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ABSTRA.CT

Middle Kirkland Creek basin lies at the northern edge of the

Basin and Range province 20 miles southwest of Prescott, Arizona.

The hydrogeologic system of the basin includes two major aqui-

fers: alluvial sediments and basaltic volcanics.

The alluvial sediments are a series of granitic pebble conglom-

erates intercalated with basalt flows in some areas overlaid by fine-

grained lacustrine sediments that grade laterally into a pebble

conglomerate. Overlying these units is a thin narrow deposit of uncon-

solidated sands, gravels, and silts representing the flood-plain alluvium

of Kirkland Creek.

The estimated transmissitivities of the alluvial sediments are as

follows:

Lower Kirkland Valley

Thompsons Valley

75,000 to 100,000 gpd/ft

30,000 to 60 , 000 gpd/ft

Well yields in Lower Kirkland Valley range from 500 to 1200 gpm

and those from Thompsons Valley 200 to 500 gpm. The decreased yields in

Thompsons Valley result from the finer texture of the flood-plain allu-

vium in this area.

The basalt aquifer consists of a series of more than 1000 feet

of fractured basalt flows interbedded with cinder and conglomeratic

layers. The transmissivity of this unit is estimated to range from

viii
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50,000 to 200,000 gpd/ft. Wells drilled in this unit could yield 200 to

1000 gpm depending on the nature of the fracturing.



CHAPTER 1

INTRODUCTION

Purpose and Scope 

The purpose of this study is to quantify the water resources of

the Middle Kirkland Creek basin. The objective includes definition of

the hydrogeologic system, compilation of a water budget for the system,

and delineation of potential water supplies for the basin.

The individual rock units that comprise the hydrogeologic system

will be delineated by detailed geologic mapping, measured sections, and

analysis of existing well logs. The rock units are as follows: recent

flood-plain alluvium, older alluvial valley fill, tuffaceous and basaltic

volcanics, and Precambrian granitic and metamorphic rocks. An attempt

will be made to prepare a water budget by measuring or estimating the

follow -hag flow components:

1. surface water inflow and outflow

2. subsurface inflow and outflow

3. rainfall

4. runoff

5. evapotranspiration

Availability of surface water supplies will be based on existing stream-

flow records and estimates. The quantitative characteristics for each

unit of the aquifer system will be correlated with the geology through

study of groundwater level contours and specific capacity data.

1
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Location and Physiography 

The Kirkland Creek basin is located about 20 miles southwest of

Prescott, Arizona, in Yavapai County (see Fig. 1).

Kirkland Creek rises on the northern flank of the Weaver Moun-

tains and flows north through Peeples Valley. One and one-half miles

south of Kirkland Junction it trends abruptly to the northwest. Farther

downstream, 1.5 miles southwest of the town of Kirkland, Skull Valley

Wash joins Kirkland Creek. Kirkland Creek continues northwest through

Lower Kirkland Valley and Thompsons Valley and joins Sycamore Creek 30

miles due west of Prescott to form the Santa Maria River (see Fig. 2 in

pocket). Kirkland Creek and Skull Valley Wash, its major tributary,

drain an area of approximately 400 square miles.

Throughout much of its length, Kirkland Creek is an ephemeral

stream, as the streamflow occurs in direct response to rainfall events.

However, three reaches of the creek have perennial flow. These reaches

are located two miles south of Kirkland where the creek flows through a

narrow canyon, 11 miles northwest of Kirkland where the creek flows

through a deep gorge in the basalt, and 16 miles northwest of Kirkland

where the creek flows out of Thompsons Valley through a granite narrows.

The subbasin of this report outlined in Figure 3 (in pocket) is

referred to as Middle Kirkland Creek basin. The eastern boundary of the

basin is the Kirkland gap formed by schist blocks located north and

south of the town of Kirkland. The granite narrows at the western end

of Thompsons Valley forms the western boundary. The southern boundary

of the basin is formed by the Weaver and McCloud mountains and the
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Fig. 1. Location of Middle Kirkland Creek basin, Yavapai
County, Arizona.
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northern boundary by Tank Creek Mesa, South Bald Mountain, and Martin

Mountain. The total drainage area of this subbasin is approximately 135

square miles.

Physiographically, Middle Kirkland Creek basin lies in a linear

depression that strikes northwest-southeast at the northern edge of the

Basin and Range Province in what Ransome (1923) termed the Mountain

Region (see Fig. 4). The mountains forming the basin are composed of

granite with some schist at the eastern extremity. The central portion

of the basin is covered by a thick series of volcanic rocks that divide

Lower Kirkland and Thompsons Valleys.

The mountains forming the watershed are 5000 to 6000 feet above

sea level. The valley floor is from one to two miles wide and slopes

from 3900 feet at Kirkland to 3500 feet at Yava, 18 miles northwest of

Kirk/and.

History of Settlement 

The discovery of gold in the Prescott area in early 1863 prompted

a large influx of settlers into the surrounding area. One such settler

was William H. Kirkland, the first man to raise the American flag over

Tucson and the first American to be married in Arizona (Granger 1960).

Late in 1863 Kirkland and his family moved to the valley that now bears

his name and built a prosperous stage station. Other settlers in the

area took up cattle or sheep ranching, farming, and lumbering. The areas

of Lower Kirkland Valley and Skull Valley were also prized by the

Yavapai Indians as a productive hunting area. Conflict was inevitable.
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Fig. 4. Physiographic provinces of Arizona. -- After Ransome 1923.
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Army posts were established near the present day towns of Skull

Valley and Date Creek, and the Indians were subdued after several minor

skirmishes. By 1871 an Indian reservation had been located at Date

Creek. The number of Indian encounters had begun decreasing as early as

1870, and settlers had started moving north from Date Creek into Thompsons

Valley. This valley derives its name from Major John Thompson of the

First New Mexico Volunteers, who had numerous confrontations with the

Yavapais in the area (Granger 1960).

Climate and Vegetation 

Middle Kirkland Creek basin is semiarid. Major precipitation

occurs in summer and winter. About 45% of the total precipitation falls

during July, August, and September in the form of high intensity, con-

vective thunderstorms. Another 45% occurs from November to March.

April, May, and June are dry months and contribute only about 10% of the

total annual rainfall.

