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INTRODUCTION 

The Daisy Mountain Quadrangle, located along the northernmost fringe of the Phoenix metropolitan 
area, straddles the physiographic boundary between the Basin and Range and Transition Zone (Figure 1). 
The quadrangle lies between 1-17 and Cave Creek and is bordered on the south by the northwestern end of 
Paradise Valley and rugged, high-relief terrain of the New River Mountains to the north. The Daisy 
Mountain Quadrangle includes the community of New River, which is undergoing rapid population growth 
and is becoming increasingly urbanized. Thus, the knowledge of the distribution and character of bedrock 
and surficial deposits is important to make informed decisions concerning management of the land and its 
resources. This project was funded by the Environmental Protection Agency through the State Indoor 
Radon Grant Program, and the Arizona Geological Survey. 

PREVIOUS STUDIES 

Over the last two decades various workers have conducted geologic mapping investigations in the 
Daisy Mountain Quadrangle. Most of the study of Proterozoic rocks and structures in the Daisy Mountain 
Quadrangle has concentrated in the northern part of the quadrangle (Maynard, 1986, 1989; Conway and 
others, 1987; Anderson, 1989b). Unpublished reconnaissance mapping has also been done in the Daisy 
Mountain area (Bryant; DeWitt; Reynolds; Leighty). Much of this mapping was conducted for the 
I :100,000 scale Phoenix North 30' x 60' Quadrangle (Demsey, 1988; Reynolds and Grubensky, 1993), 
which provides more detail than the smaller scale 1: 1,000,000 (Reynolds, 1988) geologic map of Arizona. 
Anderson (1989b) and Reynolds and DeWitt (1991) summarized the Early Proterozoic geology of the 
region, including rocks of the Daisy Mountain Quadrangle. Other geologic studies have emphasized the 
Tertiary rocks and structures in the area (Elston, 1984; Jagiello, 1987; Leighty and Glascock, 1994; 
Leighty and others, 1995; Leighty and Reynolds, 1996; Leighty, 1997). All petrographic and geochemical 
data and interpretation was performed by the author as part of Ph.D. research. The uranium potential of the 
Tertiary sediments of the region has been described, including the deposits considered to be potential radon 
hazards (Scarborough and Wilt, 1979; Duncan and Spencer, 1993; Harris, 1997; Harris and others, 1998). 

The purpose of this report is to combine and release the geologic mapping data from various sources in 
the Daisy Mountain Quadrangle. Compilation of geologic mapping data in the Daisy Mountain Quadrangle 
is related to other mapping projects completed in and around the Phoenix metropolitan area, including the 
Hedgpeth Hills (Leighty and Huckleberry, 1998a), Biscuit Flat (Leighty and Huckleberry, 1998b), New 
River SE (Leighty and Holloway, 1998), Cave Creek (Leighty and others, 1997), Wildcat Hill (Skotnicki 
and others, 1997), New River Mesa (Ferguson and others, 1998), and Humboldt Mountain (Gilbert and 
others, 1998) Quadrangles (see map Plate 1). Roughly two weeks of new geologic mapping of bedrock and 
surficial deposits in the quadrangle was based on field mapping and interpretation of aerial photographs. A 
series of color, 1:24,000-scale aerial photographs (dated 5-27-89) were obtained from the Tonto National 
Forest office in Phoenix. These photos cover the eastern two-thirds of the quadrangle. Mapping data from 
other sources (see map Plate 1) was then compiled and the unit nomenclature standardized. Portions of the 
southwestern part of the quadrangle were covered by the unpublished reconnaissance mapping of Steve 
Reynolds and Ed DeWitt related to pUblication of the Phoenix 1:100,000 geologic map. Additional detailed 
mapping in the Daisy Mountain area will better defme the Proterozoic stratigraphy. Also related to the 
Phoenix 1:100,000 scale map was unpublished mapping south of New River Mesa by Steve Skotnicki. A 
narrow strip along the western edge of the quadrangle was mapped by Bruce Bryant as an unpublished 
continuation of the adjacent New River Quadrangle USGS Open-File Report. Maynard (1986) mapped 
much of the area north of the New River as part of a M.S. at the University of New Mexico. Another M.S. 
thesis, Jagiello (1987) mapped the Tertiary rocks in the southeastern part ofthe quadrangle. A small area 
near Thirtytwo Well was mapped by Scarborough and Wilt (1979). UnpUblished mapping, petrography, 
and geochemistry of the rocks in several areas was completed by Leighty (1997). 
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Figure 1. Location of the Daisy Mountain 7.5' Quadrangle in the Phoenix region. The inset map shows 
the location of the study area relative to the three physiographic provinces in Arizona: the Basin and 
Range (BR), Transition Zone (TZ), and Colorado Plateau (CP). 
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PHYSIOGRAPHIC AND GEOLOGIC SETTING 

The Daisy Mountain Quadrangle is located along the physiographic and structural boundary between 
the Basin and Range and Transition Zone in central Arizona (Figure 1). The terrain of the Phoenix-area 
Basin and Range is generally characterized by N- and NW-trending mountain ranges separated by wide 
valleys. The mountains of the Basin and Range consist of fault-bounded, highly eroded rocks of Proterozoic 
to Cenozoic age, and the valleys are commonly filled with Cenozoic volcanic and sedimentary deposits. The 
terrain of the Transition Zone in central Arizona consists of rugged mountains, primarily composed of 
Proterozoic metamorphic and igneous rocks, minor erosional remnants of Paleozoic sedimentary rocks, and 
a scattered, relatively thin cover of Tertiary volcanic and sedimentary rocks. The northern half of the Daisy 
Mountain Quadrangle lies within the southernmost part of the Transition Zone, whereas the southern half 
of the quadrangle lies within the Basin and Range province. The quadrangle contains a diverse suite of 
Early Proterozoic to Latest Cenozoic geologic units. Proterozoic rocks include sequences of Early 
Proterozoic metavolcanic, metasedimentary, and intrusive rocks. Cenozoic rocks include Late Oligocene to 
Miocene intermediate and felsic flows and intrusions, Early Miocene alkaline basalt, conglomerate, 
tuffaceous sediment, and felsic tuff, Middle Miocene subalkaline basaltic lavas, Late Miocene basin-fill 
sediment, and Quaternary surficial deposits. 

Prominent landforms seen from 1-17 include Daisy Mountain, Gavilan Peak, and Table Mountain 
along the western margin of the quadrangle, and New River Mesa and the New River Mountains to the 
north and east (Figure 2). Daisy Mountain, located in the southwestern part ofthe quadrangle, is largely 
composed of Early Proterozoic metavolcanic and related rocks. Just to the north of Daisy Mountain is 
Gavilan Peak, a distinctive Tertiary volcanic plug. Table Mountain, on the southern bank of the New 
River, includes a sequence of Early and Middle Miocene basaltic lava, tuff, and tuffaceous sediments of the 
Chalk Canyon and Hickey Formations. The mountainous northern part ofthe quadrangle represents the 
southern boundary of the Transition Zone, and is underlain mostly by Early Proterozoic felsic metavolcanic 
and intrusive rocks. The highest point in the quadrangle (by far) is Red Mountain (4722 feet), which is 
located in the southern New River Mountains, north of New River and New River Mesa. New River Mesa 
includes the relatively flat-lying Tertiary volcanic and sedimentary rocks and prominent escarpment in the 
east-central part of the quadrangle. The lowest elevations in the quadrangle (roughly 2000 feet) are present 
in the southern areas near Pyramid Peak and Daisy Mountain. New River flows from east to west across 
the northern part of the quadrangle. Much of the southern two-thirds of the quadrangle are drained by 
Skunk Creek. Other prominent drainages include Moore Gulch and Cline Creek. 

Numerous paved roads and well-maintained dirt roads provide good access for many parts of the Daisy 
Mountain Quadrangle. For example, New River Road provides access from 1-17 to the west and Paradise 
Valley and the Carefree Highway to the south. However, private property restricts the access to many 
areas, and access is generally poor in the northern and eastern portions of the quadrangle. Much of the 
quadrangle is either in the Tonto National Forest or State Trust Land. Forest Service road 41 is largely 
passable (questionable when wet) and allows approach to the southern New River Mountains and the 
northern side of New River Mesa. However, but may become impassable farther east. 

PROTEROZOIC ROCKS 

The Daisy Mountain Quadrangle contains a diverse assemblage of Proterozoic rock types. The Moore 
Gulch shear zone is major Proterozoic tectonic element, effectively separating the granodioritic phases 
(1.72 to 1.74 Ga) ofthe Cherry Springs batholith and greenschist facies metavolcanic rocks ofthe Ash 
Creek Group on its northwest side from the lower grade felsic metavolcanic rocks of the Red Rock Group 
(1.7 Ga) and granitoid batholith phases on its southeast side (Conway and others, 1987; DeWitt, 1989). 
Most ofthe metavolcanic and metasedimentary rocks in the Early Proterozoic terrain southeast of the 
Moore Gulch shear zone belong to the Tonto Basin Supergroup (Conway and others, 1987). The Tonto 

4 



Figure 2. Physiography of the Daisy Mountain Quadrangle. Images generated with Bryce 4 from the 
Daisy Mountain USGS DEM file. a) View from north to south. b) View from west to east. 
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Basin Supergroup consists of mafic to intermediate volcanic rocks of the Union Hills Group, felsic volcanic 
rocks of the Red Rock Group, metasedimentary rocks of the Alder and Mazatzal Groups, and several large 
granitic batholiths (Karlstrom and others, 1987; Maynard, 1986; Maynard, 1989; Anderson, 1989a,b; 
Conway and Silver, 1989). Rocks likely equivalent to the Union Hills Group are exposed in the hills 
between Cave Creek and Daisy Mountain (Anderson, 1989b; Reynolds and DeWitt, 1991; Leighty and 
others, 1997). The 1.7 Ga New River Mountains felsic volcanic complex (granite, hypabyssal rhyolite, and 
rhyolite) underlies much of the New River Mountains to the north of New River Mesa (Maynard, 1986, 
1989). These rocks are largely correlative to the Red Rock Rhyolite. Alder Group pelitic metasedimentary 
rocks may be represented by several exposures of purple to gray phyllites and slates. Mazatzal Group 
metasedimentary rocks are not exposed in the area. 

Moore Gulch shear zone 

From the northwestern part of the quadrangle, the Moore Gulch shear zone extends northeastward for 
roughly 50 km along the eastern side of the Cherry Springs batholith. Near the northern quadrangle 
boundary, this zone separates rhyolite and granite (1. 7 Ga) to the east from older (> 1. 72 Ga) metamorphic 
and dioritic rocks to the west (Conway and others, 1987). Rocks in and adjacent to the shear zone become 
more highly strained to the northeast (Anderson, 1989b). 

Metasedimentary and metavolcanic rocks northwest of the Moore Gulch shear zone 

The rocks northwest of the Moore Gulch shear zone represent older, greenschist facies 
metasedimentary and metavolcanic units (Xm). These rocks have also been assigned to the Ash Creek 
block (Karlstrom and Bowring, 1988), and the Black Canyon Creek Group (Anderson, 1989b). These 
rocks are the oldest in the quadrangle, but their classification is both complex and controversial. Facing 
directions in these rocks are not known. These rocks are cut by 1.72 Ga calc-alkaline granodiorite and 
quartz diorite phases (Xqd) that are part of the larger Cherry Springs batholith (Anderson and others, 
1971; Bowring and Karlstrom, 1986; DeWitt, 1989). 

