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Surficial Map Unit Descriptions
Surficial Units

    Disturbed ground (Modern) d

Hillslope talus and colluvium (Holocene and Pleistocene) - Poorly sorted, angular gravel, sand, silt and
    clay deposits mantling bedrock-cored hillslopes. Deposits are derived from bedrock immediately
    beneath them or farther upslope. Deposits are typically quite thin, generally a few feet thick or less.

Qtc

Low river terrace and floodplain deposits (Latest Holocene) - Unconsolidated sand, pebble, silt and
    cobble deposits associated with low terraces and floodplain areas that are subject to inundation in
    moderate to large floods. These terraces are predominantly fine-grained on the surface but some
    coarse gravelly to cobbly beds are exposed locally. Surface color is gray to brown. Qy3r surfaces
    typically are 5 or less above the active channel. These surfaces are generally planar but exhibit bar
    and swale microtopography. 

Qy3r

Flood channel and low terrace deposits (Latest Holocene) - Unconsolidated sand, pebble, silt and
    cobble deposits found adjacent to active channels that form lightly vegetated in-channel bars, small
    planar fluvial terraces less than 3 ft above active channels, and recent erosional meanders outside
    the presently active channel. These surfaces are commonly inundated under moderate to large flow
    events. These deposits do not exhibit soil development.

Qy4r

Low intermediate river terrace deposits (Late Holocene) - Unconsolidated sand, pebble, silt and cobble
    deposits associated with low intermediate terraces that are subject to at least partial inundation in
    larger floods. These terraces appear predominantly fine-grained on the surface but have open gravel
    lags. Limited exposures reveal some coarse gravelly to cobbly beds in the subsurface. Soil
    development is very weak to moderate and surface color is gray to brown; incipient stage I calcic
    horizons development was observed in a few exposures. Qy2r surfaces typically are 5 to 10 above
    the active channel.

Qy2r

Intermediate river terrace deposits (Early to late Holocene) - Unconsolidated sand, pebble, silt and
    cobble deposits associated with intermediate terraces that record older Holocene aggradation
    periods. These terraces appear predominantly fine-grained on the surface but have open gravel lags.
    Limited exposures reveal some coarse gravelly to cobbly beds in the subsurface. Soil development is
    weak to moderate and surface color is gray to brown; stage I calcic horizons are typical. Qy1r
    surfaces typically are 10 to 20 ft above the active channel.

Qy1r

Older river terrace deposits (Late Pleistocene) - Unconsolidated sandy wash deposits located well
    outside the zone of modern sediment transport in Detrital Wash. Deposits are capped with pebbles to
    cobbles of diverse sub to well rounded clast lithologies not found in local fan deposits upslope.
    Deposits are largely unvegetated with the exception of small weeds and the occasional creosote. 

Qir

Piedmont Deposits

Deposits in active tributary channels (Latest Holocene) - Loose gravelly and sandy deposits
    associated with active channels of tributary washes. Depicted where channels are sufficiently
    large to depict at the map scale. Deposits consist of sand, pebbles, cobbles, and boulders in
    middle and upper piedmont areas; in lower piedmont areas, channel deposits consist of pebbles,
    sand and small cobbles. Vegetation consists of trees and large bushes lining channels, but is
    sparse and small in channels.

Qyc

Deposits associated with active washes and drainageways (Late Holocene) - Unconsolidated sand,
    silt and gravel deposits associated with active drainages. Deposits include sand, cobbles and
    boulders and silt in upper and middle piedmont areas, and small cobbles, pebbles and sand in
    middle and lower piedmont areas. Fine-grained deposits commonly mantle terraces, and are
    generally brown to gray.