Two weather stations are located within the study area: Hillside

4NNE at the western edge of the basin and Yava 6ESE near the center of

the basin (see Fig. 3 for locations). The average annual precipitation

is 13.89 inches and 14.25 inches at the Hillside and Yava stations, res-

pectively. The mean annual temperature is 59.4°F. at the Hillside sta-
tion. The above data is based on 27 years of record at the Yava station

and 19 years at the Hillside station. Figures 5 and 6 summarize the

monthly averages at the Hillside and Yava stations.

The vegetation in the Kirkland area can be classified into two

major types: chaparral and grassland. Figure 3 (in pocket) shows the
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Fig. 5. Average monthly precipitation plot for Hillside 4NNE and
lava 6ESE weather stations, Yavapai County, Arizona.
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Fig. 6. Average monthly temperature plot for Hillside IINNE weather
station, Yavapai County, Arizona.
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approximate areal distribution of the chaparral and grassland vegetation

as detailed by Humphrey (1964). The grassland's vegetation is largely

confined to the high flat tops of basaltic mesas and consists of a vari-

ety of grasses, prickly pear cacti, and yuccas. The chaparral type oc-

cupies the valley slopes and bottom lands and consists of scrub oak,

canotia or crucifixion thorn, manzanita, and catclaw or wait-a-minute

bush. Cottonwoods, mesquite, and desert willow are abundant along

Kirkland Creek and some tributary washes.

Agriculture 

Approximately 1000 acres of land are being irrigated in Middle

Kirkland Creek basin. Much of this land occupies the present, relative-

ly fertile floodplain of Kirkland Creek. An estimated 300 acres are ir-

rigated by sprinklers while the remaining 700 acres are flood irrigated.

These irrigated areas provide grass pastures for range cattle and produce

large quantities of hay and alfalfa for winter feed. Generally no other

cash crops are grown in the area.

Previous Investigations 

Although no hydrogeology or water supply reports have been pub-

lished on the Middle Kirkland Creek basin, several reports on nearby

regions describe similar areas. One early report, Babcock and Brown

(1947), describes the hydrogeology and water resources of Peeples Valley

or Upper Kirkland Creek basin. Another more recent report, Anderson,

Scholz, and Strobell (1955), describes the geology of the Bagdad area,

located about 29 miles northwest of Kirkland. The Cenozoic basaltic and
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tuffaceous volcanics and sedimentary rocks discussed in Anderson's re-

port appear to correlate with some of the rocks in the area of this

report. Most recently, Davidson (1973) reported on the hydrogeology of

the Big Sandy area, about 60 miles west of Kirkland. The stratigraphy

of the Cenozoic volcanic and sedimentary rocks also appears to be simi-

lar to that found in the Middle Kirkland Creek basin.

No detailed geologic maps are available for the area of Middle

Kirkland Creek basin. However, the Arizona Bureau of Mines (1958) has

published a geologic map of Yavapai County, Arizona, at the scale of

(1:375,000). The area north of the Middle Kirkland Creek basin has also

been mapped at a scale of (1:62,500) by Krieger (1967a, 1967b).



CHAPTER .2

BASIN GEOLOGY

Geologic History 

The basement complex exposed in the Middle Kirkland Creek basin

consists of a series of Precambrian metamorphic rocks that were later

intruded by a granite. An erosional surface with relief of several hun-

dred feet developed on these Precambrian rocks until probably the Plio-

cene (Lance 1960). During the Pliocene, lava flows, tuff deposits, and

volcanic cones dammed the major drainage ways in the Kirkland area, de-

positing lacustrine gravels, sands, and silts over an older conglomeratic

valley fill. The intercalated nature of the volcanic rocks and sediments

in some areas and in some well logs is evidence that the process was re-

peated several times. This depositional stage was terminated by another

period of vulcanism that produced extensive, thick basalt flows that

covered much of the region. More recently, the area has undergone se-

vere erosion and stream down cutting. However, the pre-depositional

land surface has not been completely exhumed.

Geologic Units 

Precambrian Metamorphic Complex

All metamorphic rocks, regardless of texture or chemical compo-

sition, were mapped as the Precambrian metamorphic complex (see Fig. 7

in pocket). The complex is comprised mainly of a greenish-gray mica

11
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schist and a medium-grained granodiorite gneiss. These two units prob-

ably correspond to the Anderson et al. (1955, pp. 11 and 17) Hillside

Mica Schist and Granodiorite Gneiss. Good exposures of the mica schist

occur in the road and rail cut located in sec. 32, T. 13 N. R. 4 W.,

2.5 miles northeast of Kirkland; the gneiss is visible in the eastern

portion of the same section. Another outcrop of metamorphic rock, prob-

ably an extension of this gneiss and schist, is located southwest of

Kirkland. These two outcrops form the Kirkland gap.

Precambrian Granite

Precambrian granite is the main rock type of the mountains sur-

rounding Middle Kirkland Creek basin. The granite is a porphyritic bio-

tite-muscovite granite with large phenocrysts of orthoclase and probably

correlates With the Lawler Peak Granite described by Anderson et al.

(1955, p. 18). The granite in the area is highly fractured and weathered

into rounded masses and boulders typical of granitic terrains. It ap-

pears to be discordant to the metamorphic rocks in the area and there-

fore intruded the metamorphic complex at a later time.

Volcanics

The eastern region of Middle Kirkland Creek basin was the site

of intensive volcanic activity sometime in the Pliocene. The area con-

tains at least 350 feet of volcanic tuffs with some thin basalt flows

and intercalated conglomeratic sediments. The type section for this

area is a faulted diatreme located in sec. 33, T. 13 N. R. 4 W., strik-

ing N45°E dipping 25 to 350 NE.



Type section:

unit	 description	 thickness

1. Basalt agglomerate 	 unknown

2. Conglomerate, subangular pebble to cobble

sized granite and schist, and some cinder

fragments. Soft and crumbly.	 60 ft.

3. Basalt, massive with weathered olivine

crystals. Agglomeratic at top where it

grades into a tuff.	 15 ft.

4. Whitish tuff, base of tuff composed mostly

of cobble to boulder sized pieces of basalt

grading upward into pebble sized granitic

and schistic subangular material in a whitish

tuff (ash?) matrix. This zone is approximately

60% tuff, 40% rock fragments. Medium hardness. 30 ft.

5. Tan tuff, hard vitric glass chards containing

about 40 to 60% rock fragments of basalt,

granite, and schist.	 30 ft.

