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Introduction

The Mineral King pendant is an ~15-km long, NW -striking 
assemblage of Permian to mid-Cretaceous metavolcanic 
and metasedimentary rocks that form a steeply dipping 
wall rock screen between large mid-Cretaceous plutons of 
the Sierra Nevada batholith. 

Pendant rocks are generally well-bedded, and character-
ized by NW-striking, steeply dipping, bedding-parallel 
cleavage and �attening foliation, and steeply NW-plung-
ing stretching lineation. 

NW-elongate lithologic units with well-developed parallel 
bedding and an absence of prominent faults or shear 
zones suggests a degree of stratigraphic continuity.  

However, U/Pb zircon dating of  rocks across the pendant 
indicates a complex pattern of structurally interleaved 
units with ages ranging from 276 Ma to 100 Ma.

  

Results

We utilize a compilation of 39 existing and new U/Pb 
zircon ages and 4 reported fossil localities to construct a 
revised geologic map of the Mineral King pendant that 
emphasizes age relationships rather than lithologic (e.g. 
Sisson and Moore, 2013) or stratigraphic (e.g. Busby- 
Spera, 1983) correlations.  

On the map at right, units of similar age based on our 
dating results are grouped by color, allowing structural 
assemblages to be more clearly identi�ed. 

Three prominent structural/stratigraphic discontinuities are 
present:

1. Between middle Permian strata and late Triassic units. This 
may represent a late Permian unconformity, complicated by 
repeated slices of Triassic rocks suggesting fault imbrication. 
Indicated in blue on the Speculative Major Structures map. 

2. At the base of the 135 Ma felsic volcanic rocks. Contact 
with older rocks appears to be a tightly folded angular un-
conformity. Indicated in orange on the Speculative Major 
Structures map.

3. All contacts between the 105 to 100 Ma felsic volcanic 
units (Kma and Kmrd) and older strata. Discordant contacts 
may indicate fault imbrication into older units during vertical 
extension. Indicated in black on the Speculative Major Struc-
tures map.
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Summary

We �nd that in the Mineral King pendant apparently coherent 
lithologic units are lensoidal and discontinuous, and cryptically in-
terleaved at meter to km scales. 

Along-strike facies changes and depositional unconformities 
combine with km-scale tight folding and structural imbrication to 
create a complex map pattern with numerous discordant units. 

Discrete faults or major shear zones are not readily apparent in 
the exposed pendant rocks, although such structures would seem 
necessary to produce the structural complications revealed by 
our new mapping and U/Pb dating. 

We interpret the Mineral King pendant to be structurally imbricat-
ed by a combination of km-scale tight to isoclinal folding and 
cryptic thrust(?) faulting, accentuated by, and eventually ob-
scured by, pervasive �attening and vertical stretching that pre-
ceded and accompanied emplacement of the bounding mid-Cre-
taceous plutons. 

Close juxtaposition of rhyolite tu�s deposited subaerially at ~100 
Ma and large granitic plutons crystalized at  ~11 km depth at 98 
Ma (Klemetti et al., 2013) suggests that the �nal phase of defor-
mation involved very rapid downward displacement of Mineral 
King pendant rocks during upward emplacement of granitic plu-
tons. 

We emphasize that much of the structural complexity in the Min-
eral King pendant is identi�able only through detailed dating. 
Other Sierran pendants may also prove to have much more com-
plex structural histories than are presently documented. 

Structural imbrication and stratigraphic discontinuities 
in the Mineral King pendant appear to  result from some 
combination of:

1. At least one phase of contractional deformation 
post-late Triassic time, possibly resulting in folding and 
thrust imbrication of Permian and Triassic strata.

2. Major contractional deformation post-135 Ma, result-
ing in km-scale tight to isoclinal folding of early Creta-
ceous felsic volcanic strata (predominantly Kmrt and 
Kvcs) as well as the previously deformed Permo-Triassic 
and Jurassic sections.

3. Mid-Cretaceous ductile �attening and vertical 
stretching superimposed on all units during emplace-
ment of the enclosing granite plutons.
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Sisson, Thomas  W. and James G. Moore (2013). 
Geologic Map of Southwestern Sequoia National Park,

Tulare County, California. USGS Open-File Report 2013-1096.

QUATERNARY 
Surficial deposits – unconsolidated surficial deposits, undivided. 