Qy3

Very young fine-grained sheetflood deposits (Latest Holocene) - Loose sand, silt, and minor gravel
    in laterally extensive areas of recent sheetflooding, including silt, sand, clay, granules and
    pebbles; soil development is weak; surface topographic relief is minimal; modern washes incised
    up to 1m below Qys surfaces

Qys

Low terrace and floodplain deposits (Late Holocene) - Unconsolidated sand, silt and gravel deposits
    with weak soil development associated with broad valley floors, low terraces and sheetflood
    areas. Channels included in this unit are small and discontinuous. Deposits are predominantly
    sand and silt, but in upper piedmont areas include cobbles and small boulders. Topographic relief
    across Qy2 surfaces is generally very low.

Qy2

Young alluvial fan deposits (Middle to late Holocene) - Unconsolidated laterally extensive gravel and
    sand deposits associated with active or recently active alluvial fans. Deposits consist of cobbles,
    pebbles, sand, and boulders; locally fan deposits include abundant small to medium boulders.
    Farther down piedmonts, deposits are primarily fine gravel, sand and silt. Soil development is
    weak, surfaces typically are brown, and vegetation typically is sparse and relatively small.

Qya

Terrace and inactive alluvial fan deposits (Early to middle Holocene) - Unconsolidated to weakly
    consolidated sand, pebble, cobble, and locally boulder deposits associated with low to
    intermediate terraces and inactive alluvial fans. Surface gravel characteristically has weak rock
    varnish, and soil development is weak to moderate. Qy1 surfaces are generally at least 3 ft above
    adjacent active washes, and for the most part are not subject to active erosion or deposition
    associated with these washes.

Qy1

Young debris flow deposits (Holocene) - Coarse to very coarse deposits associated with small,
    steep tributaries draining mountain slopes. Deposits consist of cobbles and small to medium
    boulders in linear concentrations or lobes.

Qyd

Young alluvium, undivided (Holocene) - Unconsolidated sand, gravel, and silt deposits associated
    with active or recently active drainageways.Qy

Intermediate alluvial fan and terrace deposits (Late Pleistocene) - Gravelly deposits with moderate
    dissection and weak to moderate soil development. Deposits consist of cobbles, pebbles, sand,
    silt and some boulders. Soil development typically consists of cambic horizon and stage II to III
    calcic horizon; surface gravel clasts have weak to moderate rock varnish. Gravel surface lags to
    weak pavements are common. Surfaces and near-surface soil horizons are slightly reddened.

Qi3

Older intermediate alluvial fan and terrace deposits (Middle to late Pleistocene) - Gravelly deposits
    with moderate dissection and moderate soil development. Deposits consist of cobbles, pebbles,
    sand, silt and some boulders. Soil development typically consists of cambic or weak clay argillic
    horizon and stage III to IV calcic horizon; surface gravel clasts have moderate to strong rock
    varnish. Where surfaces are well-preserved, they are covered by tight gravel surface lags to
    strong, dark pavements, depending on rock types. Surfaces and near-surface soil horizons are
    obviously reddened.

Qi2

Intermediate alluvium, undivided (Middle to late Pleistocene) - Gravel and sand deposits associated
    with small alluvial fans and terraces, typically close to or within the mountains.Qi

Old alluvial fan deposits (Middle to early Pleistocene) - Gravelly deposits with moderate to deep
    dissection and strong calcic soil development. Deposits consist of cobbles, pebbles, sand, silt and
    some boulders. Soil development typically consists of cambic horizons and stage IV to V
    petrocalcic horizons; surface gravel clasts have variable rock varnish, but some clasts are darkly
    varnished. Original depositional surfaces typically are poorly-preserved, and calcium fragments
    derived from petrocalcic horizons are common on the surface. Surfaces commonly are broadly
    rounded and up to 20 feet above adjacent active washes.

Qi1

Very old alluvial fan deposits (Pliocene-Quaternary) - Deeply dissected high alluvial fan remants.
    Deposits are very poorly sorted, with particles ranging in size from medium boulders to clay, but
    consist mostly of cobbles, pebbles and sand. QTa deposits form rounded ridgecrests and are
    relatively thin over bedrock; in these settings, they were originally mantled bedrock pediments
    that have subsequently been dissected. 