6. Whitish tuff, same description as unit 4.	 40 ft.

7. Tan tuff, same description as unit 5. 	 80 ft.

8. Whitish tuff, same description as unit 4. 	 50 ft.

	

9.	 Basalt, dark gray with some fracturing. 	 20-60 ft.

The rocks at the type section are only slightly jointed. Well

logs from the Kirkland area indicate that the tuff underlies much of

13
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the Kirkland gap area and therefore is assumed to rest unconformably on

the Precambrian metamorphic complex as shown in Figure 9, geologic cross-

section A-A'.

The central and south central part of the basin contains another

major area of volcanic rock as shown in geologic cross-section C-C'.

Drillers' logs from wells (B-13-6)25dbd and 14bbd (see Table 5 in the

Appendix) record more than 1000 feet of basalt flows, cinder beds, con-

glomerates, and thin tuff beds. To the north these volcanic rocks are

breached by Kirkland Creek, exposing a section of about 300 feet.

This section reveals the cinder layers to be pyroclastic cones

and agglomeratic units of limited lateral extent. The tuff layers are

thin, horizontally-bedded units two to six feet thick. The basalt lay-

ers are essentially horizontal and highly jointed. Farther north and

east the volcanic rocks are intercalated with conglomeratic sediments.

The log of well (B-13-5)34ca shows at least three zones of conglomerate

capped by basalt. The volcanics in this area probably correspond to the

Anderson et al. (1955, p. 26) Wilder Formation.

A third area of volcanic rock occurs in the north central por-

tion of the basin. Basalt flows five to 100 feet thick cap all the

mesas to the north and overlie other older volcanic rocks and conglomer-

atic sediments in many places. The basalt is dark gray to gray, fine-

grained, and contains some amygdules of calcite in various features and

vesicules. It probably corresponds to the Anderson et al. (1955, p. 27)

Sander's Basalt. Total aggregate thickness of the unit is 200 to 1 00 feet.
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Older Valley Fill

The older valley fill was probably deposited in a closed basin

formed after volcanic activity blocked the paleodrainage in the area

sometime in the Pliocene. It includes units resembling the Big Sandy

Formation, older underlying conglomerates, interbedded basalt, and tuff

layers as described by Sheppard and Gude (1972).

The upper part of the older valley fill consists of blue, green,

and tan lacustrine mud, silt, and sandstones that appear to grade later-

ally into a tan pebble conglomerate. Good exposures of this lateral

change can be seen in secs. 30 and 33, T. 13 N. R. 4 W. Good exposures

of the fine-grained facies appear in the road cuts in sec. 33, T. 13 N.

R. 4 W. An enlargement of a spring in sec. 2, T. 13 N. R. 6 W. reveals

about 40 feet of blue-green mudstone in the lacustrine facies of the

valley fill.

The lower part of the older valley fill is not visible anywhere

in the basin. However, many of the wells in the area penetrate these

lower units, which consist of alternating layers of basalt and conglom-

eratic valley fill. In some areas the number of basalt layers may be

as great as four or five layers 10 to 20 feet thick as seen in the

drillers' logs from wells (B-13-5) 34ca and 35acc. In another area, the

log of well (B-13-5)ada shows that the basalt unit is a single layer 150

feet thick. The conglomeratic layers are composed of granitic and some

basaltic pebble-sized material that becomes more angular with depth, in-

bedded in a sandy, slightly lithified matrix. Several wells in the area

have penetrated the older fill and reveal that the thickness ranges from

200 to 500 feet along the basin axis. The total aggregate thickness,
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including the coarse-grained facies of the upper units along the margins

of the basin, is more than 800 feet. The inferred stratigraphic relation-

ships of the older valley fill and other units in the Middle Kirkland

Creek basin are shown in Figure 9, geologic cross-sections A-A', B-B',

C-C', and D-D'.

Associated with the older valley fill are two areas of altered

tuff in secs. 12 and 13, T. 13 N. R. 6 W. and secs. 33 and 34, T. 13 N.

R. 5 W. The 100 to 200 feet of tuffs were formed either by direct ash

fall into a lake or by a reworked deltaic deposit consisting of ash and

granite fragments. After deposition the tuffs were zeolitized by a

highly saline and alkqline pore water probably associated with the closed-

basin lakes formed in the area during the Pliocene. These altered tuffs

appear to correspond with Sheppard and Gude's (1973) zeolitic tuffs in

the Big Sandy area.

Recent Flood-Plain Alluvium

The recent alluvium in the Middle Kirkland Creek basin is essen-

tially a flood-plain deposit of granitic detritus from the surrounding

mountains and reworked older valley fill. In most reaches of Kirkland

Creek the stream has entrenched itself five to 20 feet forming the lower

of two terraces in the alluvial sediments of the basin. The most recent

down cutting of Kirkland Creek, begun between 1900 and 1920, was the

result of increased runoff caused by overgrazing. The lower, younger

terrace is from five to 20 feet below the level of the upper terrace

which was cut during the Pleistocene into the upper parts of the older

valley fill. The alluvium consists of unconsolidated, light tan to tan,
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moderately well-sorted, well-rounded to subrounded gravels, sands, and

silts. The thickness of the unit ranges from 10 to 50 feet, averaging

30 feet.

The recent alluvium in Lower Kirkland Valley contains a larger

percentage of coarse sands and gravels than the alluvium in Thompsons

Valley. The Kirkland area receives coarser materials because of its

close proximity to the Weaver Mountains and Kirkland Peak area. The

lacustrine facies of the older valley fill has also been largely eroded,

removing a source of fine-grained material. In contrast, Thompsons

Valley is not surrounded by major source areas of coarse material and

the fine-grained facies of the older fill has not been eroded.

Structure 

Most of the geologic structural features in the Middle Kirkland

Creek basin were formed during late Larimide orogenic movements. The

granitic rocks of the basin have three fracture orientations. Two of

the orientations show strong development; the third is weakly developed.

Measurements of the orientations taken from Figure 8, an aerial photo-

graph of the area, are N250W, N50 to 70°W, and a weak N40°E. The faults
mapped on Figure 7 (in pocket) conform to this pattern.

