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ABSTRACT 

Geochronology of Major Thrusts, 

Southern Great Basin/ California 

by 

John F. Sutter 

Potassium-argon ages of 37 samples were determined in 

this study. The purpose of the study was to determine 

apparent age brackets for the major orogenic pulses in 

the southern Great Basin, California. 

Mineral ages from the Hunter Mountain piutonic complex 

indicate that it was emplaced 160~165my ago. Because the 

piutonic complex intrudes both plates of three major thrust 

faults, (the Last Chance Thrust, the Racetrack Thrust, and t 

Lemoine Thrust), the faults must have been emplaced previous 

to this. One hundred fifty miles to the southeast at Clark 

Mountain several samples •which exhibited cross-cutting 

relationships with thrust faults were collected and analyzed 

The Data suggest that the thrusts were emplaced in the 

younger portion of a bracket of 85-135my ago. The Riggs 

Thrust in the Silurian Hills also offered possibilities 

for bracketing its emplacement. Data from the samples 

collected suggest that the Riggs Thrust was emplaced 85-95ray 

ago, and it was probably contemporaneous v/iLh the thrusting 

at Clark Mountain. 



In addition to the sampling of rooks showing cross¬ 

cutting relationships with thrust•faults, ' "blastomyIonites" 

formed along the fault planes were also sampled!. and 

analyzed. In the two cases where the myIonites show 

complete neomineralization, the whole rock ages determined 

fell within the limits of the bracket established by the 

cross-cutting samples. 

Thrusting in the Hunter Mountain area and the Clark 

Mountain area was not contemporaneous, and even more 

important neither fits into a classical orogenic episode. 

Hunter Mountain thrusting is at least 25my older than 

classical Laramide and fits better into the Sevier Orogeny 

described by Armstrong (1963) . This, along with other- 

data presented in the text, leads the author to conclude 

that orogenic activity has more or less continuous in 

the southern Great Basin in the bracket 185~75my ago. 
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I. INTRODUCTION 

A. The Problem 

For many years, structural geologists have proposed 

several mechanisms for mountain building. Any mechanism 

proposed must deal with the problem of time sequence of 

events during orogeny. The better one can reconstruct 

the sequence of structural events in time, the better 

he is prepared to discuss detailed mechanisms for mountain 

building. 

Many orogenic areas lend themselves to the detailed 

study of stratigraphy and paleontology and thus time 

sequences may be determined by involvement of strata of a 

particular age in structural or orogenic events. In some 

orogenic areas however, the stratigraphy is very complicated 

or is not 'known in detail. Almost all orogenic 'areas are 

pierced by intrusive rocks or covered by volcanic rocks 

which can be dated by isotopic techniques. Detailed mapping 

in many areas demonstrates that some of these igneous rocks 

are emplaced before deformation whereas others are emplaced 

after deformation. By careful sampling and isotopic dating 

of these igneous rocks, one can expect to show the relative 

if not the absolute age of the structures involved. 

Detailed mapping by Burchfiel and Davis (in press) over 

the ’past nine years in the southern Great Basin area has 

established many cross-cutting relationships of structure 

and igneous or volcanic rocks that would lend themselves 

very well to isotopic geochronology. Initial samples were 

collected during the mapping project by Burchfiel and Davis 

but additional samples for this study were collected in 

April, May, and June of 1966. 
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B. Sampling and Sample Preparation 

Four types of rocks, all related to structure, were 

collected: plutonic rocks which either cut or were cut 

by structure, volcanic rocks cut by structure, blasto- 

mylonites formed along thrust planes, and metamorphic 

rocks which were thought to be associated to structure. 

Four main areas were sampled in the southern Great Basin 

with some miscellaneous samples also being collected. 

The field samples collected were careful3.y selected 

to obtain the freshest samples possible. Freshness was 

determined in the field by looking for iron oxide stainings 

around biotite and hornblende with a hand lense. Approx:i.mate3.y 

10-20 pounds of each sample were collected from most of the 

igneous and metamorphic rocks. Less sample was obtainable 

in the case of the mylonitic samples. A small, hand-size 

portion of each rock sample was reserved for thin section 

preparation. About five pounds of each rock sample was 

then stripped of obviously weathered material, and the 

remainder of the rock sample broken into 2-3 inch pieces. 

The rock samples were further broken down by means of a 

3 1/4 by 4 1/2 inch Denver Jaw Crusher. These small pieces 

were then powdered with Studevant crushing rolls. The 

powdered rock samples were sieved and all grains between 

48 and 74 mesh were reserved. The highly magnetic grains 

were removed from this size fraction and a 10-20 gram 

portion was washed thoroughly with acetone and dried at room 

temperature and stored in a c3.ean, appropriately-labeled 

2 ounch bottle. Such samples are designated as "whole rock" 

samples„ 
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The remainder of the 48-74 size fraction was washed with 

acetone and reserved for mineral separation. Separations 

of biotite and hornblende from feldspar and quartz were 

made by means of a Franz Isodynamic magnetic separator. 