QTa

Deposits of Detrital Wash

Active river channel deposits (Latest Holocene) - Loose, sandy to cobbly beds in channels and low
    bars and silt-clay beds to draping less active channel elements. Clasts range from rounded to
    angular. These deposits are the first to become submerged during flow events. In some areas,
    channel deposits are very thin to discontinuous exposing underlying older deposits.

Qycr
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Introduction 
The Middle Water Spring 7½' Quadrangle encompasses parts of Detrital Valley and the eastern side of the 
northernmost Black Mountains, in the Basin and Range Province of northwestern Arizona. This map depicts the 
Precambrian and Cenozoic bedrock in the mountains and late Cenozoic surficial deposits in the valley. 
Production of this new geologic map continues the Arizona Geological Survey mapping program in 
northwestern Arizona that includes the Grasshopper Junction 7½' Quadrangle to the south (Ferguson et al., 
2009), Dolan Springs 7 ½’ Quadrangle to the east (Ferguson et al, 2010), White Hills West 7 ½’ Quadrangle to 
the north (Ferguson et al, in 2012), and several 7½' quadrangles farther southwest in the Colorado River Valley. 
This mapping was done under the joint State-Federal STATEMAP program, as specified in the National 
Geologic Mapping Act of 1992, and was jointly funded by the Arizona Geological Survey and the U.S. 
Geological Survey under STATEMAP Program Contract award number G10AC00428. Mapping was compiled 
digitally using ESRI ArcGIS software. 

Most of the Middle Water Spring Quadrangle is underlain by late Cenozoic clastic sedimentary deposits that are 
very thin adjacent to the Black Mountains, but are at least 1500 feet thick along Detrital Valley in the eastern 
part of the quadrangle (Richard et al., 2007; Mason et al., 2007). These deposits consist mostly of sand and 
gravel in alluvial fans that flank the valley and a fine-grained axial facies. The surface of the valley is covered by 
relatively thin deposits of various ages ranging from Pliocene to modern. Detrital Valley has undergone very 
little incision during the Quaternary, and thus most of the valley topography is relatively smooth. In general, 
upper piedmont areas are dominated by moderately coarse to very coarse alluvial fan deposits of various ages; 
late Pleistocene and younger, relatively fine-grained deposits are prevalent on the lower piedmonts and along 
Detrital Wash. Extensive, complex distributary drainage systems in piedmont areas are outlined by the extent of 
late Holocene deposits. In these areas, this geologic map indicates areas of potential flood hazards due to 
complex flow paths and widespread sheetflooding.  

Bedrock units are exposed in the Black Mountains along the west side of the map area. They consist of 
Proterozoic metamorphic rocks and Miocene intrusive, volcanic, and sedimentary rocks. Proterozoic granitoid 
gneiss and amphibolite are the most widespread units. In the west-central part of the quadrangle they have 
been intruded by the Mount Perkins pluton and related Miocene intrusions. Dikes related to late stages of 
Miocene magmatic activity have intruded Proterozoic metamorphic and older Miocene plutonic rocks throughout 
the area. Miocene supracrustal rocks, exposed in the northwest corner of the quadrangle, include basal arkosic 
sandstone and conglomerate overlain by the 18.5 Ma Peach Springs tuff, and Middle Miocene volcanic units 
stratigraphically above these rocks that range in composition from rhyolite to basalt lavas with associated 
volcaniclastic rocks. The supracrustal units are mainly restricted to the hanging wall of the Mockingbird Mine 
fault, which dips gently northeast. The fault originated as a high-angle normal fault and was tilted to its present 
orientation during Middle Miocene extension, which also resulted in steep to moderate westward tilting of rocks 
in the footwall and hanging wall (Faulds et al., 1995). The Mount Perkins pluton, in the footwall of the 
Mockingbird Mine fault, was emplaced as a series of tabular intrusions before the onset of extension and was 
tilted steeply westward, so that the base is now on the east side of the pluton and the roof is on the west side. 
Middle Miocene dikes were emplaced during extension and were tilted from initial vertical dips to present 
moderately east-dipping orientations. 