The sharp contact between volcanic rocks that constitute one-

half of a diatreme and the metamorphic body to the west is evidence of

the existence of a north-south normal fault at the eastern edge of the

basin. The metamorphic rocks along the fault are extremely fractured

in a zone 200 to 1 00 yards wide and indications of mineralization occur
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in sec. 5, T. 12 N. R. 4 W. The western portion of the diatreme probably

was uplifted by the western block and subsequently eroded.

The other major structural feature in the basin is a northwest

trending normal fault forming the northern edge of the older valley fill

in the Kirkland area. Evidence for this fault is the discordant contact

of the nearly horizontally-bedded coarse facies of the upper part of the

older valley fill, the metamorphic body, and several narrow remnants of

tuff and basalt along the fault. Farther to the northwest the fault

brings into discordant contact a basalt layer underlain by a tan vitric

tuff and the Precambrian granite (see Fig. 9, cross-section B-W). The

fault appears to be nearly vertical in the area with a narrow fracture

zone one to three yards wide. The continuation of the fault zone is

obscured by thick conglomeratic and basaltic units to the northwest.



CHAPTER 3

AQUIFER SYSTEM HYDROLOGY

Water-Bearing Characteristics 

Because pumping tests have not been conducted in the Middle

Kirkland Creek basin, the aquifer characteristics, i.e., its water trans-

mitting and storage properties, were estimated. Hydraulic conductivity

and porosity were determined by relating the grain size, sorting, and

degree of fracturing in road, rail, and stream cuts and surficial out-

croppings of the water-bearing formations to published determinations.

Well logs were used to obtain the vertical distribution and size of

materials that comprise the aquifers. Specific capacity data, where

available, was also incorporated into the analysis.

Precambrian Schist and Granite

Individual unfractured samples of the granite and metamorphic

rocks of the Middle Kirkland Creek basin have virtually no permeability.

Due to the intense fracturing, especially in the granite, the overall

permeability of the Precambrian rocks is about 10 ft/day (75 gpd/ft2 ) 1

(Davis and DeWiest 1966, p. 323). Well yields probably range from 5 to

20 gpm. The only well which yields water from the Precambrian rocks was

1. The USGS recommends ft/day as the standard unit of hydraulic
conductivity (permeability) replacing gpd/ft2 . 1 ft/day 7.48 gpd/ft2 .

20
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drilled in sec. 13, T. 12 N. R. 5 W. to supply water to a now defunct

mine.

Tuffaceous and Basaltic Volcanics

The tuffaceous volcanics cropout in sec. 6, T. 12 N. R. 4 W. and

underlie the flood plain of Skull Valley Wash at a depth of from 50 to

200 feet. The tuff comprises one of two aquifers in the Kirkland Gap

area, the only area where it is utilized. The outcropping tuff is dense

with few fractures. Winograd (1971) found in his study of tuffaceous

rocks as aquifers that these kinds of ash flow tuffs have a porosity of

10 to 20% and a permeability of an unfractured sample near zero. How-

ever, because of the limited fracturing observed in the tuff outcrops,

the permeability of the unit is estlmsted to be 10 ft/day (75 gpd/ft 2 )

(LoYormn 1972, p. 53; fine-very fine sand). The transmissivity of the

300 to 400 feet of tuff is therefore 20,000 to 30,000 gpd/ft. This

range of transmissivity is in agreement with the specific capacities of

6 gpm/ft reported for wells that penetrate about 100 feet of tuff in the

Kirkland area. Wells drilled in the tuff unit yield 5 to 15 gpm and are

used for stockwater and domestic supply.

Recharge to the tuff aquifer is derived chiefly from stream-bed

recharge in Skull Valley Wash and also from underflow through Kirkland

gap. An unknown but potentially large quantity of recharge to the tuff

aquifer could come from the northwest trending normal fault forming the

north boundary of Kirkland gap.

The basaltic volcanics in the basin cover an area of approxi-

mately 25 square miles separating Kirkland and Thompsons valleys. The



22

basalt is a source of stockwater, leaving large-scale production un-

tested. However, in the 1940's well (B-13-6)14bbd was drilled through

440 feet of basalt about 500 feet from Kirkland Creek. When tested, the

well produced 21 gpm and drew down 170 feet. The results could either

indicate that the fractured zones in the basalt are limited in areal ex-

tent and the well is not in hydraulic connection with Kirkland Creek or

the well was not fully developed when tested. The poor specific capacity

of the well, which reportedly was drilled with a rotary rig, could be

explained by the possibility of a thick mud cake encrusting the well

bore.

Bulk porosity of the basalt section exposed in the canyon cut by

Kirkland Creek is estimPted to be 10%. The permeability of the basaltic

volcanics could range from 10 to 50 ft/day (75 to 375 gpd/ft2 ) depending

on the areal extent and nature of the fracturing. This range of permea-

bility is near the mean for basalt aquifers having similar properties

(Wenzel 1942, p. 13).

Recharge to the basaltic aquifer occurs along the boundary of

the aquifer in the form of runoff from the Weaver and McCloud mountains.

Some recharge also occurs in the stream channels draining the 25 square

miles of outcrops.

Alluvial Sediments

The older valley fill and recent flood-plain alluvium represent

the major water-producing units in the Middle Kirkland Creek basin.

They are grouped under the heading of Alluvial Sediments because most

wells penetrate both formations.
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The lacustrine facies of the older valley fill consists of fine-

grained sand, silt, and clay. It has an estimated hydraulic conductivity

of 5 to 20 ft/day (4o to 150 gpd/ft2 ), therefore yielding only moderate

amounts of water (Lohman 1972, P. 52; Davis and DeWiest 1966, p. 375).

The pebble conglomerate facies of the upper part of the older valley

fill is estimated to have a hydraulic conductivity of 30 to 100 ft/day

(220 to 750 gpd/ft2 ) and a porosity of 20%. The underlying sandy-gravel

conglomeratic portion of the older valley fill has an estimated trans-

missivity of 30,000 to 60 , 000 gpd/ft. The unconsolidated sands, silts,

and gravels that comprise the recent flood-plain alluvium in Lower

Kirkland Valley probably have an overall hydraulic conductivity of 500

ft/day (3700 gpd/ft2 ) and a transmissivity of 75,000 gpd/ft. These fig-

ures are in agreement with those published by Lohman (1972, p. 53). As

a unit, the older fill and recent alluvium have a transmissivity of

approximately 75,000 to 100,000 gpd/ft and a porosity of 20 to 30%. The

high transmissivity values postulated are substantiated by the excellent

yields and specific capacities for irrigation wells drilled in these

sediments. Well yields of 500 to 1200 gpm are common. However, some

wells yield less than 500 gpm because they penetrate finer-grained sedi-

ments or thinner recent alluvium. The range of specific capacities is

18 to 40 gpm/ft with a median of 20 gpm/ft.