Felsic metavolcanic and plutonic rocks southeast of the Moore Gulch shear zone 

Rhyolite, rhyodacite, and dacite flows, tuffs, and related clastic rocks (Xvf, Xvrf, Xvdf, Xvft, Xvt) are 
exposed across the quadrangle, but the main exposures are in the north-central area. These felsic rocks 
have been correlated with the 1.7 Ga Red Rock Group (Conway and others, 1987). The rhyolitic and 
granitic rocks have also been referred to as the New River Mountains felsic complex, correlative with the 
Verde River batholith (Anderson, 1989b). To the east, adjacent to the metavolcanic rocks are hypabyssal 
and plutonic phases (Xf1) ofthe same complex. Intrusive quartz latite and granophyre grades eastward into 
fme-grained granitic rock, which then grades eastward into a more coarse-grained porphyritic granitic rocks 
(Xg). This gradation from volcanic to plutonic rocks may represent a crustal-scale section (upper extrusive 
layers, subvolcanic hypabyssal section, deeper plutonic part) of a felsic complex that may also be the 
extrusive equivalent ofthe huge Verde River Granite batholith to the east (Anderson, 1989b). 

Other metasedimentary and metavolcanic rocks southeast of the Moore Gulch shear zone 

Andesitic to dacitic metavolcanic flows (X va, X vad), metavolcaniclastic rocks (X vac), and minor 
graywacke are present in the Daisy Mountain area. Intermediate to felsic metavolcanic rocks (X vat) and 
interbedded metavolcanic and metasedimentary rocks (X vs) are also locally exposed. These rocks are 
included within the Union Hills Group (Anderson, 1989b), stratigraphically between the Black Canyon 
Group and younger rocks of the New River Mountains felsic complex. Pelitic metasedimentary rocks 
(Xsp), possibly correlative with the Alder Group, are exposed along New River and southwest of New 
River Mesa and may unconformably underlie the New River Mountains felsic complex (Anderson, 1989b). 
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TERTIARY ROCKS AND EXTENSIONAL TECTONISM 

Tertiary volcanic and sedimentary rocks in central Arizona span a range of ages that are represented in 
several important volcanic and sedimentary sequences. These Tertiary rocks are well exposed in the Daisy 
Mountain Quadrangle, as well as in several tilted fault-block ranges in the Basin and Range to the south of 
the quadrangle. Important rock types include Oligocene-Miocene nonvolcanic conglomerate and 
fanglomerate, Middle Tertiary trachyandesite and trachyte, Early to Middle Miocene Chalk Canyon 
formation alkaline basalt, tuffaceous sediment, and felsic tuff, multiple sub alkaline lava flows of the 
Middle Miocene Hickey Formation, and Late Miocene basin-ftll sediment. Early to Middle Tertiary 
conglomerate and arkosic sandstone was deposited across much of the region before the initiation of 
significant Late Oligocene volcanism. Late O1igocene to Early Miocene silicic-intermediate rocks (i.e., New 
River area, Camp Creek, Chino Valley, etc.) represent the first significant Tertiary magmatism in the 
central Arizona Transition Zone, and commonly contain important crustal/upper mantle nodules. These 
rocks form domes and short flows at several places across the quadrangle (e.g., Gavilan Peak, Cline Creek, 
New River Mesa). During the Early Miocene, the Basin and Range region experienced crustal extension, 
but the upper crust in Transition Zone was probably not significantly affected. Early and Middle Miocene 
basaltic lavas, tuff, and fluvial-lacustrine sedimentary rocks ofthe Chalk Canyon and Hickey Formations 
are exposed across the Transition Zone and northeastern Basin and Range. These dominantly basaltic 
sequences represent a progressive compositional shift in volcanism from silicic-intermediate to basaltic. 
Several prominent landforms in the quadrangle are covered by these rocks (e.g., New River Mesa, Table 
Mountain, Pyramid Peak). During high-angle normal faulting of the Late Miocene Basin and Range 
Disturbance, clastic basin-fill material was deposited in several deep basins and over bedrock pediments 
across the Basin and Range and Transition Zone. These rocks, typically covered by younger surficial 
deposits, mantle bedrock margins in the Daisy Mountain, Table Mountain, and New River Mesa areas. 

Early to Middle Tertiary fanglomerate/conglomerate 

General Crudely stratified, reddish orange fanglomerate to conglomeratic sandstone is present at several 
locations across the quadrangle. These rocks unconformably overlie Early Proterozoic basement rocks, and 
unconformably underlie the Chalk Canyon formation and younger colluvial cover. Typical exposures (e.g., 
beneath the Cline Creek trachyte) include massive to crudely stratified deposits that largely consist of 
angular to subrounded, poorly sorted, pebble- to boulder-sized clasts of various locally-derived Proterozoic 
granite, pelite, phyllite, etc. These clasts are commonly interbedded with more fme-grained sediment. 
Poorly-sorted, pebble- to boulder-sized material is typically interbedded with well bedded coarse-grained 
sandstone containing scattered pebbles. This unit has been oxidized to moderate reddish orange color 
generally forms steep slopes and cliffs. 

Regional setting and origin. Fanglomerate, conglomerate, and arkosic sandstone were deposited across 
much of the region before the initiation of significant Middle Tertiary volcanism and likely represent the 
oldest post-Laramide rocks in the Transition Zone (Gomez, 1978; Elston, 1984; Jagiello, 1987; Leighty, 
1997; Ferguson and others, 1998). Eocene to Late Oligocene fanglomerate interbedded with arkosic 
sandstone occur throughout central and southern Arizona (Lasky and Webber, 1949; Wilson, 1962; 
Stuckless and Sheridan, 1971; Sheridan, 1978; Eberly and Stanley, 1978; Gomez and Elston, 1978). This 
unit may be correlative to the Early to Middle Oligocene White Tail Conglomerate (Eberly and Stanley, 
1978; Gomez, 1978). Similar fanglomerate deposits are also exposed to the northeast in the Bloody Basin 
area. The lack of Tertiary volcanic clasts suggests that these rocks were deposited before significant 
volcanism in the area. The large clast size, poor sorting, and angularity of many of the clasts suggest that 
the clasts experienced minimal transport and deposition in a high-relief terrain (locally >300 feet). The 
fanglomerate may have been derived from the stripping of a regolith layer and subsequently deposited into 
local structural troughs (Elston, 1984). 

7 



The northern slopes of New River Mesa contain roughly 10-20 m of south-dipping (100 S) tuff(Tt) that 
typically underlies thin basalt flows. The lower half is a white, laminated to thickly bedded, pumice-rich 
lithic tuff. Lithic clasts typically include metamorphic and granitoid compositions. Crossbedding and soft 
sediment deformation features are also present. The tuff is cut by several small (1-2 m) normal faults, 
probably caused by loading of the basaltic lavas over the tuff. The upper section contains mostly fme­
grained, reddish-brown lithic tuff with several thin, lighter-colored tuff beds (Figure 4d). 

Northern Skunk Creek area. The northern Skunk Creek area, between Table Mountain and New River 
Mesa, also contains excellent exposures (up to 250-m thick) of both the upper and lower Chalk Canyon 
formation members. The lower member is represented by as much as 140 m of dense, dark gray, 
porphyritic olivine ± clinopyroxene alkali basalt (Figure 4d). Roughly 120 m of tuff, tuffaceous sediment, 
and conglomerate overlie these alkali basalt flows. The lowest 20 m of this section includes highly 
tuffaceous white sediments, the middle 70 m includes light brown pumice-rich and conglomeratic beds, and 
the upper 35m is composed dominantly of brown conglomeratic sandstone. Tertiary pumice clasts are 
abundant in the lower half of the section, scoria and fusiform bombs also occur near the middle of the 
section, and Tertiary basalt and Proterozoic clast compositions are dominant in the upper half of the 
section. Clast imbrication data from the middle conglomeratic unit yield SSE paleocurrent directions. 

Pyramid Peak. Early Miocene basaltic and andesitic rocks and tuffs are exposed at Pyramid Peak, located 
along New River Road along the southern boundary of the quadrangle (Scarborough and Wilt, 1979; 
Jagiello, 1987; Leighty, 1997). This small tilt-block is one ofthe northeasternmost Basin and Range fault­
block ranges (Figure 4a). The lowest lavas are biotite-bearing olivine + clinopyroxene alkaline basalts, 
typical of basal eruptive units in the region (Figure 4t). Below the uppermost tuff is a subaphyric olivine + 
plagioclase andesite flow (17.7 Ma, Scarborough and Wilt, 1979; Leighty, 1997). Olivine «1 %, <1.5 rom) 
is totally altered and replaced. Plagioclase phenocrysts «2 rom, oligoclase-andesine) typically have highly 
corroded, vermicular cores with rims lacking reaction coronas. Several massive to laminated tuff layers are 
present in the Pyramid Peak sequence, and a distinctive pumice-rich tuff with a vitrophyric upper portion is 
exposed between the andesite and an overlying olivine basalt. The upper contact of this tuff is scoured. 
This vitrophyric tuff is also exposed to the east at Apache Peak and Elephant Mountain (Jagiello, 1987). 

Basaltic petrography and geochemistry. Summarizing from various sources (Leighty and Glascock, 
1994; Leighty and others, 1995; Leighty, 1997), Chalk Canyon formation lavas are dominantly medium- to 
high-K alkaline basalts (e.g., alkali basalts, trachybasalts, etc.), with transitional basalts largely limited to 
the upper member. Sub alkaline rocks are noticeably absent from this suite. The alkaline lavas are typically 
porphyritic (olivine ± augite), with fine-grained groundmass locally containing interstitial biotite (Figure 
4e,f). Other biotite-bearing lavas across the Transition Zone are typically the earliest erupted units. Many 
of the alkaline basalts are relatively primitive compositions with high MgO, mg#s, Ni and Cr contents, and 
olivine compositions (F080 to Fo90). Most ofthe basalts have high large-ion-lithophile element abundances, 
low high-field-strength element contents, and are enriched in light-rare-earth elements. Alkali basalts from 
the New River and Cave Creek areas also have moderately high 87Sr/86Sro and negative eNd values. 

Regional setting and origin. Exposures of Early Miocene basaltic rocks are scattered across the Basin 
and Range and Transition Zone of central and western Arizona. In the Basin and Range, these rocks are 
exposed in the Phoenix area (Jagiello, 1987; Leighty, 1997), eastern Hieroglyphic Mountains (Ward, 1977; 
Satkin, 1980; Kortemeier and others, 1986), Bighorn-Belmont-Vulture Mountains (Rehrig and others, 
1980; Stimac and others, 1995), Gila Bend Mountains (Gilbert and Skotnicki, 1993), and Castenada Hills 
(Suneson and Lucchitta, 1983). Other than the Chalk Canyon formation rocks exposed between Lake 
Pleasant and the lower Verde River (Gomez, 1978; Jagiello, 1987; Leighty, 1997), correlative rocks are 
also exposed in the southern Mazatzal Mountains, eastern Superstition Mountains (Malone, 1972), Payson 
Basin (Muehlberger, 1988), and northern Black Hills (Wittke, 1984). 
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The depositional environment of the lower member of the Chalk Canyon formation was dominated by 
the Early Miocene eruptions of basaltic flows and deposition of fluvial sediment and airfall tuff across an 
area of moderate relief. The upper member was deposited during the late Early Miocene and early Middle 
Miocene. Much of the clastic material was fluvially transported from elsewhere and tuffaceous sediment 
formed as a result of the reworking of pyroclastic material. Deposition of marl and dolomite occurred in­
situ within shallow lakes, and may represent an initial fresh water environment that became increasingly 
arid with time (Gomez, 1978). A similar period of increasing aridity is reported for the southern and 
western Arizona during Middle to Late Miocene time (Eberly and Stanley, 1978). Deposition ofthe Luke 
Salt body in the western Phoenix area during the early Middle Miocene time may temporally correlate with 
deposition ofthe dolomite (Eaton and others, 1972; Eberly and Stanley, 1978). 