The composite Mount Perkins pluton consists of layered mafic cumulates at the base, younger intermediate and 
commingled mafic and felsic intrusions in the middle, and the youngest granitic rocks in the upper part. 
Granodiorite from the upper part of the pluton has been dated by 40Ar-39Ar biotite methods at 15.96 +/- 0.06 Ma 
(Faulds et al., 1995). Petrology of the Mount Perkins pluton, including a geochemical and isotopic study, has 
been described by Metcalf et al. (1995). They identified four intrusive phases and proposed a genetic model 
involving injection of mantle-derived mafic magma into a chamber containing felsic crustal melt. The chamber 
evolved through fractional crystallization of the mafic magma and mixing of mafic and felsic magmas. The 
pluton was assembled as various parts of the evolving magma chamber were tapped. 
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Mapping Responsibility

Structure Symbol Descriptions

strike and dip of tectonic foliation42

strike and dip of flow foliation 
in lavas and hypabyssal rocks36

strike and dip of cumulate foliation18

strike and dip of bedding, tops known24

strike and dip of overturned bedding30

strike and dip of bedding42

trend and plunge of mineral-aggregate lineation
42

dip of contact or dike24

strike and dip of vein

trend and plunge of stretching lineation, 
down-plunge relative movement of upper
 member of shear couple indicated

trend and plunge of stretching lineation, 
up-plunge relative movement of upper 
member of shear couple indicated

strike and dip of preferred mica orientation in TXg42

12

14

46

Bedrock Map Unit Descriptions
The following units and descriptions are based strictly on our mapping, and no 
attempt is made here to reconcile any observations or interpretations that differ 

from those of previous workers.

Granite, granodiorite (Miocene) - Biotite monzogranite to granodiorite composed of medium- to
    fine-grained K-feldspar (commonly 2-5 mm, locally up to 1 cm), fine- to medium-grained
    plagioclase, fine-grained quartz, and 3-10% fine-grained biotite.  The unit includes some
    quartz monzonite and quartz monzodiorite, especially in the upper 400 m of the pluton where
    fine-grained quartz monzodiorite containing 12-15% biotite (commonly chloritized) forms a
    locally distinct belt of spheroidally weathered outcrop, but grades laterally into granodiorite
    with less biotite and more resistant outcrop.  Granite and granodiorite near the roof of the
    pluton commonly is composed of euhedral 2-5-mm K-feldspar and plagioclase, anhedral
    quartz (mostly 1 mm and less), 1-2% biotite, and interstitial, fine-grained, quartzofeldspathic
    groundmass that forms <50% of the rock.  Aplite and minor local pegmatite segregations
    occur within this zone.

Tg

dike

Granite and granodiorite with mafic inclusions (Miocene) - Medium-grained monzogranite to
    granodiorite containing 2-15% fine-grained biotite and 5-50% pillow-like inclusions of dark
    gray, fine-grained to aphanitic mafic rock.  The granite to granodiorite host locally grades into,
    and in other places has been intruded by, granite and granodiorite of unit Tg.  The mafic
    inclusions mostly appear to be hornblende diorite, and some contain biotite.  Most of them are
    a few cm to 1 m across, but they range up to several m long.  Many of the inclusions have
    crenulate, sharp, chilled margins, notably darker and finer-grained than the interiors.  Some
    inclusions contain quartzofeldspathic amygdules, which form individual and coalesced
    spheroids ranging from a few mm to a few cm across.  Amygdules are most common in
    aphanitic inclusions with crenulate, chilled margins.  In addition to the pillow-like inclusions,
    which are interpreted as having formed from mafic magma emplaced into still-molten or only
    partially crystallized granite-granodiorite host, unit Tgi also contains xenoliths of gabbro,
    quartz diorite, and gneiss.  Field relationships clearly indicate that the gabbro and quartz
    diorite xenoliths were derived from units Tgb and Tqd and the gneiss was derived from
    Paleoproterozoic units.