The recent alluvium in Thompsons Valley probably has a hydraulic

conductivity of 200 ft/day (1500 gpd/ft2 ) and a transmissivity of 30,000

gpd/ft. The older fill and recent alluvium, as a unit, have a trans-

missivity of 30,000 to 60,000 gpd/ft and a. porosity of 20 to 30%.



Specific capacities in Thompsons Valley range from 6 to 20 gpm/ft with

well yields of 200 to 500 gpm.

The alluvial sediments are recharged by channel infiltration

from Kirkland Creek, Skull Valley Wash, and other tributaries. Because

of the high potential evapotranspiration in the area, direct precipita-

tion recharge is insignificant. Ranchers in the area have reported that

one or two days after a large runoff the water levels in wells near the

stream channel rise several feet. Clyma and Shaw (1968) showed that

similar rises along the Santa Cruz and Rillito rivers were responsible

for most of the recharge to the Tucson Basin.

Groundwater Movement

Figure 7 contains a water level contour map based on water level

measurements taken by the author during June 1973 (see Table 6 in the

Appendix). The general configuration of the watertable shows that

Kirkland Creek is a gaining stream, one that obtains part of its water

from the groundwater table. Areas of recharge include the mountains and

mesas surrounding Middle Kirkland Creek basin. The discharge area is

Kirkland Creek. A zone of high transmissivity, delineated by the widely

spaced water-level contours, coincides with the basin axis and Kirkland

Creek.

The slope of the watertable increases toward the basin margins

because of the lower transmissivity of the Precambrian rocks and the

thinning of the sedimentary deposits. Another zone of high transmis-

sivity is found in the basaltic area In the south central part of the
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basin. Though several stockwater wells are located in the area, water

levels for these wells have not been taken. The contours are based on

geologic evidence in the stream gorge to the north and existing well

logs.

Potential Volume for Groundwater Withdrawal 

The total volume of groundwater that might be pumped from Middle

Kirkland Creek basin, assuming no recharge, is dependent on the saturated

thickness and specific yield of the aquifers. According to geological

evidence, the saturated thickness of the aquifer system is about 400

feet. The specific yield is estimated to be 10%, which is within the

10 to 15% range used by Davidson (1973, p. 33). The total volume of re-

coverable groundwater in the basin is estimated to be about 1 million

acre-feet. However, this quantity of water may be uneconomic because of

the high cost of drilling the necessary wells and/or the high pumping

costs to completely dewater the system. A more tenable approach to the

problem involves the concept of an equilibrium state. Theis (1940,

p. 277) stated that "Under natural conditions . . . aquifers are in a

state of approximate dynamic equilibrium. Discharge by wells is thus a

new discharge superimposed upon a previously stable system, and it must

be balanced by a decrease in the old natural discharge . . . or by a

combination of these." Because the Middle Kirkland Creek basin is in a

state of dynamic equilibrium, increased pumpage must be offset by in-

creased recharge or decreased discharge to maintain this state. Lower-

ing the watertable in both Lower Kirkland and Thompsons valleys,
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especially near Kirkland Creek, would increase the recharge potential by

increasing the storage volume in the sediments near the creek. The

lower water -table would lessen or eliminate evapotranspiration from phrea-

tophytic vegetation, and surface water outflow would also decrease.

Surface water outflow and evapotranspiration could be reduced

by about 3000 acre-feet per year and recharge increased by about 3000

acre-feet per year. Thus, a total of 6000 acre-feet per year could be

pumped from the basin with little effect on the basin equilibrium.



CHAPTER 4

STREAMFLOW

Kirkland Creek is a gaining stream and is perennial in three

reaches in the Middle Kirkland Creek basin. Streamflows, through the

Precambrian rocks at either end of the basin, result from groundwater

being constricted and forced to the surface by these relatively imperme-

able rocks. Flow in Kirkland gorge could either result from water mov-

ing through the basalt to a point of discharge or an impermeable zone in

the basalt forcing water moving down gradient from Lower Kirklnnd Valley

to the surface. Further subsurface information would be needed to de-

fine the hydrogeologic system in this area although the basalt is proba-

bly too fractured to create an impermeable barrier.

The U.S. Geological Survey (USGS) has installed a gaging station

on the eastern perennial reach in the NE*, NE*, SE*, sec. 12, T. 12 N.

R. 5 W. The station is not yet fully calibrated; however, monthly dis-

charge measurements taken from February 9, 1973 through April 30, 1974

are presented in Table 1.

Baseflay

Most of the discharges presented in Table 1 represent baseflow

in Kirkland Creek. At Yava 6ESE, the nearest weather station to the

Kirkland gage, total rainfall from February 1973 through April 1974 was

near the average. Therefore, the most frequently occurring baseflows

27
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Table 1. Discharge measurements of Kirkland Creek, Yavapai County,
Arizona.

Date Location Discharge Source How Measured

6/72 NE -NET1SEI.,
sec. 12

1.5 Randall estimated

T12N	 R5W
7/24/72 do. 1.33 do. V-notch weir
2/9/73 do. 2.96 USGS permanent weir
4/12/73 do. 4.54 do. do.
4/27/73 do. 3.73 do. do.
6/1/73 do. 3.17 do. do.
6/27/73 do. 2.38 do. do.
7/24/73 do. 2.64 do. do.
8/13/73 do. 785.00 do. do.
8/16/73 do. 44.20 do. do.
8/30/73 do. 2.39 do. do.
10/2/73 do. 1.88 do. do.
10/29/73 do. 2.52 do. do.
12‘3/73 do. 2.86 do. do.
1/4/74 do. 2.84 do. do.
2/5/74 do. 3.38 do. do.
3/5/74 do. 2.84 do. do.
4/1/74 do. 2.57 do. do.
4/30/74 do. 2.70 do. do.

6/16/73 NWi-NEtSE*
sec. 20

3.00 Randall estimated

T13N	 R5W

6/9/73 NWiSE&W*
sec. 14

2.00 do. do.