Summarizing from Leighty and others (199S), Chalk Canyon formation alkaline lavas typically include 
chemically primitive rocks with high abundances ofMgO (>7 wt%) and compatible trace elements (e.g., 
Ni, Cr), high mg#s (>0.68), and forsteritic olivine phenocrysts. These lavas may represent undifferentiated 
mantle-derived magmas. From their high abundances oflarge-ion-lithophile element, these lavas may also 
represent the initial, subduction-related melting of the lower portion of the lithospheric mantle via 1) small 
degrees of partial melting of garnet peridotite with long-term large-ion-lithophile and light-rare-earth 
element enrichments or 2) selective melting oflight-rare-earth element enriched, Nb-Ta-depleted mafic 
veins. The lithospheric mantle beneath the Transition Zone, having not experienced significant Laramide 
crustal thickening or plutonism, preserved optimal melting components for creating these alkaline basalts. 

Hickey Formation basaltic lavas 

General. The cliff-forming basaltic flows (14.8-14.7 Ma) capping New River Mesa (Figure Sa) and Table 
Mountain have been referred to as the New River Mesa basalt (Gomez, 1978; Jagiello, 1987), but simply 
represent the southern Transition Zone equivalent of the Hickey Formation (Leighty, 1997). These sheet 
lavas probably once extended across much of the Daisy Mountain Quadrangle, flowing across extensive 
low-relief areas before Basin-and-Range faulting. These rocks are exposed at several places across the 
quadrangle (e.g., New River Mesa, the northern Skunk Creek area, and the Table Mountain area). 

The maximum exposed thickness of these basaltic lavas is up to 130 m in the Daisy Mountain 
Quadrangle. A paleosol (1-2 m thick) typically separates these lavas from the underlying Chalk Canyon 
formation (Figure Sb), and thin sediment and soil horizons also separate individual Hickey F ormation flow 
units. These flows also typically display columnar jointing. The lowest 10 m of the flow sequence is 
typically composed of greenish-gray, highly altered rocks that form slopes, whereas the bulk of the 
sequence is composed of massive, resistant, brownish-gray cliffs. Overall, Hickey F ormation lavas are 
typically different in outcrop color (grayish brown to gray) than the Chalk Canyon formation alkaline flows 
(gray to bluish gray). 

Basaltic petrography and geochemistry. Summarizing the petrography and geochemistry from Leighty 
(1997), Hickey Formation lavas in the Basin and Range and southern Transition Zone of central Arizona 
are dominantly holocrystalline sub alkaline lavas with distinctive inter granular overall textures (Figure Sd). 
Plagioclase and olivine phenocrysts are typically present in a diktytaxitic groundmass of plagioclase, 
clinopyroxene, and minor olivine. The olivine in the subalkaline rocks generally forms distinct groups based 
upon host rock type (olivine-subalkali basalt = F 076-F 077, FOS1-Fo84; basaltic andesite = F07S-FoSO)' 
Clinopyroxene is almost exclusively augite; orthopyroxene is not common. A few olivine + plagioclase 
glomerocrysts are present, as are equant sieved plagioclase (2 mm) crystals, and embayed quartz inclusions 
(O.S mm) mantled by a pyroxene reaction corona and glass. Vesicular textures are especially prominent in 
these rocks, which typically include relatively large, round to elongate vesicles, and smaller, irregularly­
shaped diktytaxitic voids. Also common are elliptical vesicles columns that are perpendicular to the cooling 
surfaces (Figure Sc). 
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a) 

c) 

1) 

Figure 4. Rocks of the Chalk Canyon formation. a) Pyramid Peak tilt-block (view to the northwest). The 
community of New River and the Bradshaw Mountains are in the middleground and background, 
respectively. b) Northeast-dipping tuff (Ttv) and basalt (Tbl) at Pyramid Peak. c) Tuffaceous rocks (Tts) 
north of Table Mountain (view to the east). d) Lithic and crystal tuff exposure near Big Spring Canyon at 
New River Mesa. e) Photomicrograph of an alkaline basalt from the northern Skunk Creek area with hiatal 
porphyritic overall texture and euhedral to subhedral olivine phenocrysts in a cryptocrystalline to 
hypocrystaIline groundmass (4X mag., uncrossed polars). f) Clinopyroxene + olivine glomerocryst with 
groundmass biotite from the basal alkaline basalt at Pyramid Peak (4X mag. and crossed polars). Typical 
of alkaline basalts, note the sector and oscillatory zoning in the large clinopyroxene. 
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Middle Tertiary felsic volcanic rocks 

General. Trachyandesite and trachyte domes and short flows (Tvl) are exposed in several places, including 
at Gavilan Peak, North Mountain, New River Mesa, and Cline Creek. A small rhyolite flow remnant is also 
located along upper Skunk Creek. These rocks typically underlie or are interbedded with Early Miocene 
basalt and tuff of the Chalk Canyon formation. This unit also overlies the older, basal fanglomerate unit. 

Gavilan Peak. Gavilan Peak (Figure 3a) is an isolated Early Miocene (22.02 Ma; Jagiello, 1987) 
porphyritic hornblende + biotite andesite plug at New River that may be related to other hornblende-phyric 
andesites in the area. This massive rock has euhedral to subhedral hornblende «2 mm) and biotite «1.5 
mm) phenocrysts (7-10%) in a trachytic groundmass. Phenocrysts are commonly altered, with corroded 
cores and opaque oxides mantling the rims. A light-bluish-gray, steeply foliated, collar (40 to 80 feet thick) 
of highly vesicular, fine-grained andesite surrounds the intrusion. 

North Mountain area. A conical andesitic plug (100-m-high) is present just beyond the northern 
boundary of the quadrangle, between Moore Gulch and North Mountain. This unit is a porphyritic 
hornblende andesite (chemically, a benmoreiite; Leighty, 1997). The central conduit, along with a SW­
trending dike, produced a northwest-dipping flow that is cut by several small NE-trending faults that are 
subparallel to the larger North Mountain fault. A remnant ofthis lava flow is exposed within the Daisy 
Mountain Quadrangle, roughly I kIn north-northwest of North Mountain. This dense rock contains 
euhedral phenocrysts of hornblende (20-25%, <4 mm) that are highly altered and replaced by Fe-Ti oxides. 
This flow remnant (10-15 m thick) includes a basal autoclastic breccia (15-20 m thick) that overlies a thin 
«25 m) sequence of Chalk Canyon formation tuff and sandstone. Imbricated Proterozoic rhyolitic clasts 
«15 cm) in the conglomeratic sandstone directly beneath the benmoreiite breccia yield S64W paleocurrent 
directions. This suggests that the source area was located to the east in the rugged New River Mountains. 

New River Mesa. A felsic dome, flow, and related pyroclastic rocks are exposed at the southern edge of 
New River Mesa (Figure 3b). This unit contains euhedral to subhedral hornblende + biotite + andesine 
phenocrysts (up to 30%) in a plagioclase-rich trachytic to cryptocrystalline groundmass. The mineralogy of 
this rock is similar to the Gavilan Peak andesite and also to the Cline Creek latite, except that it lacks 
clinopyroxene. Variably thick pyroclastic beds overlie and are interbedded with the dome and flow rocks. 

Cline Creek. Porphyritic clinopyroxene + biotite + hornblende trachyte dome and flow remnants are 
located along Cline Creek, between Pyramid Peak and New River Mesa (Figure 3c). The euhedral to 
subhedral phenocrysts (25-30%) include biotite (5-10%, <1 mm), augite (10-15%, <2.5 mm), and 
hornblende (5-10%, <1 mm) in a cryptocrystalline groundmass(Figure 3d). Relatively fresh glomerocrysts 
(5-10 mm) of hornblende + biotite + clinopyroxene are probably related to the host magma. 

Regional setting and origin. During the Middle Tertiary, voluminous ash-flow-related volcanism 
occurred across the Arizona Basin and Range. In central Arizona, silicic volcanism across the Transition 
Zone was generally more potassic in composition and more localized in extent. Late Oligocene to Early 
Miocene (27.3-22.0 Ma) trachyandesite and trachyte were erupted from the Chino Valley to New River to 
Camp Creek (Krieger, 1965; McKee and Anderson, 1971; Gomez, 1978; Tyner, 1979, 1984; Esperanya, 
1984; Esperanya and Holloway, 1986; Jagiello, 1987; Esperanya and others, 1988; Bryant, 1994; Leighty, 
1997). An Early Miocene (22.21 Ma) hornblende andesite is also exposed to the east along Cave Creek 
(Doorn and Pewe, 1991; Leighty and others, 1997) and minor intrusions of porphyritic hornblende andesite 
are present west of Cave Creek near Go John Mountain (Leighty and others, 1997). The dominant 
compositions are trachyandesite and trachyte, with andesite and rhyolite being less abundant. These rocks 
are commonly referred to as latites, but only the Camp Creek rocks are chemically classified as latites; 
many of the rocks are more silicic trachytes (Leighty, 1997). However, precise classification (i.e., trachyte, 
latite, andesite) of these rocks from field observations is difficult at best (e.g., the ratio ofK-feldspar to 
plagioclase in rocks with high cryptocrystalline content can probably only be made with chemical analysis). 
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a) 

c) 

Figure 3 .. Middle Tertiary int.ermediate to felsic volcanic rocks. a) Gavilan Peak plug (view to the south). 
b) New RIver Me~a dome (VieW to the northeast from Pyramid Peak). c) Cline Creek dome (view to the 
west): d) ~h?tomIcro~raph of the porphyritic Cline Creek trachyte (4X mag. and uncrossed polars) 
showmg bIOtIte and clmopyroxene phenocrysts in a cryptocrystalline groundmass. 

Although several of the felsic domes and flows in the region contain abundant mafic crustal xenoliths 
(Esperan9a and others, 1988; Leighty, 1997), none of the felsic rocks in the Daisy Mountain Quadrangle 
contain significant crustal xenoliths. These volcanic rocks typically predate most of the other Tertiary 
volcanic rocks of the region and represent the initial phase of Mid-Tertiary volcanism. Only a few locations 
have been dated (western New River, 26.5 Ma; Gavilan Peak, 22.0 Ma; northern Cave Creek, 22.2 Ma; 
Jagiello, 1987; Doorn and Pewe, 1991; Leighty, 1997). These rocks represent the initiation of Mid-Tertiary 
volcanism in central Arizona, caused by the return of subduction-related magmatism (Dickinson, 1989). 

Early to Middle Miocene Chalk Canyon formation 

General. The Chalk Canyon formation is a sequence of Early to Middle Miocene basalt, fluvial-lacustrine 
sediment, and felsic tuff across the Basin and Range and southern Transition Zone. The Chalk Canyon 
formation was informally named by Gomez (1978) for exposures on the western side of Skull Mesa in the 
New River Mesa Quadrangle to the east. Lithologic sequences within the Chalk Canyon formation are 
distinctive and can been recognized at locations across the region (e. g., eastern Lake Pleasant, north 
Phoenix, New River, Black Canyon City, Cave Creek, etc.). An unconformity within the formation allows 

it to be subdivided into lower and upper members. 