Tgi

Granodiorite with sparse mafic inclusions (Miocene) - Fine- to medium-grained biotite
    granodiorite to monzogranite containing sparse (<5%) pillow-like inclusions of dark gray,
    fine-grained to aphanitic mafic rock, generally <15 cm across.  The granodiorite is typically
    fine-grained with 15-20% medium-grained (2-6 mm) K-feldspar phenocrysts.  This unit grades
    into more inclusion-rich unit Tgi.  Contacts with medium-grained monzogranite of unit Tg are
    locally distinct, but feldspars cross the contact and the K-feldspar phenocrysts in the
    fine-grained porphyritic phase look identical to those throughout the medium-grained
    monzogranite.

Tgis

Granodiorite with >50% mafic inclusions (Miocene) - Fine- to medium-grained biotite
    granodiorite to monzogranite containing 50-80% pillow-like inclusions of dark gray,
    fine-grained to aphanitic mafic rock.  The inclusions display the same characteristics as those
    described for unit Tgi, and this unit grades into unit Tgi.  The granitic host, which typically
    contains 15-20% biotite, locally grades into, and in other places has been intruded by, granite
    and granodiorite of unit Tg.

Tgim

Quartz diorite, diorite, granodiorite (Miocene) - Suite of mesocratic plutonic rocks, consisting
    predominantly of fine- to medium-grained quartz diorite, with less abundant granodiorite (or
    tonalite) and diorite.  Quartz diorite contains 30-50% mafic minerals, including biotite (5-20%)
    and either hornblende or clinopyroxene (or both).  Traces of sphene are common. 
    Granodiorite is typically fine-grained and contains 20-30% mafic minerals of the same
    assemblage.  Diorite contains no more than 5% biotite, some of which appears to form
    reaction rims on faces of clinopyroxene.  Rocks of this suite are light to medium gray, and the
    biotite-rich phases form brown-weathered, rounded outcrops.  In some places, unit Tqd
    exhibits commingled contacts between medium-grained and fine-grained phases of the suite. 
    The fine-grained phase generally appears to be more quartz-rich (granodiorite or tonalite) and
    appears to have intruded the medium-grained phase.  Unit Tqd also contains some
    medium-grained quartz monzodiorite or quartz monzonite, which locally contains fine-grained
    mafic inclusions (diorite?) and locally has intruded medium-grained quartz diorite and diorite. 
    Variation among rocks of the suite is inferred to reflect different degrees of hybridization
    between granitic and mafic magmas.  All rocks of the Tqd suite have locally been intruded by
    fine- to medium-grained leucocratic granite or granodiorite of unit Tg.

Tqd

Gabbro (Miocene) - Medium- to coarse-grained gabbro composed of 50-60% plagioclase and
    40-50% clinopyroxene (augite?).  Coarse-grained gabbro is commonly poikilitic, with
    oikocrysts of clinopyroxene up to 4 cm enclosing plagioclase.  Fine- to medium-grained
    leucogabbro containing <25% clinopyroxene is locally present but uncommon.

Tgb

Topographic base from USGS 1:24,000 Quadrangle Series
Contour interval: 10 feet (low relief areas), 40 foot (high relief areas) 
generated using iGage All Topo Pro software
Projection: UTM Zone 11N; Datum: NAD83

Olivine gabbro (Miocene) - Medium-grained, equigranular to poikilitic, rusty brown-weathered
    olivine gabbro.  Olivine throughout the unit has been replaced by serpentine pseudomorphs. 
    Where the texture is poikilitic, oikocrysts of clinopyroxene enclose cumulus grains of
    plagioclase and serpentinized olivine.  Parts of this unit display cumulate layering.