Mineral separates in most cases were only 60-70% pure. 

The coarseness of the grains used resulted in many composite 

grains (grains which contain more than one mineral). The 

only criterion used to either accept or reject a mineral 

separate of biotite or hornblende was the amount of feld¬ 

spar present in the separated portion. Each sample was 

examined under a binocular microscope and if the separate 

contained less than 5-10% feldspar, it was accepted. The 

other major diluent, quartz, was assumed to contain no 

appreciable amount of Ar40*, which for the age and type of 

rocks encountered in this study is considered to be a safe 

assumption. Also where both biotite and hornblende were pre¬ 

sent in the rock, they were not separated but treated together 

as one separate. The separated portions were then washed 

thoroughly with acetone and stored in clean, appropriately- 

labeled 2 ounce glass bottles. 

C. Analytical Methods 

The Ar40* was determined with a metal mass spectro¬ 

meter of the general Nier type. An Ar38 spike was added to each 

sample by means of pipetting from a reservoir.. All samples 

(with a few exceptions) were run in duplicate with an over¬ 

all precision of argon analyses, including whole rock samples, 

of some 2.2%. 
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Potassium was determined in each sample by two in¬ 

dependent methods. First it was determined gravimetrically 

by the Tetraphenyl Boron method and then by the Flame 

Atomic Absorption method. The two procedures and comparison 

of results will be discussed in Appendix 1. 

Age calculations were made on an Olivetti-Underwood 

"Programma 101" desk computer (Hartung 1968). Pertinent 

constants used were: 

„ _ -10 -1 
^ = 4./2 x 10 yr 

X = 0.585 x 10 ^ yr ^ 
K 

(Aldrich and 

Wetherill, 1958) 

Atoms of K 
Atoms of K 

0.000119 (Nier, 1950) 

. 36. 38 _ Ar /Ar = 5.35 

Ar36/Ar4° = 0.00338 

Ar38/Ar4° = 0.00064 

Atmospheric Argon 

Ratios from (Nier, 1950) 

D. Standards 

Three K-Ar standards were used in this study as a. 

check on the. analytical procedure. Two inter laboratory stand¬ 

ards were, used, one being P-J-207 which is described by 

Lanphere and Dalrymple (1965) and (1967) and the other 

being the Bern 4-M which is described by Jager et. al., (1963). 

P-207 is muscovite sample which has an accepted age of 81 

million years. Bern 4-M is also muscovite sample but with an 

accepted age of 19 million years. The other standard used was 

an intradepartmental standard, Rice MM-10, which is a biotite 

with an average age of 1.01 billion years. The standards 
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were run at various times throughout the study as procedural 

checks, and also to establish the relative precision of the 

instrument. Results of measurements on standards are shown 

in Table 1. 
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TABLE 1 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

SHS-MM10 (biotite) 384 97 .7.80 997.7 

il II 385 99 II 990.1 

11 11 386 96 II 993.0 

II II 388 52 II 1001.6 

11 11 426 94 II 1014.1 

11 
11 

427 91 II 1018.8 

BERN-4M (muscovite) 332 59 8.57. 19.8 

11 11 382 51 11 20.1 

II 11 438 ■ 41 II 19.8 

11 11 434 45 11 17.8 

If If 497 55 II 17.8 

P-207 (muscovite) 459 85 8.‘54 79.5 

II 11 460 81 11 80.2 

11 . 11 496 81 11 79.6 

11 If 569 64 11 81.4 

11 11 584 82 II 78.6 

11 11 586 81 11 80.8 

II •II 624 77 11 84.2 

11 11 646 85 11 77.8 

II II 649 82 II 80.8 
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II. GEOLOGIC EVIDENCE 

The southern Great Basin area lends itself very well 

to the geochronology of orogenic events by the K-Ar method. 

Plutons are numerous in the area but not to the extent that 

they mask the structure. Plate I is a geologic map of the 

area of study. It was taken from the various sheets of the 

state geologic map of California. General sample locations 

are shown on this map and precise locations are given in 

Appendix 2. 

Four major areas; the Hunter Mountain area, the Clark 

Mountain area, the Silurian Hills area, and the Virgin Spring 

area, were sampled as well as a series of outlying areas. 

Each area will be discussed in regard to the structural 

relation of each sample selected and the interpretation of 

the data obtained from these samples. Sketch maps and dia¬ 

grammatic cross-sections are included to make relationships 

clear. 

THE HUNTER MOUNTAIN AREA 

The Hunter Mountain plutonic complex is a large granitic 

body consisting of several different rock types. This large 

complex cuts structures that are certainly Permian and possibly 

as young as Triassic. Specifically, the complex intrudes both 

plates of the Last Chance Thrust (Burehfiel, in press) and two 

related thrusts, the Racetrack Thrust (McAllister, 1956) and 

Lemo.ine Thrust (Hall and Stephens, 1962). In an attempt to 

place a minimum age on these thrusts, five samples were collected 
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from the pultonic complex; Palm Springs (PS), Racetrack 

Valley (RV), Ubehebe Mine (UM-4), Grapevine Canyon (GC), 

and Panamint Butte (PB)0 The locations of the samples are shown 

on Plate I, and precise locations -are listed in Appendix 2. 