The lower member consists mainly of alkaline basalt (Tbl) and tuff (rt), and has a maximum thickness 
of slightly more than 200 m in the Skull Mesa and eastern New River Mesa areas. Excellent exposures are 
present in several areas ofthe Daisy Mountain Quadrangle (Table Mountain, northern Skunk Creek, New 
River Mesa, Pyramid Peak, etc.). These basalts are interbedded with several lithic and crystal-rich tuffs. 
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One of the lowest exposed alkaline basalt flows east of Sugarloaf Mountain is a 21.3 Ma alkali basalt that 
overlies a lithic tuff containing an oreodont fossil, the oldest known mammal in Arizona (Lindsay and 
Lundin, 1972; Leighty, 1997). An andesitic flow (17.72 Ma) at Pyramid Peak (Figure 4a,b) is 
interbedded with tuff and basalt, suggesting that the basalt-tuff sequence of the lower member probably 
spans 4 to 5 million years. Nonvolcaniclastic basal conglomerate is locally present that typically includes 
up to boulder-sized clasts of nearby Proterozoic basement lithologies. 

The upper member (~17 to 15 Ma) of the Chalk Canyon formation, well exposed between Table 
Mountain and New River Mesa (Figure 4c). This sequence «100 m thick) is largely composed of 
conglomerate, fine-grained sandstone, mudstone, marl, limestone, tuff, reworked tuff, and highly altered 
basalt (TsI, Ts, Tts). The marl, dolomite, and limestone are thickly bedded to laminated, and locally 
display soft-sediment deformation features, borrowings, and stem and root fossils (Doorn and Pewe, 
1991; Leighty and others, 1997). The upper and lower members are separated by an irregular, sharp 
contact having as much as 10 m of relief and a thin «1 m thick) volcanic conglomerate (Gomez, 1978; 
Bryant, 1994). The uppermost basalt of the lower member also contains abundant fractures that are filled 
by tuff, marl, and dolomite. A tan to brown conglomerate (Tsm) is commonly present above the Tts unit. 
The upper member is typically disconformably overlain by multiple basalt flows (Tbm) of the Middle 
Miocene Hickey Formation (16.2-13.4 Ma) that cap many of the mesas of the region. Paleosols (see 
Figure 5b) at this horizon suggest a hiatus of indeterminate length between the final deposition of Chalk 
Canyon formation lakebed sediments and the earliest eruption of Hickey Formation basaltic rocks. 
However, Tsm sediments are also interbedded with Hickey Formation lavas (e.g., at Table Mountain). In 
the Lone Mountain area north of Carefree and in the Squaw Creek Mesa area near Black Canyon City, 
Hickey-aged basaltic lavas (~15 Ma) underlie thin sequences of lake bed sediments and therefore 
represent a conformable relationship between the uppermost lacustrine sediments of the Chalk Canyon 
formation and the lowest Hickey Formation basaltic rocks. Thus, the upper member is late Early Miocene 
to early Middle Miocene (17 to 15 Ma) in age, with rocks deposited/erupted just prior to or 
simultaneously with eruption of Hickey Formation lavas across the Basin and Range-Transition Zone 
boundary. 

Table Mountain area. The Chalk Canyon formation, exposed between Table Mountain and the low 
hills to the north and west, includes basaltic flows, tuff, and tuffaceous sediments that overlie the Early 
Proterozoic Moore Gulch fault zone (Figure 4c). The lower part ofthe Tertiary section in this area 
includes at least 70-m of porphyritic olivine ± clinopyroxene alkaline basalt. These flows have been 
dated at 20 Ma (Eberly and Stanley, 1978). Above the lower basalts is crystal-rich tuff, reworked tuff, 
and tuffaceous sediment (>75 m thick). A thin Hickey Formation basaltic flow caps Table Mountain, and 
is interbedded with Middle Miocene sediments (Tsm) in the nearby ridge north of New River. 

Western New River Mesa area. In the western New River Mesa area, the Chalk Canyon formation 
sequence is roughly 45 m thick southeast of West Point, but increases in thickness (to >300 m) to the 
east. The westernmost exposed section includes a basal conglomeratic sandstone (~20 m thick) over 
granitic basement, two thin «10m thick combined), highly altered basaltic flows, and an upper 
tuffaceous, calcite-rich sediment sequence (20 m thick) that includes a thin «5 cm) tuff layer. A few 
hundred meters to the east, a similar section is almost twice as thick. Although the base of the section is 
not exposed, large granitic boulders (up to 3 m in diameter) are present near the bottom of the exposure. 
This conglomeratic sediment becomes more well bedded and fine grained higher in the section, 
containing several ledge-forming, fine grained carbonate beds (typically <1 m thick) and a very thin «5 
cm) tuff bed. Worm burrows are present near the contact with the overlying basaltic rocks. The 
uppermost 10 m of the exposure include pale orange sandstone interbedded with thin (20-50 cm) 
laminated carbonate and limey mudstone beds (marl). A similar overall section is present farther east, 
except for an additional basalt flow and thicker lower sequence of tuffaceous sediment and tuff. 
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a) 

c) 

Figure ? R~cks of the Middle Miocene Hickey Formation. a) Aerial view to the east of New River Mesa. 
New River IS at the left. b) Clay- and carbonate-rich paleosol exposed beneath Hickey Fornlation lava in 
the northern Skunk Creek area. c) Elliptical vesicle columns in basaltic lava. d) Photomicrograph (4X 
mag., ul?-crossed polars) of a typical sub alkaline basaltic lava having an intergranular texture with 
labradonte laths enclosing pyroxene, altered olivine, and sieved plagioclase. 

Hickey Formation lavas in the Basin and Range and southern Transition Zone are sub alkaline in 
composition, and include medium-K olivine-sub alkali basalts, transitional basalts, and basaltic andesites. 
The basaltic andesites that cap mesas like New River Mesa are texturally and compositionally gradational 
with the less-silicic olivine-subalkali basalts. The olivine-subalkali basalts (lacking normative quartz, 
Si02<52 wt%) and basaltic andesites (normative quartz and Si02>52 wt%) are typically difficult to tell 
apart in the field and are classified mainly on geochemical grounds. These sub alkaline rocks typically have 
low compatible, large-ion-lithophile, high-field-strength, and light-rare-earth trace element abundances. The 
less evolved (more primitive) lavas typically are less radiogenic (i.e., lower 87Sr/86Sro, more positive ENd) 

than the more evolved (more differentiated) rocks. 

Regional setting and origin. Basaltic volcanism during the Middle Miocene was widespread across the 
Basin and Range and Transition Zone in central Arizona, where two eruptive periods can be recognized: 1) 
16.2 to 13 Ma (early Middle Miocene) and 2) 13 to 11 Ma (late Middle Miocene). This volcanism is 
represented by basaltic lavas of the Hickey Formation and correlative rocks (Anderson and Creasey, 1958; 
McKee and Anderson, 1971; Eberly and Stanley, 1978; Gomez, 1978; Elston, 1984; Jagiello, 1987; 
Leighty and Glascock, 1994; Leighty, 1997). The Hickey Formation, originally described by Anderson and 
Creasey (1958) as Middle and Late Miocene (14.6 to 10.1 Ma) basaltic lavas and related sedimentary 
rocks on Hickey Mountain (in the Black Hills ofthe northern Transition Zone, between Jerome and 
Prescott), has expanded over the years to include similar units from across the central Arizona region 
(Gomez, 1978; Elston, 1984; Jagiello, 1987; Leighty, 1997). 
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Hickey Formation rocks at Sugarloaf Mountain (14.7 Ma) and Skull Mesa (14.7 to 14.8 Ma; 
Scarborough and Wilt, 1979) are similar to lavas that cap many other mesas of the southern Transition 
Zone, including in the eastern Lake Pleasant (16.2 Ma; Reynolds, unpub. data), Black Canyon City (15.4 
Ma; Eberly and Stanley, 1978), and Cooks Mesa areas. Basaltic rocks with similar petrography and 
geochemistry cap several fault-block remnants in the Phoenix area Basin and Range (e.g., Shaw Butte, 
Deem Hills, Hedgpeth Hills, etc.; Jagiello, 1987; Leighty, 1997). Other locations with correlative rock 
units include Lone Mountain north of Carefree (13.4 Ma; Doorn and Pewe, 1991), the southern Big Horn 
and Belmont Mountains (15.0 Ma; Shafiqullah and others, 1980; Stimac and others, 1995), the Vulture 
Mountains (15.6 to 13.5 Ma; Scarborough and Wilt, 1979; Rehrig and others, 1980), and the Carefree 
Highway Range (15.4 Ma; Scarborough and Wilt, 1979). Similar units include the Canyon Lake and 
Black Mesa basalts in the Superstition Mountains (Skotnicki and Ferguson, 1995), and Lincoln Spring 
basalt in the Payson Basin (14.4 Ma; Muehlberger, 1988). During the Middle and Late Miocene, Basin 
and Range basaltic volcanism accompanied deposition of thick basin-fill clastic sequences (and lesser 
evaporite) into grabens and half grabens (McKee and Anderson, 1971; Eberly and Stanley, 1978). 

The geochemistry of the Hickey Formation lavas across the Basin and Range and southern Transition 
Zone is fundamentally different than in the older Chalk Canyon formation lavas. Hickey Formation lavas 
are dominantly homogeneous subalkaline, medium-K compositions (Le., olivine-subalkali basalt and 
basaltic andesite). The low compatible, large-ion-lithophile, high-field-strength, and light-rare-earth trace 
element abundances of most Hickey Formation rocks are typical of relatively evolved (differentiated) 
basaltic compositions. These trace element abundances are generally lower in the olivine-subalkali 
basalts than the basaltic andesites, with differentiation trends displayed between the least evolved 
subalkaline rocks (olivine-subalkali basalts), and the more evolved basaltic andesites. The olivine in the 
subalkaline rocks is generally not compositionally zoned and is typically more Fe-rich than in the 
alkaline lavas, probably reflecting crystallization from more evolved liquids (or from a more Fe-rich 
mantle source). 

Many of the Middle Miocene basaltic rocks in the Basin and Range were probably created by the 
same thermal-mechanical mechanisms that generated the Hickey Formation basalts across the Transition 
Zone. Regionally, these rocks may represent the post-subduction magmatism related to the passing of the 
"slab window" beneath this part of the North American lithospheric plate. Hickey Formation volcanism 
resulted from the interaction of relatively hot, convecting asthenosphere, through the sub lithospheric slab 
window, with the base of the lithospheric mantle. As the thermal anomaly progressed through the 
lithospheric mantle during the Middle Miocene, melting may have progressively tapped more shallow, 
less modified spinel lherzolite mantle. The relatively homogeneous petrology of these lavas may suggest 
that before eruption the Hickey magmas ponded within the crust. Within well-mixed, tabular magma 
chambers, these magmas may have experienced progressive contamination in a well-mixed, open system 
lower crustal magma chamber, and many of the more evolved rocks show signs of combined fractional 
crystallization and contamination. 

Middle and Late Miocene sedimentary rocks 

Middle Miocene conglomerate and sandstone (Tsm) are interbedded with and underlie Hickey 
Formation basaltic lavas in the Table Mountain and northern Skunk Creek areas. Thin paleosols are 
locally exposed above this unit (see Figure 5b), so these rocks likely represent the top of the upper 
member of the Chalk Canyon formation. Late Miocene basin-fill sediments (Tsy) once covered much of 
the lower bedrock surfaces in the area. These deposits are correlative with the Carefree Formation of 
Doorn and Pewe (1991) and are typically partially covered by younger surficial deposits. Included in this 
unit is a boulder conglomerate that occupies the top of the ridge north of Table Mountain. This may be a 
somewhat younger deposit (possibly Quaternary), but lower contacts are concealed by colluvium and 
talus. Similar boulder conglomerates are present at Squaw Creek Mesa in the Black Canyon City area. 
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Tertiary extensional tectonism 

Tertiary extensional tectonism significantly affected the Phoenix area, forming the distinctive Basin and 
Range physiography. Across the region, Early Miocene extension was fundamentally different in 
magnitude, style, and orientation compared with the Late Miocene normal faulting. However, in the 
Phoenix region there are similarities between the style and orientation of the two extensional phases. 