Tog

Olivine gabbro, melanocratic, poikilitic (Miocene) - Medium- to coarse-grained, poikilitic olivine
    melagabbro, composed of 20-50% cumulus olivine pseudomorphs (replaced by
    orange-brown-weathered black serpentine), 40-60% cumulus and postcumulus clinopyroxene
    (cumulus crystals and oikocrysts), and 10-35% plagioclase (nearly all of which is
    intercumulus).  Clinopyroxene oikocrysts up to 5 cm across enclose cumulus olivine
    pseudomorphs.  Magnetite also is present (several percent) either as a cumulus phase or as
    another replacement product of olivine.  Rocks of this unit are hard, dense, dark green-gray,
    and weathered dark brown to black.  Cumulate layering is evident on weathered surfaces.

Tom

Biotite granite dikes (Tertiary - Paleoproterozoic) - Fine-grained, equigranular, granite or granodiorite
    dikes containing 10-15% biotite.  These dikes locally exhibit a weak to moderate foliation defined
    by aligned biotite, and they have been intruded by pegmatite dikes.

TXg

Tonalitic gneiss (Paleoproterozoic) -  Foliated to gneissic granitoid ranging from tonalite to diorite in
    composition, commonly with thin amphibolite or hornblendite layers and local pegmatite.  The
    granitoid is mostly fine- to medium-grained tonalitic gneiss containing 25-40% biotite and
    hornblende in variable proportions.  The amphibolite layers range from a few mm to a few m thick
    but are typically <30 cm thick.  In the southeastern part of this unit, coarse-grained biotite
    tonalite to granodiorite is the predominant rock type.

Xgt

Amphibolite (Paleoproterozoic) - Amphibolite, locally interfoliated with quartzofeldspathic
    paragneiss, granitoid gneiss, fine-grained biotite-quartz-feldspar gneiss, and pegmatite. 
    Discordant pegmatite is also present.

Xga

Heterogeneous gneiss (Paleoproterozoic) - Heterogeneous granitoid gneiss, paragneiss,
    amphibolite, and pegmatite.  Most of this unit is granitoid gneiss, in layers a few cm to several m
    thick, with interfoliated biotite-rich paragneiss layers a few mm to a few cm thick.  Many of the
    biotite-rich layers contain garnet porphyroblasts, or pseudomorphs of garnet porphyroblasts,
    locally up to 2 cm (they appear to be composed of fine-grained biotite, quartz, and relict garnet). 
    Garnet porphyroblasts also occur in granitoid gneiss adjacent to paragneiss layers.  Other rocks
    in this unit include amphibolite, fine-grained biotite-quartz-feldspar gneiss, quartzofeldspathic
    paragneiss, and rare epidote calcsilicate and quartzite.  Leucogranite and pegmatite are locally
    interfoliated, locally discordant.

Xgn

Volcaniclastic conglomerate (Miocene) - Conglomerate, pebby sandstone, and sandstone
    containing clasts of rhyolite, dacite, and andesite.  Generally medium- to thick-bedded and mostly
    clast-supported, although some thick massive units are matrix-supported. Sandy matirx is
    generally reddish, and non-volcanic clasts are conspicuously absent.

Tc

Rhyolite (Miocene) - Phenocryst-poor rhyolite lava and tuff undifferentiated, including up to 30%
    volcaniclastic conglomerate. Clasts in the conglomerate are dominantly rhyolitic, but also include,
    dacite, andesite, and basalt.

Tr

Upper andesite (Miocene) - Phenocryst-poor andesite containing <5% 1-2mm plagioclase, and
    pyroxene.  Tau

Basalt (Miocene) - Basalt lava including minor undifferentiated interbeds of basaltic scoria, tephra,
    and volcaniclastic rocks.  Basalt lava contains 2-10% phenocrysts of olivine, pyroxene, and
    plagioclase.

Tb

Andesite (Miocene) - Andesitic lava with minor undifferentiated pyroclastic and volcaniclastic
    interbeds. Lava contains up to 15% phenocrysts of plagioclase <4mm, and lesser <2mm
    pyroxene, and olivine. 

