.oRATION
LOCATION. SUBSUltPACE roNDl'llONS AT-:>mER
LOCATIONS AND AT 01HER. TIMBS MAY Dn:PER...
INTERFACES BEWEBN STRATA ARE APPlto."<lMA1'E.
TRANSlllONS BETWEEN STRATAMAY BE ORADUAL.
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0 son:.. CLASSIFICATION L .E SAMPLES
E
p AND REMARKS E L I l:-
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G B D T 8E V Y

H saI KEY SYMBOL SHEEr FOR EXPV.NATJON OF N
.E l' ~l 'a li

SYMBOLS AND ABBa£V1A1lONS BELOW. 0 (ft)
N B ~a

.112 T

..flEU) ENOINs.ERJNG NOTES: .~
1570.-

Approxilnlllc pvund -tace llievatioft =1670:Cet

Soil bon. temaiUliCdat~ 100 flNt~pJIId surDco..
GrotmdwMa" DOt ~unteted.

Borehole~ opeo III ImJIiDIticlIl deplII.

I-
Bon:boh: *ldilled Witb spoils.

"'"' 10!-
H5&!i.o-

.

f- 110- ~lS60.o-

l-

I-

-liS - 1-15".0-

I
l- .

f- 120- 1-1550.0-

.

.... 125 t~

• ~-
@
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!
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• 3
l!a

:1
5

~
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£..

• ~

•

•

•

•

•

•

•

~ -:_ t r • ~ ~ ~ ,_ '''''"; _ • _ _ ~_ 1 . •

'. .. 'I . . .

PAGE S OF S

TEST PIT NO.: CaOH-4PROJECT: Cave Buttes
COORDN:
COORDE:
EXCAVATED: July 20~ 1998
PROJ. NO.: 70241-8-0316.0t

DRD...LER: Laync~ SeMees
EQUIPMENT: AP·1QOO1BeeAr
HOLBDIM.: 9
REMAJUCS: DuII111I.n Down.lfole Pseassian H.mmu- withTw-

Al1IdlmaIt

!'HIS RECORD IS '" R~ONA.9LBINmRPRBTATION
OF SUBSURFACE CONDmONS ATTHE EXPLORATION
LOCATION. SUBStJRFAC£ CONDmONS AT OTHER
LOCATIONS AND AT OTHBR. TIMES MAY DIFFER.
INTERFACES BBWEBN STRATA AIlEAPPROXlMATE.
1'RANSI110NS BETWEENSlRATAMAY BE GRADUAL.
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0 SOIL CLASSIFICATION L B SAMPLES
E E L
p AND REMARKS r .i!:' .ijG B T 'aT B V

0 Y c!!~H E
SEE KEY SYMKll. SHEEI' fOR. EXPl.ANAn~ OF N ~

P
~

(ft)
SYMBOLS AND ABBREVIA1'1OI'ofS BaOW. 0 (R) T E B r,j

- 0 9ruwD c:Iayey SAND with graYct.~ lIlOdcr1W plas*i'J. welle to IIIOCIcnIR~n

~
~.
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- S 1625,0- BIt.
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DRJUER: ~Eml~Sc:rW:a
&;!U1fMBNT; AJ'o.lClC1WBcda
HOLE DIM,: 9
REIIoIAJUCS: 0-1 wan~~ lbmA!4!I'wfdI 'l'1IbesA___

•
1"HIS RECORD IS A REASONABLE lNIERPRBIAT:lON
OF SUBSURFACE cmmmONS ATTRE EXPLDRAnON
LOCATION. SUBSURFACE CONDTltONS AT 'OTHER
LOCATIONS AND AT 01lIER 11MES MAY DIFFER.
IN'l'ERFACES B£WEEN STRATA ARE APPROXIMATE.

• TRANSJ'TTONS BETWBEN STRATA MAYBE GRADUAL

PROJECTz Cave Buttes TEST PIT NO.: CBDH-S
COORDN:
COORDE:
EXCAVATED: July 20. 1998
'ROO. NO.: 70241·8-0316.01 PAGE I OF S
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L E SAMPLES
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Ii P ~ 113N
0 (ft) T E g
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602 437 3675 TO 4823220

SOIL CLASSIFICATION
AND REMARKS
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DlULLER: 1.II1neuvinmli.-.I $eMclIs
EQUlPMnNT: AP-IlIOOJBc:cka'
HOLEDIM.: 9
REMAIUCS: 0uBl WlIIl Dowa-HoI. P.mIISiola HIIllftf wida TubClt

Au.e:baleal

'HIS lUiCORl) IS A RSASONABI..£ 1N"1'ERPRBI'ATlON
iF SUBSURFACE CONDmONS AT THE EXPLORATION

LOCATION. SUBSURFACE CONDrIlONS AT CllHER
LOCAnoNS AND ATarHER. TIMES MAY DIF'.FER.
IN'I'BRFACBS BBWBSN STf(ATA ARB APPROXIMATE.
TRANSmoNS BETWEEN STRATA MAY B6 GRADUAL.

rr- r~ ~ ... -, ., - , , , -. -.' -, - -_ ..
,1 .: • - • ,.. ~ - '" • '

" .".