Middle Tertiary. Following the relative tectonic quiescence ofthe Early Tertiary, significant extensional 
tectonism occurred across the Arizona Basin and Range during the Middle Tertiary (Late Oligocene and 
Early Miocene), and has been referred to as the "mid-Tertiary Orogeny" (Damon, 1964). Middle Tertiary 
tectonism was dominated by large magnitude, ENE-WSW-directed extension along low-angle normal faults 
(or detachment faults) and subsequent fault-block rotation, typically related to metamorphic core complex 
development (Coney, 1973; Davis and Coney, 1979; Coney, 1980; Crittenden and others, 1980; Davis, 
1980; Wernicke, 1981; Reynolds, 1982; Davis, 1983; Davis and others, 1983; Reynolds, 1985; Reynolds 
and Lister, 1987; Spencer and Reynolds, 1989). The South Mountain detachment fault is visible on seismic 
reflection profiles (Frost and Okaya, 1986) and projects to the northeast beneath the fault-block ranges that 
represent the upper plate of the core complex (Spencer and Reynolds, 1989). Initiatial extension-related 
tilting occurred before or during felsic volcanism (~25 to 20 Ma) and ended before 17-Ma (Fitzgerald and 
others, 1994; Spencer and others, 1995). The Transition Zone and Colorado Plateau did not experience 
significant upper crustal extensional deformation during this time, but the reversal of regional drainage and 
formation of the Mogollon Rim was a likely effect of middle to lower crustal deflation in response to 
extension in the adjacent Basin and Range (Spencer and Reynolds, 1989). Significant Middle Tertiary 
extension may not be represented by fault structures in the Daisy Mountain Quadrangle. Although there 
was NW -side down, post-andesite and -tuff movement along the Moore Gulch and North Mountain faults, 
it is not known whether this movement occurred during the Early Miocene or later (Maynard, 1986; 
Leighty, 1997). Middle Tertiary extension in Arizona was broadly related to the evolving plate-tectonic 
setting of the continental margin of western North America (Atwater, 1970), with changes in plate motion 
and geometry and the overriding ofthe progressively thinner and hotter subducted Farallon plate (Coney 
and Reynolds, 1977; Coney, 1978; Damon, 1979). 

Late Miocene. The Basin-and-Range Disturbance represents a period of graben subsidence that occurred 
along high-angle normal faults, largely without major crustal block rotation. In the Arizona Basin and 
Range, this period of tectonism began ~ 15 Ma, with basin subsidence continuing until ~8 Ma, when 
differential vertical movement essentially ceased, pediments formed, and basins filled (Eberly and Stanley, 
1978; Shafiqullah and others, 1980; Menges and Pearthree, 1989). Newly created basins filled with 
undeformed fluvial and lacustrine deposits and basaltic rocks that were deposited over tilted beds deformed 
by earlier, mid-Tertiary normal faulting. Similar elevations of pediment gravel layers suggest that basin 
subsidence occurred with little or no change in the absolute elevation of the surrounding ranges (Peirce, 
1976; Peirce and others, 1979). From well log and geophysical data, the depth of several ofthe large, deep 
Miocene basins (e.g., the Paradise Valley basin, Luke basin) in the Phoenix area exceed 10,000 feet 
(Oppenheimer, 1980). 

Evolution of the Basin and Range-Transition Zone boundary. During the Early and Middle Miocene, 
synextensional basaltic lavas of the Hickey Formation (16 to 13 Ma) were erupted/deposited across the 
Phoenix area. Hickey Formation sheet lavas may have extended from the Transition Zone across the much 
of the northern Phoenix area, as similar lavas cap many of the other ranges in the Phoenix area (e.g., Shaw 
Butte, Hedgpeth Hills, Deem Hills). The youngest dated Hickey Formation lavas are 15.4 Ma (in the 
eastern Biscuit Flat Quadrangle) and 13.4 Ma (in the Cave Creek Quadrangle). Several W- to NW-trending 
normal faults subsequently rotated this strata during the Late Tertiary structural development of the Basin 
and Range-Transition Zone physiographic boundary. 

16 



Initial normal faulting «13.4 Ma) occurred along NE-dipping structures and resulted in the SW-tilting 
of relatively homoclinal Tertiary strata to the east of the Daisy Mountain Quadrangle (e.g., at Elephant 
Mountain, Black Mesa, Lone Mountain, etc.). The gently N-dipping Tertiary sequence of eastern New 
River Mesa changes gradually to slightly a SW -dipping orientation at its southern extremity. Larger 
southwesterly dips (15°) occur at Elephant Mountain. To the east at Lone Mountain, several WNW­
trending, variably SW-dipping Tertiary exposures display similar relationships. The master NE-dipping 
fault is not exposed, but is likely present just to the southwest of Elephant Mountain and is probably 
somewhat listric to account for the 15-40° rotation of Tertiary strata. Several smaller synthetic faults are 
also present near Lone Mountain (Leighty and others, 1997b). The master NE-dipping fault projects 
beneath the high mesas to the north, and may be synthetic to the NE-dipping South Mountain - White Tank 
detachment fault system related to metamorphic core complex development in the nearby Basin and Range. 
A second Late Tertiary extensional phase «13.4 Ma), likely related to the previous faulting, formed the 
NE-dipping tilt-blocks in the Phoenix area by movement along large, SW -dipping normal faults. In the 
Carefree to Daisy Mountain area, a large SW-dipping normal fault (i.e., the Carefree Basin fault) helped to 
form the Carefree Basin and rotate the Apache Peak fault-block. 

In the Daisy Mountain Quadrangle, Late Miocene faults are likely present, but are buried beneath 
younger deposits. To the southeast of the quadrangle, SW-dipping strata along the northeastern margin of 
the Carefree Basin were rotated along a NE-dipping normal faults (e.g., the Lone Mountain fault), whereas 
the Carefree Basin and the NE-dipping tilt-blocks of the Basin and Range were formed by movement along 
SW-dippingnormal faults (e.g., the Carefree Basin fault). The continuation of the Lone Mountain and 
Carefree Basin faults may extend into the southeast portion of the quadrangle. Roughly 2500 to 3000 feet 
of SW -side-down displacement may have occurred on the Carefree Basin fault (Leighty and others, 1997). 
Pyramid Peak was likely rotated along a NW-striking, SW-dipping fault (a continuation of the Carefree 
Basin fault) between the Rodger Creek and Skunk Creek areas. 

The age of this post-13.4 Ma rotational faulting is representative of the Middle to Late Miocene Basin 
and Range Disturbance, and is significantly younger than the inferred age (25 to 17 Ma) of active 
metamorphic core-complex extension (Stump, 1978; Jagiello, 1987; Fitzgerald and others, 1994). 
However, the rotational style of faulting is more consistent with Early Miocene low-angle normal faulting 
and fault-block rotation than the high-angle block faulting of the Basin and Range Disturbance. To explain 
this discrepancy, it has been suggested that Late Miocene extension adjacent to the relatively unextended 
Transition Zone is consistent with a relatively passive mechanism of extension where the gravitational 
potential energy of the thicker Transition Zone crust caused a SW -directed collapse (Spencer and others, 
1995). This localized extension occurred at the same time as the more regional Basin and Range 
Disturbance. Regardless of the mechanism, this extension is largely responsible for the creation of much of 
the present physiographic boundary between the Basin and Range and Transition Zone in central Arizona. 

PLIO-QUATERNARY GEOLOGY 

Alluvial landforms cover much of the Daisy Mountain Quadrangle and include alluvial fan, channel, 
and terrace units that range in age from Early Pleistocene to Holocene. Surficial deposits in this area can be 
grouped into either piedmont or river deposits. Piedmont deposits mantle bedrock slopes, but also cover 
low-relief pediment surfaces. River deposits include small terraces related to the major drainages and their 
tributaries in the area (e.g., the New River, Skunk Creek, Cline Creek). Similar units in the Phoenix region 
are described Demsey (1988) and Pearthree and others (1997). 

Piedmont deposits. These deposits are shed onto the broad plains that slope gently down from mountain 
ranges toward basin floors and include Early Pleistocene to Holocene alluvium. These deposits are 
generally poorly sorted, containing particles that range in size from silt or clay to cobbles or boulders. 
Piedmont deposits grade or interfmger downslope into fmer-grained deposits. The older alluvial deposits 
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(Qo) are estimated to be of Early Pleistocene age and are predominantly exposed marginal to the various 
bedrock ranges in the area, but also cover much of the area between Cline Creek and Skunk Creek. These 
sediments are typically extensively eroded by the larger drainages, leaving rounded ridges between modem 
channels. Early to Middle and Middle Pleistocene deposits (Qmo, Qm) also represent moderately dissected 
alluvial fan deposits that mantle bedrock margins across the quadrangle. Most Holocene alluvium (Qy) is 
restricted to fairly narrow bands along washes. Many bedrock slopes are typically mantled by colluvium in 
the lower parts (Qc) to colluvium and talus (Qct) in the higher slopes. Landslide and mass movement 
deposits (Qls) are poorly sorted, chaotic debris that mantle the southern slopes of New River Mesa. 

Major river deposits. Fluvial sediments include active channels and one or more terrace levels that record 
former, higher positions of the stream channels. These deposits (Qmr, Qyr, Qyc) are differentiated from 
piedmont deposits by their diverse lithologic composition, clast rounding, and landform morphology. River 
terraces are also commonly elongate landforms that mimic the general trend of the modem rivers. These 
deposits are mainly related to the development of the New River, Skunk Creek, and Cline Creek drainages. 

GEOLOGIC HAZARDS 

A variety of potential geologic hazards exist in the study area. The primary geologic hazards that may affect 
this area are flooding, soil problems, rockfalls and debris flows. Also, radon is a potential hazard in nearby areas 
because certain rock types locally have elevated uranium concentrations. 

Flooding 

Flooding is probably the most serious geologic hazard of the Daisy Mountain Quadrangle. Potential flood 
hazards consist of inundation and erosion along the New River and Skunk Creek and their larger tributaries, and 
flash-flooding associated with the smaller tributary streams that flow across the piedmonts of the area. The New 
River is a moderately large drainage that heads in the Transition Zone northeast of the quadrangle. Areas mapped 
as Qyc are likely to be affected by deep, high velocity flow during floods. Adjacent areas mapped as Qy are likely 
to be subject to shallower inundation, and local bank erosion. Areas near these large streams covered by older 
deposits generally are not subject to inundation, but they may be affected by lateral stream erosion. 

Flood hazards associated with smaller tributaries may be subdivided into 1) localized flooding along well­
defined drainages, where there is substantial topographic confinement of the wash; and 2) widespread inundation 
in areas of minimal topographic confinement (i.e., active alluvial fans). Delineation of flood-prone areas along 
well..defined drainages is fairly straightforward, and these hazards may be mitigated by avoiding building in or 
immediately adjacent to washes. Floods also eave behind physical evidence of their occurrence in the form of 
deposits. Therefore, the extent of young deposits on piedmonts is an accurate indicator of areas that have been 
flooded in the past few thousand years. These are the areas that are most likely to experience flooding in the 
future. Accordingly, the extent of potentially flood-prone areas on a piedmont may be evaluated based on the 
extent of young deposits (Qy). The washes that flow across piedmonts of the quadrangle have relatively small 
drainage basins. The extent of Holocene deposits, including the channels and low terraces that are associated with 
these washes, is fairly limited. Holocene deposits are somewhat more extensive along several of the washes, 
however, indicating that flood inundation is more widespread or channel locations have shifted during the 
Holocene. 