Ta

Phenocryst-rich andesite (Miocene) - Andesitic lava containing 5-25% phenocrysts of plagioclase up
    to 8mm, and lesser, altered mafics, probably pyroxene <4mm.  This unit occurs interbedded
    with the volcaniclastic conglomerate (Tc)

Tax

Felsic pyroclastic and volcaniclastic rocks (Miocene) - medium- to thick-bedded conglomeratic
    volcaniclastic rocks and felsic, nowelded tuff.  Clasts are dominantly dacitic and rhyolitic
    (phenocryst-poor and phenocryst-rich volcanics with biotite phenocrysts). Andesitic, mafic, and
    non-volcanic clasts are rare to absent.

Ttl

Dacite (Miocene) - Dacitic lava, tuff, and breccia containing 10-35% phenocrysts of plagioclase
    (1-8mm), biotite (<4mm), and/or hornblende (<4mm), and/or pyroxene (<2mm). Td

Peach Springs Tuff (Miocene) - Ignimbrite containing 15% phenocrysts of K-feldspar (<6mm) > 
    plagioclase (<3mm), and < 1% biotite. Pumice, up to 20cm, make up 10% of the rock.Tps

Arkosic sedimentary rocks (Miocene) - Arkosic sandstone, pebbly sandstone, and conglomerate
    containing clasts of plutonic and metamorphic rocks; volcanic clasts conspicuously absent.Tak

Basaltic dikes (Miocene) - Mafic dikes containing sparse phenocrysts of olivine, pyroxene, and
    plagioclaseTbi

Diabase and gabbro dikes (Miocene) - Diabase and gabbro dikes (Miocene) – Dikes ranging from
    fine-grained diabase to medium-grained gabbro.  Diabase dikes are generally <10 m thick and
    display subophitic texture.  Near the margins, many dikes grade to aphanitic with phenocrysts or
    glomerocrysts of plagioclase 1-8 mm long.  Phenocrysts of augite up to 5 mm long are common
    near the margins, and in the interiors of some dikes.  Medium-grained, equigranular gabbro forms
    the larger dikes of this suite, 10-50 m thick.  These are composed of 40-50% clinopyroxene
    (augite), 50-60% plagioclase, trace magnetite, and trace to 1% sphene.  Near their tips, thick
    gabbro dikes grade along strike to thin diabase dikes, in some cases terminating in horsetail
    splays.

Tdb

dike

Aplitic porphyry dikes (Miocene) - Porphyry dikes containing 2-10% K-feldspar phenocrysts (2-4
    mm, euhedral, commonly Carlsbad-twinned), 0-10% quartz phenocrysts (1-2 mm, equant,
    anhedral to subhedral), and trace to 1% biotite (up to 2 mm) in a white to light-gray, aplitic to
    aphanitic groundmass.  Biotite and K-feldspar are locally altered, imparting a rusty-yellow color to
    some dikes.

Tpa

dike

Granitic porphyry dikes (Miocene) - Porphyry dikes containing K-feldspar phenocrysts up to 1 cm,
    1-2% quartz phenocrysts, and <5% fine-grained mafic minerals in an aplite groundmass,
    weathered rusty yellow.  Minerologically, these dikes resemble rocks within the porphyritic
    marginal phase of unit Tgg monzogranite.