MIDDLE CRETACEOUS  
Aplite – Fine-grained, very light colored aplitic granite with conspicuous blue-black 

tourmaline.
Granodiorite of Castle Creek – Medium-grained hornblende-biotite granodiorite 

with prominent grains of hornblende and titanite. U/Pb ages 98+2 Ma(a), 97.8±0.7 Ma(b), 
98.4±1.3 Ma(c)

Injection zone along margin of granodiorite of Castle Creek – Steeply 
dipping sheets of fine-grained granodiorite, 1 – 3 m thick, closely interleaved with 
metamorphic rocks along eastern contact with granodiorite of Castle Creek (Kcc).

Diorite associated with granite of Coyote Pass – Fine- and medium-grained 
hornblende diorite and quartz diorite intrusive into granite of Coyote Pass (Kcp), 
commonly includes angular granite blocks. 

Equigranular facies of the granite of Coyote Pass – Light colored, medium- to 
coarse-grained biotite-hornblende granite. U/Pb ages 97±2 Ma(a), 98.9±1.2 Ma(b)

Felsite – fine-grained, very light colored granite; exposed at outlet of lower Franklin 
Lake.

Felsic metavolcanic rocks – Metarhyolite tuff, fine- to medium-grained volcano-
genic sandstone and mixed metadacite tuffs and flows, E side Miners Ridge. U/Pb age 
100 Ma(d)

Meta-andesite – Metamorphosed andesitic lava flows, breccias and interleaved 
felsic metavolcanic rocks west of Timber Gap. U/Pb ages 111±2 Ma(a), 105±2 Ma(d), 101-96 Ma(d)  

Granodiorite of Spring Lake – Medium to fine-grained granodiorite with sparse 
mafic dikes; possibly lighter colored facies of quartz diorite of Empire Mountain. 
U/Pb age 104.2 Ma(d) 

Quartz diorite of Empire Mountain – Medium-grained quartz diorite cut by 
sparse mafic dikes; U/Pb ages 107±1 Ma(a), 106.2±1.1 Ma(b), 108.5±1 Ma (D’errico et al., 2012).

Metarhyolite tuffs and sandstone – variably reworked felsic volcanic tuffs, 
breccias and quartzofeldspathic sandstone, Cliff Creek area. U/Pb dz age ≤117 Ma (d)

EARLY CRETACEOUS  
Metarhyolite and metadacite breccia – Lenses and beds of felsic volcanic breccia 

with relict angular clasts, Vandever Mountain.
Metarhyolite Tuff – Massive metarhyolite with relic pyroclastic texture; includes 

some interstratified quartzofelspathic sandstone and volcanic breccia; Vandever 
Mtn. U/Pb ages 135±4 Ma(a), 134±1 Ma(c)

Calc-silicate conglomerate – Dark weathering, well-bedded calc-silicate conglom-
erate and pebbly sandstone with white felsite clasts. Underlies Kmrt3 in synclinori-
um on north ridge of Vandever Mtn.

Granodiorite of White Chief Mine – Sheared, medium-grained hornblende-bio-
tite granodiorite with well-developed foliation, sheared and offset mafic and aplitic 
dikes. U/Pb age 135±1 Ma(b)

Felsic volcanic and volcaniclastic sedimentary rocks – Rhyolite and dacite 
tuffs, some with pyroclastic texture; variably reworked to biotite quartzofeldspathic 
sandstone and interlayered with calc-silicate hornfels and volcanic breccia. U/Pb ages 
of 136±1 Ma(d) from east side of Empire Mountain, 135 Ma(e) from south side of Mineral Peak, 135 Ma(e) from west side of 
Vandever Mountain. Interpreted correlative units at Bullion Flat, and north of Cold Springs.

Metarhyolite tuff – Massive metarhyolite with relic pyroclastic texture; includes 
some interstratified quartzofelspathic sandstone and volcanic breccia; east of 
Timber Gap. U/Pb ages 140+5 Ma(a), 138+4(a), 136+1 Ma(c) 

Metarhyolite Tuff – Massive metarhyolite with relic pyroclastic texture; includes 
some interstratified quartzofelspathic sandstone and volcanic breccia; north of 
Cold Spring. U/Pb ages 131±4 Ma(a), 137±3 Ma(c) 

EARLY JURASSIC  
Hornblende gabbro – Medium- to coarse-grained hornblende gabbro, intrusive sill 

on east side of Mineral King valley. U/Pb age 162 Ma(e). Interpreted correlative unit on 
southwest side of Empire Mountain. 