Soil/substrate Problems 

Several types of soil/substrate problems may be encountered in the Daisy Mountain Quadrangle. Soil 
compaction or expansion upon wetting or loading may be an important geologic hazard in limited portions of the 
quadrangle. Soil instability has caused extensive damage to buildings in Arizona (Christenson and others, 1978; 
P6we and Kenny, 1989). Changes in soil volume beneath structures may cause damage ranging from nuisance 
cracks to serious structural damage. Deposits that are susceptible to compaction are typically relatively fine-
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grained, young sediments. Deposits in the area that are candidates for compaction are the fine-grained terrace 
deposits of Qy and Qyr. Clay-rich soils associated with the well-preserved Early and Middle Pleistocene alluvial 
fans (Qo, Qmo, and Qm) may have some potential for shrinking and swelling during dry and wet periods, 
respectively. However, clay-rich horizons associated with these surfaces are generally less than I m thick, so their 
shrink-swell potential is probably limited. 

The presence of cemented caliche (petrocalcic soil horizons) or shallow bedrock may impact construction 
excavation and leaching potential. Calcium carbonate accumulates in soils in this desert environment over 
thousands to hundreds ofthousands of years. Typically, the soils associated with Middle Pleistocene alluvium 
(Qm) in this area have significant accumulations of calcium carbonate, but strongly cemented carbonate soil 
horizons are not common. Petrocalcic horizons are common in Early Pleistocene alluvium (Qo), and are found in 
some Middle Pleistocene alluvium (Qmo, Qm) and thin hillslope deposits (Qc, Qct) (Kenny, 1986). Progressively 
less carbonate accumulation is associated with increasingly younger surfaces, such that younger deposits (Qy) 
have weak carbonate accumulations. 

Rockfalls and Debris Flows 

Rockfalls, small landslides, and debris flows are potential hazards on and immediately adjacent to steep 
slopes. The mass movement of material on steep slopes is typically triggered by intense or prolonged periods of 
precipitation (Christenson and others, 1978). Debris flows are viscous slurries of sediment and water that can 
transport large boulders substantial distances downslope. Debris flows may be a hazard along the steep upper 
reaches of the streams that drain the hills and mountains of the quadrangle. They are typically generated by mass 
movements on hillslopes or within steep stream valleys. Larger debris flows in some environments may continue 
downslope out of the mountains and impact piedmont areas. In this environment, however, it is more likely that 
debris flows will impact only hillslopes and channels within steep-walled mountain valleys. In southern and 
central Arizona, nearly all of the documented historical debris flows have been restricted to mountain slopes and 
valleys. Rockfalls and landslides are potential hazards below bedrock cliffs and where bedrock outcrops exist at 
or near the top of steep mountain hillslopes. The existence oflarge boulders near the base of a steep slope should 
be considered evidence of potential rockfall hazard in most cases. 

Radon 

Uranium is present in all geologic materials, generally in concentrations of 1 to 10 parts per million 
(ppm). When a uranium atom undergoes radioactive decay it begins a long string of decays through a series 
of isotopes that make up the uranium decay series. Radioactive decay ends at stable lead-206. Radon, a 
colorless, odorless gas, is a member of the uranium decay series. Radon produced in the ground as part of 
the uranium decay series can escape into overlying homes and other buildings, and can result in elevated 
radiation exposure, and associated risk of cancer, to human lungs. Areas with higher uranium 
concentrations present greater risk of elevated indoor radon levels (Spencer, 1992). Anomalously high 
uranium levels have been identified in Chalk Canyon formation lacustrine sediments in nearby areas 
(Duncan and Spencer, 1993; Harris, 1997; Harris and others, 1998). In the Daisy Mountain Quadrangle, 
these rocks are either relatively inaccessible (e.g., at New River Mesa) or are covered by younger surficial 
deposits. Basin-fill and surficial deposits have never been known to be a problem in Arizona with regard to 
radon emanation, but wells penetrating these younger rocks may have elevated uranium levels. 
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UNIT DESCRIPTIONS 
Quaternary deposits 
Qc Colluvium - Unconsolidated to moderately consolidated colluvial deposits mantling hillslopes. These soil-

covered deposits are variably coarse, subangular to subrounded, poorly sorted, and weakly bedded. 
Gradational with the colluvium-talus (Qct) unit. Holocene to Middle Pleistocene in age. 

Qct Colluvium and talus, undivided - Unconsolidated to moderately consolidated colluvium and talus deposits 
on steeper hillslopes (e.g., at New River Mesa). These hillslope deposits are typically weakly bedded, 
subangular to angular, poorly sorted sand and gravel. Underlying bedrock lithologies dominate the clast 
compositions. Deposits proximal to New River Mesa contain angular boulders several meters in diameter. 
Locally cemented by caliche. Foot travel across steeper slopes can be slow and treacherous. Grades into 
colluvial deposits downslope. Holocene to Middle Pleistocene in age. 

Qls Landslide and mass movement deposits - Low-relief areas of debris partially mantling the southern slopes 
of New River Mesa. Extremely coarse-grained diamictite consisting of large blocks of volcaniclastic 
sandstone, nonwelded tuff, and basalt in a boulder- to sand-sized matrix. 

Qyc Active channel deposits - Modern active channels of the New River, Skunk Creek, Cline Creek and their 
principal tributaries. Channels patterns are often braided or anastomosing. Gravel clasts range in size up 
to boulders, with main channel alluvium typically being coarser that tributary alluvium. Clasts are 
subrounded to well-rounded and lithologies vary substantially. This unit is locally gradational with Qyr. 

Qy Holocene alluvium «10 Ka) - Holocene alluvial deposits consisting of small active channels, low terraces, 
and broad alluvial fans. This unit is characterized by unconsolidated, stratified, poorly to moderately 
sorted sand, gravel, cobble, and boulder deposits confined to the modern tributary drainages of the New 
River, Skunk Creek, etc. Frequently mantled by sandy loam sediment. Qy terraces and alluvial fan 
surfaces are 0 to 2 m above active channels. Alluvial surfaces exhibit bar-and-swale topography, with the 
ridges typically being slightly more vegetated. Qy surfaces have minimal or no rock varnish or desert 
pavement development. Late Holocene soils are minimally developed, but Middle and Early Holocene 
soils typically contain cambic horizons, weak calcic horizons (~Stage I), and are noticeably reddened. 
Surface colors are light brown to yellowish brown, with a slight reddening with depth due to oxidation. 
Some of the older Qy soils may contain weakly developed argillic horizons. Qy soils are classified as 
Torrifluvents, Torriorthents, Camborthids, and Calciorthids. Surface soils are not indurated with clay or 
calcium carbonate, so Qy surfaces have relatively high permeability and porosity. Qy areas may be subject 
to inundation during large floods. 

Qyr Holocene river terrace deposits «10 Ka) - Low terrace deposits of unconsolidated, moderately to poorly 
sorted, subrounded to rounded sand- and gravel-sized clasts in a sandy to silty matrix. Landforms typically 
are low terraces 1 to 5 m above active channels. Minor channels are common locally. Portions of Qyr 
surfaces have been inundated during historical floods, and lateral bank erosion is also a hazard. Vegetated 
bars may be as young as several hundred years old. Primary fluvial bedforms (gravel bars, fine-grained 
swales) near the surface are absent or weakly expressed due to bioturbation. Weakly developed, light 
brown to yellowish brown soils on the surface, with slight reddening at depth. Organic accumulation is 
common in the uppermost soil horizons, with slightly oxidized horizons at deeper levels. Minimal or no 
rock varnish or desert pavement development. Weak calcic horizons (~Stage I) are present in Middle and 
Early Holocene soils. Qyr terrace soils are Torrifluvents and Camborthids. 

Qm Middle Pleistocene alluvium (250 to 750 Ka) - Dissected alluvial fan and terrace deposits that include 
sandy to loamy, tan sandstone and minor conglomerate. Sand- to boulder-sized clasts. These surfaces are 
generally proximal to bedrock areas. Qm surfaces are typically eroded into shallow valleys and low ridges. 
Original depositional surfaces may be preserved along ridge crests. Qm surfaces are typically 2 to 10m 
above modern channels. Desert pavement and rock varnish development is moderate to strong on stable 
surfaces, but variable to weak on highly eroded surfaces. Qm soils are moderately to strongly developed, 
with brown to reddish brown surface colors. These soils typically contain reddish argillic horizons 
moderately to strongly enriched in pedogenic clay. Calcic horizon development is fairly strong (Stage il­
IV), but Qm soils generally do not have cemented petrocalcic horizons ( caliche). These soils are 
Calciorthids and Haplargids. Qm surfaces are not prone to flooding, except near active washes. 
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Qmr Middle Pleistocene river terrace deposits (400 to 750 ka) - High, old terrace deposits of the New River. 
Contains rounded to subrounded boulders (up to 1.5 m in diameter) of basalt and a variety of other rock 
types. Unconsolidated, moderately to poorly sorted, subrounded to rounded sand- and gravel-sized clasts 
in a sandy to silty matrix. Clay-rich soil with a well-developed caliche horizon. 

Qmo Early to Middle Pleistocene alluvial fan deposits (250 ka to 1.6 Ma) - Early to Middle Pleistocene 
alluvial fan and terrace deposits that include sandy to loamy, tan sandstone and minor conglomerate with 
sand- to boulder-sized clasts. These surfaces are generally in proximity to bedrock ranges. 

Qo Early Pleistocene alluvial fan deposits (750 Ka to 1.6 Ma) - Sandy to loamy, brown-colored 
conglomerates. These deposits are moderately consolidated and commonly are indurated by soil carbonate. 
Deposits are moderately to deeply dissected by the larger drainages. Reddish-brown argillic horizons are 
moderately- to well-developed on planar, relatively well-preserved alluvial surface remnants. Cemented 
petrocalcic are commonly exposed on side slopes below ridge crests. 

Tertiary rocks 
Tsy "Basin-fill" conglomerate and sandstone (Late Miocene to Pliocene) - Interbedded "basin-fill" sandstone 

and conglomerate, typically exposed along the margins of bedrock areas (e.g., Daisy Mountain). This unit 
is very crudely bedded, moderately to poorly sorted, matrix- to clast-supported, with rounded to angular 
clasts of various Proterozoic and Tertiary rocks. Clast compositions and relative abundances are variable, 
and are largely dependent on the composition of nearby bedrock. Clast sizes range from sand to boulders 
in a grussy, carbonate-rich matrix with variable amounts of hematite. Larger clasts are more rounded than 
smaller clasts. This unit is equivalent to the Carefree Formation of Doom and Pewe (1991). Typically 
covered by Quaternary deposits, but is exposed along stream drainages. Likely deposited during and after 
extensional tectonism ofthe Basin and Range Disturbance. 