PROJECT: Caw Buttes TEST PIT NO.: CBDH-S
COORDN:
COORDE:
EXCAVATED: July 20. 1998
mOJo NO.: 70241-S-0316.01 PAGE 2 OF 5
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SOIL CLASSIFICATION
ANDREMARXS
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E
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E L
G E
E V

SEE KEY SYMBOL SHEIiT FOR. EXl'l.A1'lAnON OF M
SYMBOLS AND A8BQVIA'J1O'NS BEI..OW. D (ft)

•~*tJ +=------:-.........,,......,,,~-:-:::---==~~---------------h-7~15SO.-BI'OWIl clayey SAND. dty to~ jiIiiiJCllY rl.' .
~:
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~ '.'
~ .

~ ":

~.,
;; .•

•

•
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- 5S ~

.

. '. ,-1515.0- BK

~.'

~ ::

•
1570.0-

• - 6S -
I

.

DRl~ Layu.~s.via:s
BQUJPNE'NT: AP·lllOOl8edll:l'
JoI0U~DJM.: 9
REMa\lUC& D~Wall DawDoHak~ IIMImerwilh Tuba

At!BdInIeIlI

•
~ RECORD 18 A REAsoNAaL:s lNrSRPRE'fAnoN
.>F SUBSURFACE CONDIllONS AT mEEXPLORATION
I.OCATION. SUBSURFACE CONDIl1ONS AT OTHER
LOCATIONS AND AT 01BER. 1'lMES MAY DIFFER.
INI'ER.FACES BEWESN STRATA ARE APPROXlMATE.

• TRANSITIONS BBTWEEN STRATA MAY BB <iRADUAL.

r -,' .-.. -, ' . - I - _ ' • _ • ~ ..... ; - -- , • ~

~ '. .-,' .,'. .
-_ ..... - - - - - ~ --- - - ---- ----_. - _. --- -

PROJECT: Caw Buttes TEST PIT NO.: CBDH-S
COORDN:
COORDE:
EXCAVATm:July20,1998
RaJ. NO.: 70241-&-0316.01 PAGE 3 OF 5
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I>IULLBR: ~~Scrviecs

EQUIPMENT: AP-lOOOlBcc:br
HOLE DIM.: 9
ltEMAlUCS: OPal Wall~HoII:PIln:uIBiaa~willt Tulla

AIIId.lCIIl

HIS RECORD IS A REASONABLE INTBRPRETATION
JF SUBSURFACE CONDmoNS AT 1HE EXPLt:)RAnON
LOCATION. SUBSURFACE CONDmONS AT (J'mER
LOCATIONS AND AT OTIIER. TIMES MAY DIFFER.
INTERfACES BEWEEN STRATAARBAPPRW<lMATB.
TRANSlTIONS BBTWEBN STRATA MAY BE ClR.ADUAL.

- -ro· .. • , ~ -
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PROJECr: Cave Buttes TEST PIT NO.~ CBDH-S
COORDN:
COORDJ::
EXCAVATED: July 20. 1998
PROJ.NO.: 70241-8-0316.01 PAGE 4 OF S
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D SOlI.. CLASSIFICATION L E SAMPLES
E
p AND REMARKS E L I .~ ~#G E T
T E V

D
Y 1= jJH SEE~ SYMBOL SHEET FORBXPlJ\NATION OF N E
~ a-J,N

-fm SYMOOLS AND ABBIUMATIONS BELOW. D (ft) T

F1ELD El'lull'lSBIUNG NOrES: ~_
1530.-

AwoximaM: gJoand MftIce eI8\IlIIian - 1630_

Soil bonlll amm.scd • apptOXima!dY 100 fo:t bcIow pound sur&cc.

CrOlllldMlor nat CIKXIIIIJIa:lld.