Calcsilicate and felsic volcanic rocks – Thinly bedded calcareous quartzite 
interlayered with quartzofeldspathic sandstone, variably reworked felsic tuffs, and 
volcanic breccias; Eagle Lake area. U/Pb age 178±2 Ma(d) 

Hornblende gabbro – Medium- to coarse-grained hornblende gabbro and diorite; 
Black Rock Pass. U/Pb age 182 Ma(e) 

Metadacite tuff and tuff breccia – Interlayered biotite-plagioclase dacite tuff and 
tuff breccia, some variably reworked to quartzofeldspathic sandstone. Cut by a 
distinctive series of white felsite dikes. Interpreted as a possible caldera fill 
sequence. Exposed west of Spring Lake. U/Pb ages 171±5 Ma(a), 184±4 Ma(d)

Felsic volcaniclastic sedimentary rocks – Biotite quartzofeldspathic sandstone 
and conglomerate with volcanic clasts, reworked felsic tuff, some calcsilicate 
hornfels and marble; Miners Ridge. U/Pb dz age ≤187 Ma(f )

Metadacite tuff – Massive metadacite tuff with relict pyroclastic texture. Distin-
guished from metarhyolite tuffs (Kmrt) by more abundant biotite and hornblende, 
and absence of relict quartz phenocrysts; west side of Empire Mountain. U/Pb ages 
189±5 Ma(a), 196±1 Ma(c), 187 Ma(d) 

Siliceous calc-hornfels – Primarily thin-bedded, calcareous and calcsilicate 
hornfels, with interlayered felsic volcanic rocks. Some prominent marble layers 
present locally, and calcareous skarn alteration prominent near contacts with 
quartz diorite of Empire Mountain. Distinguished from calcsiliceous hornfels 
(Jcsh) by preponderance of calcareous rocks including marble. 

Tactite – Dark brown, coarse-grained rocks consisting of calcic garnet, epidote, 
diopside, and idocrase developed along contacts between quartz diorite of Empire 
Mountain (Kem) and marble or calc-silicate rocks. 

Calc-siliceous hornfels – Orange weathering, thin-bedded, fine-grained, calc-sili-
cate hornfels derived from calcareous quartzofeldspathic siltstone and sandstone; 
interbedded with gray weathering, variably reworked, felsic tuffs and breccias. 
Distinguished from Jch by dominantly siliceous rocks and lack of prominent 
marble layers. U/Pb age 196 Ma(e)

MIDDLE TO LATE TRIASSIC 
Felsic volcanic rocks and calc-silicate hornfels – rhyolite tuffs and breccia 

interlayered with fine-grained, thin-bedded calcsilicate hornfels derived from 
calcareous quartzofeldspathic siltstone and sandstone. U/Pb ages 214±6 Ma(a), 214±4 Ma(d) 

Marble – Coarsely crystalline white to blue-grey marble, with thinly interbedded 
calc-silicate layers that locally constitute up to 50% of unit. Late Triassic fossil localities(a,b)

Siliceous and calc-silicate hornfels – Predominantly orange-weathering, 
thin-bedded, fine-grained siliceous and calc-silicate hornfels derived from quartz-
ofeldspathic siltstone and sandstone. Subordinate interstratified meta-argillite and 
marble. Late Triassic fossil localities(b) 

Siliceous hornfels – Predominantly dark gray-weathering, thin-bedded, 
fine-grained siliceous hornfels with subordinate interstratified meta-argillite and 
marble. Late Triassic fossil localities(b)

Meta-andesite – Metamorphosed andesitic lava flows and breccias west of Mineral 
Peak. U/Pb ages  236±6 Ma(a), 248 Ma(e)

Metasandstone – Well bedded arkosic metasandstones, interpreted to be deposited 
by turbididity currents. Exposed primarily on Tulare Peak. U/Pb dz age ≤239 Ma(f)  

LATE PERMIAN   
Slate and phyllite – Predominantly dark gray-weathering, fissile slate, phyllite, and 

dark colored argillaceous hornfels derived from mudstone.
Volcanoclastic metasandstone – Medium- to thin-bedded, medium- to 

coarse-grained lithic metasandstone, rare interstratified lenses of volcaniclastic 
breccia. Contains relict detrital grains of felsite and phenocrysts. U/Pb dz age ≤269 Ma (e) 

Rhyolite tuff and siliceous hornfels – Well-bedded, fine-grained siliceous and 
calc-siliceous hornfels with interlayered rhyolite tuff; north of Cold Springs. U/Pb age 
276 Ma(e)

indicates ages derived from detrital zircons. Preferred age indicated in red. Details for each age determination are provided in 
Supplementary Materials. Locations of dated samples and preferred age are indicated on map. 
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illustrating the numerous stratigraphic and/or structural
discontinuities between units

Top of Permian section - thrust imbrication with overlying Late Triassic rocks(?) 

Base of 135 Ma felsic volcanic rocks - folded angular unconformity(?)

Boundaries of ~105 Ma felsic volcanic rocks - fault imbrication during vertical extension(?)