T13N R6W

6/7/73 S48W*SEi
sec. 9

1.50 do. do.

T13N	 R6W

8/11/72 SEII-S4NW*
sec. 5

0.50 do. V-notch weir

T13N	 R6W
6/7/73 do. 1.50 do. do.
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during the same period, 2 to 3 cfs, should represent values near the

mean discharge.

Precipitation records also reveal that the average total rain-

fall for January through July is about seven inches. However, in 1972

the total rainfall for that period was about 3.4 inches, half the average

total. January through March, critical groundwater recharging months

because of lower evapotranspiration rates, had no recorded rainfall.

The value of 1.33 cfs recorded on July 24, 1972, then, could represent

the minimum baseflow expected for Kirkland Creek at the eastern entrance

to the basin. The 0.5 cfs discharge in the SEt, SE*, NW*, sec. 5, T. 13

N. R. 6 W., during July 1972 is the smallest expected discharge of

Kirkland Creek at the western edge of the basin.

Estimates of streamflow in other reaches of Kirkland Creek during

June 1973 tend to correlate with the USG'S measurements. The decrease in

baseflow from east to west in the basin is probably the result of water

uptake by a dense stand of mesquite and cottonwoods near the west end of

the basin. This area of phreatophytic vegetation is shown in Fig. 7.



CHAPTER 5

WATER BUDGET ANALYSIS

Inputs to the hydrologic system include precipitation, underflow

in, and surface inflow. After entering the basin or system, they are

allocated to the system outputs--underflow out, evapotranspiration, and

surface outflow. Because water levels in the basin have remained stable

for the last 50 years, the system is assumed to be in equilibrium, where

the input volume equals the output volume. The water budget analysis is

illustrated schematically in Fig. 10.

Precipitation 

Total precipitation falling on Middle Kirkland Creek basin was

determined using the isohyetal method outlined in Linsley, Kohler, and

Paulhus (1958, pp. 35-36). The isohyets in this report, taken from the

normal annual precipitation maps of Arizona (University of Arizona 1965a,

1965b), are shown in Fig. 3 (in pocket). The results of this analysis

yielded an average of 16 inches of rain over the 135 square mile basin

area. Total volume of precipitation equaled 115,000 acre-feet per year.

Groundwater Underflow In 

Groundwater underflaw into the basin was calculated to be 2800

acre-feet per year using the formula Q=P I A where:

30
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Q: discharge in acre-feet per year.

P: permeability of the sediments in feet per day estimated

from the inferred geology.

I: hydraulic gradient in feet per feet measured from Fig. 7

(in pocket) as the drop in the watertable elevation per

horizontal unit distance.

A: cross-sectional area estimated from inferred subsurface

geology and surface width.

The underflow is derived from three sources: Kirkland Creek, Skull

Valley Wash, and Kirkland gap. The values used in the calculations and

the results are as follows:

Kirkland Creek

P: 500 ft/day (coarse-very coarse sand: Lohman 1972)

I: 40 ft per 4000 ft

A: 750 ft2

Q= 30 acre-feet per year

Skull Valley Wash

P: 500 ft/day (coarse-very coarse sand: Lohman 1972)

I: 25 ft per 5000 ft

2
A: 10,000 ft

Q= 200 acre-feet per year
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Kirkland gap

P: 10 ft/day (fine sand: Lohman 1972)

I: 50 ft per 4500 ft

A: 2.8 x 106 ft2

Q = 2600 acre-feet per year

Surface Inflow

Surface inflow is assumed to be equal to surface outflow and

will be discussed under the heading of Surface Outflow.

Groundwater Underflow Out 

The underflow out was calculated in the same manner as underflow

in and was found to be 400 acre-feet per year. The values used in the

calculation are as follows:

Kirkland Creek

P: 500 ft/day (coarse-very coarse sand: Lohman 1972

I: 40 ft per 4000 ft

A: 10,000 ft2

Q = 400 acre-feet per year

Evapotranspiration 

Evapotranspiration from the basin was divided into three cate-

gories: the portion of the total precipitation evaporating directly from

the soil surface or consumed by the vegetal ground-cover; groundwater

transpired by phreatophytes; and the portion of the irrigation water con-

sumed by the agricultural crops or evaporating from the soil surface.
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Approximately 92% of the precipitation falling on the basin,

106,000 acre-feet of water, is lost to evapotranspiration. This esti-

mate is based on calculations for similar areas such as Sabino and Sonoita

creeks. According to a land-based survey, phreatophytes--cottonwood,

mesquite, and willow--cover approximately 1.6 square miles (see Fig. 7

in pocket). The average density of the vegetation was estimated to be

80%. McDonald and Hughes (1968) measured the water use of phxeatophytic

vegetation to be five feet per year. Therefore, the water loss due to

phreatophytes in the Middle Kirkland Creek basin is 4000 acre-feet per

year.

Ranchers in the area reported that water withdrawal from ground

and surface water sources is approximately 4400 acre-feet per year. Ac-

cording to the average value used throughout Arizona at the present time,

about 70% of this irrigation water is consumed and 30% recharges the

watertable. The effective pumpage that is lost from the system, there-

fore, is 3100 acre-feet per year.

The total evapotranspiration for the basin from all components

is equal to 113,000 acre-feet per year.

Surface Outflow 

The USGS collected total monthly discharges at lava bridge for

water years 191.1.1 and 1942 (see Table 2), but no precipitation data for

the Hillside or lava weather stations for those years is available. A

tabulation of the precipitation records for stations surrounding Middle

Kirkland Creek basin is presented in Table 3.
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Table 3. Summary of precipitation records for weather stations
surrounding Middle Kirkland Creek basin, Yavapai
County, Arizona.

Bagdad	 mean annual rainfall	 13.6 inches

water year '41	 26.0 in.

water year '42	 10.8 in.

Crown King	 mean annual rainfall	 27.7 inches

water year '41	 43.9 in.

water year '42	 23.6 in.

Prescott	 mean annual rainfall	 19.3 inches

water year '41	 29.8 in.

water year '42	 14.0 in.

Walnut Creek	 mean annual rainfall	 16.9 inches

water year '41	 24.8 in.

water year '42	 12.2 in.

Walnut Grove	 mean annual rainfall	 16.7 inches

water year '41	 29.8 in.

water year 142	 16.4 in.