Tpg

dike

Zoned composite dikes and related felsic porphyry dikes (Miocene) - Dikes composed of felsic
    porphyritic interior zones and mafic marginal zones.  Interior zones are light-gray and
    fine-grained, with typically sparse (2-10%) feldspar phenocrysts 3-10 mm long (up to 20 mm in
    some dikes) and 2-15% mafic minerals.  Mafic minerals include fine-grained biotite (typically
    chloritized, mostly <1 mm, locally up to 2 mm) and, in some dikes, hornblende or pyroxene up
    to 5 mm long.  The feldspars include tabular, euhedral, light-gray to pink, Carlsbad-twinned
    K-feldspar and tabular to ovoid, euhedral to subhedral, commonly zoned, generally altered
    (sericitized), white to light-gray plagioclase.  Some feldspar phenocrysts, especially larger ovoid
    ones, consist of K-feldspar cores mantled by plagioclase rims (rapakivi texture).  Some dikes
    contain up to 1% 1-mm quartz phenocrysts, and most have sparse mafic inclusions up to several
    cm across.  The inclusions are fine-grained, gray, and some contain the same phenocryst
    assemblage as the host porphyry. The marginal zones of Tpz dikes are fine-grained diabase,
    commonly containing sparse 2-4-mm phenocrysts of plagioclase and pyroxene.  Contacts
    between the interior and marginal zones range from sharp to gradational over a few m, but are
    most commonly gradational over a few cm, suggesting that the mafic marginal-zone and felsic
    interior-zone magmas were emplaced nearly simultaneously.  Along strike, some dikes grade to
    either felsic porphyry or diabase without the zoned composite character.  While they are different
    from other dikes in the map area, there is variation among dikes mapped as Tpz, and not all are
    necessarily cogenetic.  Moreover, some of the dikes resemble other plutonic units in the area and
    may be cogenetic with those other units.  For example, the interiors of some dikes are identical to
    quartz monzodiorite in the upper part of unit Tg, dikes that contain zoned (rapakivi) feldspar
    phenocrysts are likely related to unit Tgp, and the mafic marginal zones resemble diabase of unit
    Tdb.

Tpz

dike

Coarse-grained leucocratic monzogranite (Miocene) - Medium- to coarse-grained (5-8 mm),
    equigranular monzogranite containing <5% biotite.  Near intrusive contacts with country-rock
    gneiss, equigranular granite grades to phenocryst-rich quartz-feldspar porphyry with hardly any
    biotite, and with aplite and small pegmatitic quartz segregations locally.  The porphyry phase
    contains phenocrysts of K-feldspar (typically 2-8 mm, locally up to 2 cm) and quartz (1-4 mm),
    and its contacts with the coarse-grained granite are sharp to gradational over up to 5 cm.  Where
    contacts are sharp, porphyry has intruded the coarse-grained granite.

Tgg

Porphyritic biotite granite (Miocene) - Medium-grained, porphyritic monzogranite to granodiorite,
    containing 10-20% biotite and up to 15% phenocrysts of K-feldspar (5-25 mm) and plagioclase
    (4-8 mm).  The K-feldspar phenocrysts typically display Carlsbad twinning and some have rims of
    white plagioclase <2 mm thick (rapakivi texture).

Tgp

35 strike and dip of eutaxitic foliation

Late
Holocene

Pleistocene

Holocene

Pliocene

Miocene

Qu
ate
rna
ry

Te
rtia
ry

Pr
ote
roz
oic

Tax

Tom
Tog

Tpg

Qy3Qys Qy4r
Qy2r

Qtc

TXg

Qyc

Qy2Qya
Qy Qyd

Qi3
Qi2

Qi

Qi1

QTa

Qy1

Td
Tc

Tr

Tbi

TbTa
Tau

Td
Tps
Tak

Tgi Tgim Tgis
Tg

Tdb TggTpa

Tpz

Tgp

Tqd

Tgb

Xgn Xga Xgt

d

Qir

Qir

Qy3r
Qycr

Xg

Tpp

?

?

??

?

?

Stratigraphic Correlation Diagram

Biotite granite gneiss (Paleoproterozoic) - Medium- to coarse-grained, feldspar porphyritic granite
    containing 15-30% chloritic biotite.  The granite is typically strongly to moderately foliated; the
    texture is typically recrystallized mylonitic fabric.

Xg

Line Symbol Descriptions

accurately located fault

mapped boundary

concealed fault

approximately located fault

concealed contact

approximately located contact

accurately located contact

Porphyritic granitic rocks (Miocene) - Porphyritic leucogranite and variably biotite-phyric 
     granitic rocks containing 10-15% feldspar phenocrysts (1-3 mm; mostly plagioclase) 
     and up to 5% quartz phenocrysts (less than 2 mm) in a fine-grained groundmass.

Tpp

trend and plunge of slickenlines indicating down-
plunge relative movement of hanging wall
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