Tbm Hickey Formation basaltic lavas (Middle Miocene) - Basaltic lava flows of the Middle and Late Miocene 
Hickey Formation. Also referred to as the New River Mesa Basalt (Gomez, 1978; Jagiello, 1987). These 
dark grayish brown to dark gray lavas have characteristic intergranular to porphyritic overall textures, 
with clinopyroxene, pigeonite, and altered olivine phenocrysts and microphenocrysts in a framework of 
plagioclase crystals. Olivine phenocrysts are typically altered to reddish orange iddingsite. From Leighty 
(1997), chemical compositions are largely subalkaline (olivine-subalkali basalt and basaltic andesite), as 
defined by their major element (e.g., Si02, Na20+K20) and normative mineral abundances (e.g., 
normative hypersthene» diopside, quartz ~ 0, and nepheline = 0). Columnar jointing and zones of 
vesicles are common in outcrop. The vesicles are open to calcite-filled and 1-5 em in diameter. The lower 
part of this unit (~10 m thick) is a reddish brown to greenish gray, slope-former that is locally 
scoriaceous. It is typically covered by colluvium and talus. The cliff-forming lavas are generally different 
in outcrop color (dark grayish brown) than the underlying Chalk Canyon formation basaltic flows (dark 
gray to bluish gray). This unit is caps New River Mesa, Table Mountain, hill 3291 north of Skunk Creek, 
etc. Similar rocks in nearby quadrangles have been dated at 15.4 to 13.4 Ma (Scarborough and Wilt, 
1979; Doom and Pewe, 1991). 

Tsm Conglomeratic sediments, undivided (Middle Miocene) - Brown conglomeratic sandstone exposed above 
Chalk Canyon formation tuff and beneath Hickey Formation basalt. Clasts generally include subrounded 
red to gray Tertiary basalt with variable amounts of Proterozoic metavolcanic lithologies. Scoured lower 
contacts are common with tuffaceous rocks (Tts). Upper contact with Hickey Formation lavas is typically 
sharp, baked, with thin, clay-rich paleosol horizons locally present. 

Ts Sandstone and conglomerate, undivided (Early to Late Miocene) - Sandstone and conglomerate that is 
similar to other Tertiary sedimentary units, but lacks definitive stratigraphic correlation. These deposits 
typically includes Proterozoic metavolcanic and Tertiary basalt clasts up to boulders in size. 

Tb Basaltic lavas, undivided (Early to Middle Miocene) - Basaltic lavas correlative with either the Chalk 
Canyon formation or the Hickey Formation. Most exposures are probably equivalent to the Chalk Canyon 
formation. The basaltic flows locally contain minor scoria, basalt-related breccia, and volcanic sandstone. 
The most prominent exposures are in the southeastern part of the quadrangle, where this unit includes a 
significant amount of basaltic colluvium. 
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Tsl Fluvial-lacustrine deposits (Early to Middle Miocene) - Fine-grained sedimentary deposits composed of 
thin- to medium-bedded tuffaceous and basaltic sandstone, calcareous mudstone, tan mudstone, calcareous 
mudstone (marl), white dolomitic limestone, limestone, and minor conglomerate, nonwelded tuff, and 
basalt. Sediments are light gray to tan and white. Soft-sediment deformation features are abundant; flare 
structures ofthe upper part of the unit intrude the overlying basalt. Locally gradational with the 
nonwelded tuffunit (Tt). Nonwelded tuffs are also present, but are too thin to map separately. This unit 
typically overlies basaltic flows (Tbl), but also includes thin, highly altered basalt flows of variable 
thickness (up to 4 m). These interbedded, slope-forming, amygdaloidallavas are greenish gray to bluish 
gray, and contain abundant calcite in vesicles and fractures. Excellent exposures of this unit are present at 
New River Mesa, Table Mountain, hil13291 north of Skunk Creek, etc. Equivalent to the upper member 
of the Chalk Canyon formation (Gomez, 1978; Leighty, 1997) and the White Eagle Mine Formation of 
Doom and Pewe (1991). 

Tts Tuff and tuffaceous sandstone (Early Miocene) - White to pale orange-tan tuff and reworked tuff. Tuff 
ranges from white, clast-supported, pumice-rich beds to creamy tan, structureless, pumice-rich layers to 
more fine-grained, massive to laminated beds. Pumice-rich layers (50-100% pumice fragments) are 
typically thin and typically include rounded pumice clasts (up to 1 cm in size) with a very light gray to 
white tuffaceous matrix. Pumice clasts decrease in abundance upwards; these beds are typically 
gradational with matrix-supported, pumice-rich lithic sandstone. Thin beds of laminated, crystal-rich tuffs 
are also common. Linear, near-vertical gas escape fractures are present within the top 15 cm of some tuff 
beds. Small faults are common. Sandstone is generally fine- to medium-grained, moderately well sorted, 
with subangular to rounded Tertiary basalt and pumice fragments, Proterozoic felsic metavolcanic clasts, 
and quartz. Clasts average between 1 mm and 1 cm in size, but some scoria clasts can be as large as 5 to 8 
cm. Fusiform volcanic bombs are also locally present. Lithic-rich sandstone beds commonly overlie tuff 
layers. Many of these sandstone beds are well bedded and may represent reworked lithic tuff. Thin, clast­
supported, pumice-rich beds typically grade upward into structureless, fme-grained lithic sandstone. 
Cyclic variations in grain size are common over a few meters distance. 

Tt Nonwelded tuff (Early Miocene) - Thin-bedded to massive, light gray to white pumice-rich, vitric, or lithic 
tuff and reworked tuff. Includes airfall, ash-flow, and rare surge deposits. These tuffs are typically crystal­
poor. This unit typically crumbles easily, but is locally well-indurated and forms slopes to small ridges. 
This unit is likely correlative with the Early Miocene tuffs of the Chalk Canyon formation. The northern 
slopes of New River Mesa in the Big Spring Canyon area contain roughly 10-20 m of south-dipping tuff 
(100S) that overlies Proterozoic granite and typically underlies thin basalt flows. The lower half is a white, 

laminated to thickly bedded pumice-rich lithic tuff. Lithic clasts typically include metamorphic and 
granitoid compositions. Crossbedding and soft sediment deformation features are also present. The tuff is 
cut by several small (1-2 m) normal faults, probably caused by loading of the basaltic lavas over the tuff. 
The upper section is a heterogeneous sequence of mostly fme-grained, reddish-brown lithic tuff with 
several thin, lighter-colored tuff beds. Several pulses oflapilli-rich tuff are also present (lapilli ~ lcm). 

Ttv Vitric tuff (Early Miocene) - Resistant uppermost tuff at Pyramid Peak. Variable color, largely due to glass 
content and devitrification, includes black, red, pink, and tan. Cryptocrystalline to glassy material 
dominates this rock (30 to 80%), with crystals of plagioclase, sieved plagioclase, biotite, hornblende, 
hematite, pumice clasts and glass shards. Also exposed in other nearby locations (e.g., Apache Peak, 
Elephant Mountain, etc.). 

Tbl Basaltic rocks (Early Miocene) - Dark gray to purplish red basaltic lavas ofthe lower member of the Chalk 
Canyon formation, commonly interbedded with numerous tuff and reworked tuff layers. Typically 
weathered and forms slopes. These lavas are holocrystalline to hypocrystalline «10% dark glass), and 
dominant overall textures include hiatal porphyritic, glomeroporphyritic, and subporphyritic. These rocks 
are typically porphyritic with olivine and lesser clinopyroxene phenocrysts in a pilotaxitic to 
cryptocrystalline groundmass. The main phenocryst assemblages include olivine (3-7%) and olivine + 
clinopyroxene (20%). No feldspathoidal minerals (i.e., nepheline) have been observed in these rocks. 
Euhedral to subhedral olivine «3 mm; FOsTF09o) is variably altered along margins and fractures from 
relatively fresh crystals to totally altered and replaced Fe-Ti oxide pseudomorphs. Most of the olivine 
phenocrysts lack significant compositional zoning and are magnesian in composition (average forsterite 
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contents range from FOs4-F090). Euhedral to subhedral augite crystals «2 mm) are typically zoned (sector 
and oscillatory), rarely twinned, and are generally unaltered. Clinopyroxene compositions include augite, 
diopside, and salite, with sector and oscillatory zoning evident in some lavas. Microphenocrysts include 
altered olivine, augite, and rare plagioclase «3%). Diverse groups ofpolyminerallic glomerocrysts «2.5 
mm) include olivine + plagioclase, clinopyroxene + plagioclase, clinopyroxene + olivine, clinopyroxene + 
olivine + plagioclase (8x5 mm, 2-3 mm average), clinopyroxene, plagioclase, and a trace sieved 
plagioclase. Biotite (1-2%) is commonly present in the stratigraphically lowest basalts (e.g., Pyramid 
Peak, New River, Table Mountain, etc.), typically occurring in small «0.25 mm) interstitial pockets, but 
rarely occurring as <1 mm euhedrallaths. Lava flows higher in the Chalk Canyon formation section are 
generally very similar, except they lack the groundmass biotite. Groundmass textures are largely 
cryptocrystalline to microcrystalline with lesser trachytic (pilotaxitic) and intergranular textures. The fine­
grained groundmass includes labradorite laths (40-60%), unaltered subhedral to anhedral clinopyroxene 
(20-40%), olivine (5%), and opaques «10%, locally in small clusters). The smaller groundmass olivine 
grains are generally more altered than the olivine phenocrysts. Much of the cryptocrystalline material is 
composed of plagioclase, with dark, intergranular glass being present in variable amounts «0-10%). 
These rocks are typically massive, but where vesicular they contain 0-20% rounded vesicles (0.5-10 mm), 
commonly calcite-filled. These lavas are largely alkaline in chemistry and include alkali basalt and 
trachybasalt (Leighty and Glascock, 1994; Leighty, 1997). Basaltic trachyandesite and andesite are also 
locally present in the lower member (e.g., at Pyramid Peak). Higher in the section, compositions range 
from alkaline to transitional (no normative ne or qz, Si02<52 wt%) in chemistry. 

Tvl Intermediate to felsic volcanic rocks (Middle Tertiary) - Andesite, trachyandesite, and trachyte dome, 
short flows, and tuff exposed at several locations across the quadrangle, including Gavilan Peak, New 
River Mesa, Cline Creek, North Mountain, etc. Overall textures are largely porphyritic with trachytic, 
cryptocrystalline, and glassy groundmass textures. Flow-related trachytic textures are observed in all rock 
types, especially in the more silicic compositions. Clinopyroxene compositions include augite, diopside, 
and endiopside in the andesites and diopside to salite in the trachytes (Leighty, 1997). Biotites in the 
trachytes are alkali-rich aluminous biotites. Calcic amphiboles are compositionally distinct between the 
latites (Al-and Fe-rich edenite, Fe-rich pargasite, oxyhornblende) and trachytes (Ti-poor kaersutite, Na­
rich hornblende). The flow in section 20 is a light grayish purple, aphyric rhyolite that contains finely 
laminated dark glassy bands. Gavilan Peak is the only dated felsic unit in the quadrangle (22.0 Ma; )The 
Cline Creek trachyte overlies nonvolcaniclastic conglomerate (Tso), the New River Mesa hornblende 
andesite is interbedded with the lower member of the Chalk Canyon formation, and the North Mountain 
benmoreiite overlies Chalk Canyon formation tuff. 