8oRboJo obsetYed open flO lCmlinItion 6epdL

BotehcIc b8I:kfilIcd willi spoil$.
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I- 110- 1-1520.0-
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-
I- 120- 1-1.510,0-
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'-125 1$0$.&
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DR1LlJitf,: 1.ayJIfI Bliillw-*" s-w-
BQI.JlPlo4ENT: AP-l00Mk:c:ka"
HOl.E DIM; 9
REMA1UCS; 0uI1 Will DotnI-HaIc I'c,cat,iI.Hamntclr with T__

AIIaI:hment

llIIS RECORD IS AREASONABLE. !N'IERPREl'ATION
OF SUBSURFACE CONDmONS ATlHEEXPLOAAl1ON
LOCATION, SUBSURFACB CONDl'IlO!oJS AT ':>nIEIl
LOCATIONS AND ATOTHER 'I'IMS MAY DIP'FEIl
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
lRANSmONS BETWEEN STRATA MAY BE GRADUAL

PROJEcr; Cave Buttes TEST PIT NO.; CBDfl-S
COORDN:
COORD£:
EXCAVATED: July 20, 1998
PROJ. NO.: 70241-8-0316.01 PAGE S OF S

kAion:Member1.
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PRJLi.&Ill Layae EaYiroJImcIaJ~
EQUIPMENT: AP-10ll0/Becbr
HOLBDIM.: 9
R.liMARJCS: Dual Wall Down-Hole~HIan"'1'wittl TIlbex

A",~

'HIS RECORO 1$ A RB.ASONADLE INTERPRETA.TION
FSUBSURFACECONDmONS ATTHB EXPLORATION

.t..OCA'IlON. SUBSURfACE CONOmONS ATCITHER
LOCATIONS.AND AT OTHER TIMES MAY DIFllER.
INTERFACES BEWEEN STRATA ARE APPROXIMATE.
TRANsmONS BETWEENSTRATA MAY BE GRADUAL.

r~-: . . ,~., ~. ~ -- -." -~ - -- ' -" ~...... ,-- .. - -.

- - - . - - . ~ - -- - - -- - - - - - - -- -- - --

PROJECI': Cave Buttes TEST PIT NO.: CBDH--6
COORDN:
COORDE:
EXCAVATED: July 16, 1998
Paw. NO.: 70241-8-0316.01 PAGE 1 OF S
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Dltlu..sa: Layue Bln,iu"hliO\llll'Al SMlIca
EQtJIPMalT: AP·I~
HOUiPIM.: 9
RBMABKS; Dull w,n DoMI-HaIc PaClISSiorl~crwilb Tm­

AIIaIlbInaI&
CaveButtea TEST PIT NO.: CBDH-6

••

nus RECORD IS A REASONABLE IN'I'ERPRIt'TATION
OF SUBSURFACE CONDrnONS AT nmEXPLORATION
LOCATION. SUBSURFACB CONDlTlONS AT OTHER
LOCATIONS AND AT On:lER. TIMES MAY DIFFER..
INl'SRPACES BEWEEN STRATA ARB APPROXIMATE.
TRANSII'lONS BETWSEN STRATA MAY BB ORADUAL
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TEST PIT NO.: CBDH-6

LAWGIBP Group Member j,.

PROJECT: Cave Buttes
COORDN:
COORDE:
EXCAVATED: July 16.1998
PRW. NO.: 70241-8-0316.01 PAGE 3 or 5

-LAW[

DR.ILL.ESt: Layae EnviraImaIllII ,...
EQlJ1PMStlT: AP-lOOCllBfldalr
H0L2DIM.: 9
RJiMARJCS: Dual WaD DlIwn-Hllle I'emIssiGn f1_ wiIh TlIIIcIc

A""",,",-

.1OS RECORD 18 ARBASONABL1i INTERPRIfI·A'l10N
OF SUBSURFACE CONDmoNS AT 1lmEXPLORATION
LOCATION. STJBSURFACB CONDITIONS AT OnlBR
LOCAllONS AND AT OTHER TlMFS MAY D.lFFEK.
INI'ERFACSS BEWBBN STRATA ARB APPJ\O~'IMATE.
TRANSmONS BETWF.IiN STRATA MAYBE GaADUAL.••
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• DONALD E. ROSS

• 2226 E. Sunnyside Drive
Phoenix, AZ 85028

Registered Professional Geologist
Certified Senior Property Appraiser

Telephone (602) 992-0758
Fax (602) 482-3220

GENERAL Consultant and owner ofRoss Consulting - specializing in: mine valuation,
• EXPERIENCE: expert testimony, property tax consultation and sand and gravel appraisal. (Since 1973)

Natural Resource Appraisal Supervisor for the State of Arizona - appraisal and cash flow
analysis ofmining and petroleum properties. (1974-88)