Wickenburg	 mean annual rainfall	 11.0 inches

water year '41	 20.6 in.

water year '42	 8.5 in.

36
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All stations reported almost twice the mean precipitation for

water year 1941 and slightly less than the mean for water year 1942.

The major difference is due to the abnormally large amounts of winter

rain in water year 1941 and very little winter rain in 1942.

The average annual discharge of Kirkland Creek, then, would be

slightly greater than in water year 1942 and substantially less than in

1941.

The estimated average yearly discharge of Kirkland Creek is

11.500 acre-feet per year. This value--4% of the total precipitation that

falls on the basin--is in the range of 3 to 5% used for similar basins

in Arizona.

Because better estimates cannot be made with the present data,

surface inflow has been set equal to surface outflow. This assumption

neglects the volume of water actually falling on the basin that contrib-

utes to runoff. However, this volume is small and would have no signif-

icance in the overall analysis.

Table 4 summarizes the results of the water budget analysis.

The estimates of the individual inputs and outputs are probably accurate

to ± 10 to 20%, making the 3% discrepancy between total volume of system

inputs and outputs good for this analysis.



Table 4. Summary of the water budget analysis for Middle Kirkland
Creek basin, Yavapai County, Arizona.

System Inputs 

Precipitation	 115,000 acre-feet

Groundwater Underflow In	 2,800 af

Surface Inflow	 4 600 af

Total 122,000 af

System Outputs 

Groundwater Underflow Out	 400 acre-feet

Evapotranspiration

Direct Precipitation	 106,000 af

Phreatophytes	 4,000 af

Irrigation Consumption	 3,000 af

Surface Outflow	 I , 600 al

Total 118,000 af

System Coefficients 

92% total precipitation to evapotranspiration

4% total precipitation to runoff

4% total precipitation to recharge

38



CHAPTER 6

SUMMARY AND CONCLUSIONS

The basement complex exposed in the Middle Kirkland Creek con-

sists of a series of Precambrian metamorphic and granitic rocks. An

erosional surface with relief of several hundred feet developed on these

rocks until probably the Pliocene. During the Pliocene, lava flows, tuff

deposits, and volcanic cones dammed the major drainage ways in the

Kirkland area creating closed-basin lakes in which gravels, sands, and

silts were deposited. Another period of vulcanism terminated this depo-

sitional stage. More recently, the area has undergone severe erosion

and stream down cutting, but the predepositional land surface has not

been completely exhumed.

The hydrogeologic system in Middle Kirkland Creek basin includes

two major aquifers: alluvial sediments and basaltic volcanics.

The alluvial sediments are essentially a series of granitic peb-

ble conglomerates intercalated with basalt flows in some areas overlaid

by fine-grained lacustrine sediments that grade laterally into a pebble

conglomerate. Overlying these units along Kirkland Creek is a thin nar-

row deposit of unconsolidated sands, gravels, and silts representing the

flood-plain alluvium of Kirkland Creek. The recent alluvium in Lower

Kirkland Valley contains a larger percentage of coarse sands and gravels

than in Thompsons Valley.

39



1+o

The estimated transmissivities of the alluvial sediments are as

follows:

Lower Kirkland Valley	 75,000 to 100,000 gpd/ft

Thompsons Valley	 30,000 to 60 , 000 gpd/ft

The basalt aquifer consists of a series of more than 1000 feet

of fractured basalt flows interbedded with cinder and conglomeratic

layers. The transmissivity of this unit is estimated to range from

50,000 to 200,000 gpd/ft depending on the areal extent, nature, and in-

terconnection of the fracturing.

Lower Kirkland Valley, Thompsons Valley, and the volcanic area

in the center of the basin are three potential development areas in the

Middle Kirkland Creek basin.

The fine-grained lacustrine deposits of the older valley fill

have been largely eroded in Lower Kirkland Valley. The remaining lower

conglomeratic portion of the older valley fill and the coarse sands and

gravels of the recent flood-plain alluvium represent the most productive

aquifer system in the basin. Most wells penetrating these units produce

500 to 1200 gpm. However, two factors may limit this area's increased

production. First, the aquifer is only 0.5 to 1.5 miles wide. This

limited areal extent has already been realized by ranchers whose irriga-

tion wells have suddenly decreased in discharge at the end of particular-

ly dry growing seasons due to the boundary effect. Second, the density

of irrigation wells in the area is high. An increase in the number of

wells could create adverse interference effects in existing wells. In-

creased pumpage would not affect the 2 to 3 cfs baseflow in Kirkland
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Creek at the eastern edge of the basin. Baseflow through the basalt

gorge in the center of the basin may, however, decrease.

Well yields in Thompsons Valley, ranging from 200 to 500 gpm,

are lower than in the Kirkland area. The decreased well yields result

from the finer texture of the recent flood-plain alluvium. The recent

alluvium's limited areal extent would also restrict high sustained yields.

Increased pumpage, especially near Kirkland Creek, would proba-

bly decrease the estimated 1 to 1.5 cfs baseflow in the creek as it

leaves the basin. Wells drilled outside of the flood plain of Kirkland

Creek, penetrating the lacustrine facies of the older valley fill into

the underlying conglomeratic units, could be expected to yield moderate

amounts of water to wells.

The water production potential of the basaltic units in the cen-

tral portion of the basin is unknown. There are three major indications

that these units could provide significant quantities of water to wells.

First, the geological evidence, including drillers' logs and observa-

tions from Kirkland Creek gorge, indicates a high porosity and trans-

missivity of the units. Second, Kirkland Creek is perennial in the reach

which dissects the basalt. The baseflow, believed to be the discharge

of the basalt, is estimated to be 1 to 3 cfs as projected from data at

the USGS Kirkland gage. Third, the great thickness on basalt (over

1000 feet) could provide a thick zone of saturation storing large quan-

tities of water. Wells drilled in the Kirkland gorge area could yield

from 200 to 1000 gpm.



APPENDIX A

BASIC DATA
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Table 5. Selected drillers logs for Middle Kirkland Creek basin.

Depth (Ft)
Well Location	 Description 	From	 To

(B-12-4)5bbc	 sand
tuff

(B-12-4)6aba	 sand and gravel
(memory)	 tuff

(B-12-4)6add	 fill
(memory)	 tuff

fine sand some gravel

(B-12-4)6bac	 sand and gravel
(memory)	 tuff

(B-12-4)6cbc	 sand
(memory)	 malapai

sand and gravel
?