Tso Nonvolcaniclastic conglomerate (Early Oligocene to Early Miocene) - Reddish-orange pebble-cobble to 
boulder conglomerate and fanglomerate. In the Moore Gulch area, this unit is equivalent to the 
fanglomerate units (Tfl and Tf2) of Maynard (1986). This unit is typically well cemented, crudely to 
poorly stratified, and locally forms steep slopes and cliffs. Poorly sorted, angular to subrounded, pebble- to 
boulder-sized Proterozoic igneous and metamorphic clasts are interbedded with fine-grained, well-sorted 
sandstone. Thin beds of clast-supported conglomerate are interbedded with the more voluminous matrix­
supported beds. Subrounded to subangular clasts of granite, flow-banded rhyolite, obsidian, slate, phyllite, 
chert, and quartz represented in nearby Proterozoic basement are present in a medium-grained (~1 mm), 
Fe-cemented matrix of quartz, K-feldspar, and lithic fragments dominate the Fe-cemented matrix. The 
largest clasts generally range up to boulders in size. Well-developed clast imbrication is locally present, 
especially where bladed metamorphic clasts are dominant. Thickness is variable, but this unit is locally up 
to 150 meters thick. At least 60 m of this well-bedded, indurated conglomerate and conglomeratic 
sandstone is exposed beneath a trachyte unit and Chalk Canyon formation basaltic rocks in the Cline 
Creek area where small south-trending channels filled with fining-upward conglomeratic clasts are also 
present, and clast-imbrications indicate a SSW (SI5W) paleocurrent direction. Unconformably overlies 
the Proterozoic rocks and unconformably underlies the younger Chalk Canyon formation. Likely 
represents the oldest post-Laramide rock unit in the Transition Zone. The lack of Tertiary volcanic clasts 
suggests that the fanglomerate was deposited before significant volcanism in the area, and the large clast 
size, poor sorting, and angularity of many of the clasts suggest that the clasts experienced minimal 
transport. These rocks are typically covered by younger Tertiary rocks and colluvial cover. 
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Early Proterozoic rocks 

Xg Granite - Nonfoliated, medium- to coarse-grained granite exposed along the New River in the northeastern 
part of the quadrangle. Granitic rocks are prevalent in Cholla Basin area and across much of the area 
between Red Mountain and New River Mesa. These rocks contain plagioclase, quartz, and K-feldspar. 
Relatively poor in mafic minerals. Generallyequigranular, with most crystals less than ~5 mm (some K­
feldspars get a little larger). This granite weathers into large boulders, whereas metarhyolitic rocks 
weather in a more angular fashion. Several ferruginous fracture orientations present. The granite is 
related to the felsic rocks of the New River felsic complex (Anderson, 1989b) and is gradational with 
more fine-grained hypabyssal felsic rocks (Xfl ). 

Xfi Felsic hypabyssal(?) rocks - Fine- to medium-grained, seriate-textured felsic subvolcanic rocks exposed 
from the southern New River Mountains to western New River Mesa. 

Xvft Felsic metavolcanic ash-flow tuff - Felsic ignimbrite that forms massive, resistant outcrops. Tan, red, or 
purple. As described by Maynard (1986), this unit has a variable abundance of plagioclase and quartz 
crystals and very little K-feldspar. Petrographic analysis suggests a dacitic composition, but chemical 
analyses are rhyolitic to rhyodacitic. Flattened and stretched pumice fragments and broken crystals of 
plagioclase and quartz common. The groundmass typically includes quartz, plagioclase, sericite, and 
minor epidote and chlorite. Where unaltered, this unit forms rugged and massive tan to red outcrops (e.g., 
in the North Mountain area). Good exposures are also present in the hills east of Table Mountain. This 
unit is highly altered and foliated plagioclase-sericite-quartz phyllite within the Moore Gulch shear zone, 
especially to the west of North Mountain. Bleached, vegetation-poor outcrops result from phyllic and 
argillic alteration. In and around the shear zone, this unit has been variably altered by Fe-rich 
hydrothermal activity, forming distinctive liesegang rings. Sericite and clay largely replace the plagioclase 
phenocrysts. Where densely welded, this rock is black, completely devitrified, and breaks with conchoidal 
fracture. This rock corresponds to the rhyolite ignimbrite unit (nri) of Maynard (1986). 

Xvt Tuffaceous metavolcanic rocks - White, tan to red quartz-sericite phyllite with relict pyroclastic textures. 
This unit may be equivalent to the Xvft unit. Also includes brown to purple lithic tuffs, with 0.1 to 5.0 cm 
aligned lithic clasts. This rock corresponds to the tuff and lithic tuff units (nt and nIt) of Maynard (1986). 

Xvdf Dacitic to rhyodacitic flow - Brown to gray dacite to rhyodacite flows that typically forms rubbly outcrops. 
As described by Maynard (1986), plagioclase (15 to 35%; 2 to 4 mm) and biotite (0 to 10%; 1 to 2 mm) 
phenocrysts are present in a fine-grained sericitic groundmass. This rock lacks significant K-feldspar 
(petrographically classified as a dacite), even though chemistry suggests a rhyodacitic composition. 
Phenocrysts are commonly altered to sericite, epidote, chlorite, and leucoxene. Good exposures are present 
from the hills east of Table Mountain north to North Canyon Creek. The contacts with the felsic ash-flow 
tuffunit (Xvft) are generally gradational, but contacts with the hematitic metasediments (Xst) are sharp. 
This rock corresponds to the dacite flow unit (nrd) of Maynard (1986). 

Xs Metasedimentary rocks, undivided - Weakly to moderately foliated, fine grained slate and phyllite. This 
rock grades laterally into tuffaceous rocks. Possibly correlative with the Alder Group. Equivalent to the 
quartz-chlorite-carbonate rock (np) of Maynard (1986). 

Xsp Pelitic metasedimentary rocks - Weakly to moderately foliated, medium to dark gray to bluish gray to 
purple, very fine grained slate and phyllite. Well exposed south of the West Point area and along the New 
River Road. Massive to well-bedded in beds 0.5 to 10 cm thick. Locally contains graded beds oflithic 
sandstone and minor pebble conglomerate that typically have clasts of pelitic rock fragments. Quartz veins 
are relatively abundant. Minor white to gray, fine- to medium-grained felsic intrusives (Proterozoic) are 
also present. Possibly correlative with the Alder Group. 

Xsf Ferruginous metasedimentary rocks - Fine-grained, very dark gray to purple to red, well-bedded hematitic 
sandstone and shale. Sandstone has locally well-preserved channel-fill conglomerate, graded bedding, and 
rip-up clasts. Equivalent to the hematitic sediments (ns) of Maynard (1986) and possibly the Alder Group. 

Xfc Ferruginous chert - Very fine-grained, dark red to purple to black chert lenses (typically <10 m wide). 
Form bold outcrops and resistant ridges. Red on weathered surfaces and gray on fresh surfaces. Sharp 
contact with surrounding rocks. Layered specular hematite is common along fractures (0.1 to 2.0 mm 
thick). Quartz veins are abundant. Present in Proterozoic rocks of various ages (e.g., Xva, Xsf, Xm). 

29 



Xvs Metavolcanic and metasedimentary rocks, undivided - Moderately foliated, intermediate to felsic 
metavolcanic rocks interbedded with phyllitic metasedimentary rocks in the Gavilan Peak and northern 
Daisy Mountain area. Metasedimentary rocks include gray slate and phyllite, reddish metasiltstone, and 
brown metaconglomerate. This unit may correlate or be gradational with Xvaf. In the southern Daisy 
Mountain area, this unit includes dark brown conglomerate with flattened, subrounded metavolcanic clasts 
that range up to about 25 em in longest dimension. Andesitic clasts are more abundant than felsic clasts. 
Probably gradational with the Xva unit in this area. 

Xva Intermediate metavolcanic rocks, undivided - Greenschist, greenstone, porphyritic greenstone, meta­
andesite, and metadacite, with lesser amounts of more foliated, slaty rock. Well exposed in the Daisy 
Mountain area. Andesitic rocks are medium dark greenish gray, fme-grained to granular, with open vesicles. 
These rocks are variably porphyritic, with plagioclase and hornblende phenocrysts «2 mm) in a fme­
grained matrix. The more dacitic compositions have similar textures as the andesitic rocks (Le., fme-grained 
and granular), but are somewhat lighter in color than andesitic rocks. Greenstone is locally vesicular, 
containing calcite- or chlorite-filled amygdules. Some rocks have a fragmental texture and may represent 
reworked tuff. Ridges typically weather in a blocky or platy fashion. Proto lith may have been andesitic 
dacitic or lavas, with lesser amounts of tuff and reworked lava or tuff. Probably correlative with the 
metavolcanic rocks of the ~1.72 Ga Union Hills Group (Anderson, 1989b). 

Xvaf Intermediate to felsic metavolcanic rocks, undivided - Interbedded intermediate to felsic metavolcanic and 
related rocks. Andesitic rocks are generally massive and weather in a blocky fashion. These fine-grained 
rocks locally contain small plagioclase and hornblende phenocrysts. The andesitic rocks are interbedded 
with grayish phyllite and lighter-colored phyllite and schist. These felsic layers may represent tuff beds, and 
typically contain abundant ferruginous staining. 

Xvf Felsic metavolcanic rocks, undivided - Massive to highly foliated and jointed, fme-grained to granular, 
pinkish gray felsic metavolcanic rocks that include rhyolite, rhyodacite, and dacite lava flows and 
interbedded tuff. Weathers tan to light bluish-gray. Typically silicified and locally altered (ferruginous 
staining), commonly displaying compositional streaking. These units typically contain variable amounts of 
granular quartz and K-feldspar microphenocrysts, and minor biotite, but also are aphyric, lacking significant 
crystal content. Primary flow textures are locally exposed. Commonly more fragmental near the base. 
Exposures in southeastern areas are typically schistose and crystal-rich. 

Xf2 Felsic metavolcanic and hypabyssal rocks, undivided - Medium- to fine-grained, aplitic leucocratic rocks 
ofthe Pyramid Peak area. This unit is a reddish, very fme-grained felsic metavolcanic rock that is possibly 
hydrothermally altered. 

Xqd Quartz diorite - Quartz diorite that intrudes metamorphic rocks northwest of Moore Gulch. As described by 
Maynard (1986), this greenish brown unit is weakly to moderately foliated, with phenocrysts (1 to 5 mm in 
diameter) of whitish, altered feldspar and quartz. The quartz diorite is intensely altered to epidote, 
clinozoisite, sericite, and clay. Subhedral hornblende «15% of the rock) is partially to completely altered to 
chlorite. Quartz (10 to 15%) is also present, with trace amounts of sphene, apatite, and zircon. Numerous 
supracrustal xenoliths are fine-grained, greenish, and dense, with scattered fine-grained reddish garnet. 
Felsite and granite are also present, but are volumetrically minor. Outcrops are typically subdued and highly 
weathered. The contact with the metamorphic rocks is gradational over 15 to 35m. High-grade 
metamorphic minerals are absent in adjacent wall rocks. Foliation in this unit is similar to that of the 
metamorphic wall rocks. Equivalent to the quartz diorite of Bland (1.72 Ga; DeWitt, 1989). 

Xm Metamorphic rocks, undivided - Moderately to highly foliated phyllite and schist. Described by Maynard 
(1989) as the Moore Gulch Group, these rocks are largely exposed northwest of the Moore Gulch shear 
zone and include several different lithologic types. Quartz-chlorite phyllite (mpI of Maynard, 1989) is 
green, fine-grained, and weakly to strongly foliated. Thin chert and marble layers are common in these 
rocks, which may have had a graywacke proto lith. The quartz-sericite-chlorite-carbonate phyllite (mp2 of 
Maynard, 1989) is fine grained, buff to greenish brown, and moderately to strongly foliated. Marble lenses 
are common in these rocks that may have had a limy sandstone proto lith. Quartz phyllite (mp30fMaynard, 
1989) is tan to brown, moderately foliated, and breaks with conchoidal fracture. These phyllites may have 
had a rhyolite protolith. The quartz-chlorite schist (ms of Maynard, 1989) is blue-green to green, fissile, and 
strongly foliated. These rocks may have had a sandy siltstone protolith. 
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