Senior Geologist for Inspiration Consolidated Copper Co. - mineral
exploration/development and hydrologic studies. (1967-1973)

•

•

•

•

•

•
•

PROFESSIONAL American Institute ofProfessional Geologists, Number 3223
GEOLOGIST Arizona State Board ofTechnical Registration, Geologist, Reg .13519
REGISTRATION: Idaho State Board ofRegistration ofProfessional Geologists, Reg. 279

California State Board ofRegistration for Geologists, Reg. 4513

APPRAISER Certified Appraiser, State ofArizona, Number 30142
CERTffiCATION: Certified Appraiser, State ofUtah, Number CGO0047299

Accredited Senior Appraiser, American Society of Appraisers, Number 003142

MEMBERSHIP: American Institute ofMining Engineering (AIME), member since 1967

EDUCATION: B. S. Degree - Arizona State University, Major: Geology
Colorado School ofMines, Short Courses
The Lincoln Institute ofLand Policy, "Appraisal ofMining Property"
Society ofMining, Metallurgy and Exploration, Short Course
State ofArizona and International Association ofAssessing Officers, 9 appraisal courses

EXPERIENCE: Consultant/Appraiser, Ross Consulting, 1973 to present

Mine valuation, expert testimony, property tax consultation, ore body appraisal, geologic
evaluation, ore reserve determination, sand and gravel appraisal, implementation of mine
appraisal systems, environmental studies and royalty rate determination.

Natural Resource Unit Supervisor, State of Arizona, 1974 to 1988

Expert witness testimony to defend mine appraisals; economic evaluation and appraisal of
each producing mine in Arizona including analysis ofcosts, revenues and production data; .
development ofcapitalization rates and discounted cash flow analysis; investigation of
hydrologic and environmental factors, analysis ofsuccessful and unsuccessful mining
investment; evaluation of metal price trends and technological advances.



• DONALD E. ROSS

•

•

EXPERIENCE: Inspiration Consolidated Copper Co., Inspiration, AZ, 1967 to 1973

ChiefGeologist. Sanchez Project. AZ - Supervise geology division; prepare hydrology and
environmental reports; prepare geological interpretation for the district;. estimate ore
reserves; coordmate property acquisition; conduct pit planning and feasibility studies.

Project Geologist. Leslie Denn Project. Winthrop, WA - Supervise exploration program,
drilling and geological mapping; correlate geochemical· and geophysical results; study
hydrology; study environmental impact; estimate ore reserves; prepare final geological
report.

Resident Mine Geologist, Inspiration. AZ - Estimate ore reserves; log drill core; stake
mining claims; develop water supply; study environmental impact; prepare geological and
property maps.

•

•

•

•

•

~ Expert witness in court cases regarding appraisal and mine valuation:
EXPERIENCE: American Smelting and Refining Co. v. Pima County, AZ, 1974.

Ranchers Exploration and Development v. Gila County, AZ, 1975.
Cyprus-Pima Mining Co. v. Pima County, AZ, 1976.
Duval Corporation/Mineral Park Mine v. Mohave County, AZ, 1976.
Cyprus-Bagdad Mining Co. v. Yavapai County, AZ, 1977.
Inspiration Consolidated Copper Co. v. Gila County, AZ, 1980.
Inspiration Consolidated Copper Co. v. Gila County, AZ, 1981.
Maricopa County Flood Control District v. R. C. Jones, AZ, 1993.
WharfResources v. Lead-Deadwood School District, SD, 1993.
ASARCO - Ray Mine v. Gila County, AZ, 1996.
City ofPhoenix v. R. Peters, 1997.

EXPERT Arizona Board ofTax Appeals, AZ, expert witness in ninety-three
WITNESS mine valuation cases.
EXPERIENCE: Homestake - McLaughlin Mine v. Lake County,CA.

Sonora Mining Co. - Jamestown Mine v. Toulumne County, CA.
Cyprus-Bagdad Mining Co. v. Yavapai Co., AZ.

PUBLICATIONS: Assessment of Sand and Gravel Resources and Economic Mining Potential:
Fort McDowell Mohave - Apache Indian Community, AZ;
NADSAT project #19; U. S. Department of Commerce

Appraisal Manual for Mines and Natural Resources:
Arizona Department ofRevenue, published from 1979 to 1988.

• Appraisal Manual for Mines and Quarries:
South Dakota, Lawrence County, published 1989 & 1990.

INSTRUCTOR: Mines and Quany Valuation, International Association of Assessing Officers Workshop,
1993-1997.
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