(B-12-5)1abc	 soil
caliche and boulders
caliche and rotten granite
caliche conglo.
caliche with sand and gravel
about every six feet

hard granite

(B-12-5)2acd	 soil
(aca)	 sand

clay
water sand
conglo.

(B-12-5)2add	 soil
(memory)	 red clay

fine sand
red clay
hard black malapai
hard sand conglo.

0 50
51 255

o 160
161 175

0 86
87 186

187 355

0 50
51 160

0 50
51 185

186 210
211 239

o 40
41 47
48 175
176 220

221 275
275

0 5
6 7
8 20

21 68
69 250

0 19
20 70
71 73
73 200

200 355
355 430
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Table 5. Selected Drillers' Logs. -- Continued.

Depth (Ft)
Well Location	 Description	 From	 To

(B-12-5)2bab	 soil
water gravel
clay
gravel
conglo.

(B-12-6)21aaa	 soil
solid malapai
broken malapai

(B-13-4)32cda	 sand and gravel
(memory)	 tuff

sand

(B-13-5)16ada	 soil
(15b60)	 tuff

granite fill with clay binder
decomposed granite
hard granite

(B-13-5)17baa	 ?
red malapai
brown malapai
tuff conglo. clay in spots

(B-13-5)18bad	 fill

(B-13-5)21bcc	 silt
malapai broken

(B-13-5)21cdd	 soil silt
sand and gravel
red clay
black malapai
soft malapai (cinders?)
hard malapai

0 25
25 36
36 37
37 70
70 150

0 3
3 450

450 519

0 200
200 410
410 415

0 3
3 18

18 197
197 212
212 219

0 150
150 180
180 221
221 360

0 80

0 10
10 60

o 10
10 12
12 200

200 210
210 253
253
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Table 5. Selected Drillers' Logs. -- Continued.

Depth (Ft)
Well Location	 Description	 From	 To

(B-13-5)26cdc	 soil silt
sand and gravel
clay
conglo.

conglo.
malapai

(B-13-5)27ada	 silt
red clay
fine sand
red clay
hard black malapai
hard sand conglo.

(B-13-5)28dad	 black heavy soil
broken rock strata
clay and conglo.
conglo. and gravel
coarse gravel in 6"-18" layers
with clay in 2'-3' layers

conglo.

(B-13-5)31dab	 weathered malapai
malapai

(B-13-5)31 adc	 soil silt
gravel and boulders
conglo.

(B-13-5)3) bab	 soil silt
(memory)	 conglo. fill

malapai

(B-13-5)34ca	 soil silt
(memory)	 conglo.

hard malapai
conglo.
malapai
conglo.
malapai
tuff (?)

0 30
30 100

100 110
110 210
210 225
225 300
300

0 19
19 70
70 73
73 200

200 355
355 430

o 9
9 11

11 21
21 33

33 50
50 60

o 80
80 400

o 35
35 51
51 250

0 30
30 180

180 190

0 30
30 250

250 260
260 310
310 330
330 500
500 510
510 550
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Table 5. Selected Drillers' Logs. -- Continued.

Well Location Description
Depth (Ft)
From	 To

(B-13-5)34ccd soil silt 0 12
(ebb) conglo. 12 200

(B-13-5)35acc soil 0 20
(memory) loose fill 20 90

mud 90 110
coarse gravel (granite and malapai) 110 115
conglo.	 (?) 115 200
malapai (?) 200 215
series of conglo. and malapai
layers with conglo. more
angular with depth

granite

(B-13-5)35dc	 soil
conglo.
tuff

(B-13-6)4abd	 gravel and black soil
(abc)	 same but damp

sandy black clay
solid brown clay
sandy clay
hard pan clay
malapai
conglo. of granite and malapai

(B-13-6)9dca	 black earth
(bbd)	 brown heavy clay

sandstone with clay binder
flowing sand
gravel fill
? bottomed in malapai

(B-13-6)9dca 	7
sand and gravel
caliche conglo.

215 500
500

0 20
20 290

290 300

o 24
24 30
30 49
49 50
50 110

110 113
113 120
120 176

0 4
4 12
12 16
16 19
19 35
35 114

0 25
25 32
32 52
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Table 5. Selected Drillers' Logs. -- Continued.

Depth (Ft)
Well Location	 Description	 From	 To

	(B-13-6)10cdd	 sand and gravel fill

	

(ccc)	 malapai
conglo.
malapai
broken malapai
malapai
broken malapai
clay
malapai
conglo.
granite

	

(B-13-6)14bbd	 soil broken rock
red clay
broken malapai
black malapai
malapai with clay
black malapai (water fissure)
black malapai
hard red malapai
broken black malapai
hard black malapai
broken red malapai
very hard malapai
gravel and clay
conglo.
broken malapai with some sand

and gravel

0 28
28 72
72 95
95 135

135 148
148 160
160 205
205 230
230 290
290 365
365 374

0 8
8 21
21 31
31 50
50 70
70 103

103 130
130 150
150 160
160 200
200 218
218 290
290 312
312 400

400 440

(B-13-6)15bba	 ?	 0	 22
black malapai	 22	 55
cinders and red clay	 55	 72
black malapai	 72	 105
brown malapai	 105	 112
malapai	 -	 112 	187
clay	 187	 213
black malapai	 213	 222
decomposed granite (conglo?)	 222	 250

(B-13-6)16abb	 fill	 0	 10
conglo. (pebbles)	 10	 40
malapai and tuff	 40 	115
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Table 5.	 Selected Drillers' Logs.--Continued.

Well Location Description
Depth (Ft)
From	 To

(B-13-6)16abd soil silt 0 30
malapai 30 105

(B-13-6)25dbd malapai with some clay 0 30
(dcb) conglo.	 (cinders) 30 39

malapai 39 56
conglo. 56 71
conglo. with heavy cinders 71 75
malapai with mixed conglo. beds 75 95
malapai 95 312
conglo. 312 371
malapai 371 405
conglo. with heavy brown clay 405 409
malapai 409 451
clay 451 455
malapai 455 462
clay 462 494
sandstone 494 497
clay with some conglo. 497 554
malapai with some conglo. 554 596

(B-13-6)33acd clay 0 15
malapai 15 120
granite (conglo?) 120 280
red royalite 280 290
blue hard granite 290 292
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