Whole rock analyses were made on these samples to get a general 

picture and to show that the various rock types of the Hunter 

Mountain pluton are indeed of the same relative age. Two 

of the samples, GC and PB, were selected for mineral separa¬ 

tion in order to obtain a more accurate age for the complex. 

Sample GC was taken from the central part of the complex 

whereas sample PB was taken from the extreme eastern edge. 

The ages obtained from these separates agree quite favorably 

with ages on a biotite from Paiute Monument (Kistler et al, 

1965) which is at the northern end of the plutonic complex. 

Table 2 is a list of data obtained from the samples pre¬ 

viously mentioned. Figure 1 is a map view of the plutonic 

complex showing its relation to the thrust faults. Figure 

2 is a diagrammatic cross-section of these relationships. 

The age of 159my obtained from the biotite + hornblende 

separate of Panamint Butte gives a minimum age for the 

emplacement of the pluton and thus a minimum age for the 

last movements on the Last Chance, Racetrack, and Lemoine 

thrusts. Ages reported by McKee and Nash (1967) on plutons of 

the Inyo Mountains, which cut structures that are probably 

in the Last Chance thrust plate, are as old as 184 my and 

possibly as old as 213my which suggests that the thrusting 

may even be older than these ages. Mapping done by Merriam 

(1963) indicates that beds as young as Middle Triassic may be 
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involved in the thrusting, so a bracket of Middle Triassic 

to Lower Jurassic can be assigned to the thrusting in 

the Hunter Mountain area. 

Ages on some intrusive rocks‘from the north end of 

the Argus Range (Plate I) reported by Hall and MacKevett 

(1962) yield K-Ar ages of about 180my. These plutonic 

rocks also cut large folds and faults indicating that the 

deformation and perhaps thrusting in this area could also 

be as old as Upper Triassic. 



Fip;t X, Generalized geologic map of the Hunter Mountain area 
showing sample locations} L.C.T*(Last Chance Thrust), 
R.T.(Racetrack Thrust), L.T.(Leraoine Thrust) 

xxx plutonic. rocks 
AAA PIiocene basal t 
//// Paleozoic sediraents 



% 
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TABLE 2. 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

PS (v/hole rock) 405 87 3.91 129.4 

II II 408 81 1! 125.3 

RV (whole rock) 416 70 1.96 131.7 

TM-4 (whole rock) 323 63 3.80 138.0 

II II 325 93 II 139.9 

GC (v/hole rock) 395 96 A.21 135.4 

II II 396 96 It 133.5 

GC (hornblende) 419 79 0.79 167.0 

II II 485 84 II 163.3 

PB (whole rock) 417 85 4.41 151.2 

PB (biotite and 
hornblende) 

423 84 3.31 151.3 

II II 477 86 II 159.8 

II It 579 78 II 159.1 

II II 585 76 II 165.9 



11. 

THE CLARK MOUNTAIN AREA 

The structures in the C3.ark Mountain area of 

southeastern California are very complicated. Several 

thrust plates have been mapped by Burchfiel and Davis (1966). 

The structural relationships of thrust plates and igneous 

rocks offer many opportunities for bracketing the age of the 

emplacement of the thrusts. Figure 3 is a generalized map 

view of the area and shows general sample locations. 

Several samples were collected and radiometrically 

dated from this area. A rhyolitic tuff from the Delfonte 

Formation (DV) is thrust and overridden by the lowest (i„e. 

easternmost) thrust plate in the area. A whole rock age of 

88my was obtained from the sample and indicates a relative 

maximum age for the emplacement of the thrust plate. Another 

sample, a granite from just west of Copper World Mine (WGW), 

was collected because field evidence indicated that the 

pluton intrudes structures related to the thrusting of the 

second thrust." Both whole rock an mineral separate ages group 

at 85-87my and thus a minimum age for thrusting is indicated. 

A grariodiorite pluton near Patchalka Springs (PS-1), , 

which is just north of Clark Mountain, was also collected. 

This pluton is cut by one of the thrusts and thus would 

establish a maximum age for the thrusting. A whole rock age 

of 2C0my was obtained, which is too old to give a narrow 

bracketing for the age of the thrusting, but it may say some¬ 

thing about how far the thrust plate traveled before its 

emplacement in its present position. 
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Various identifiable formations are present in plates 

of the thrusts studied. Some show low grade metamorphism 

which is thought by Burchfiel and Davis (personal comm.) 

to be associated with the thrusting. The Johnnie Formation 

of Precambrian age has been metamorphosed to a phillite just 

north of the Patchaika Springs area. A whole rock age of 

90my was determined for this phillite (Pc-j). If the philli- 

zation is indeed associated with the thrusting, the obvious 

conclusion is that this age of the phillite represents the 

age of the thrust emplacement and that the plutonic activity 

and volcanic extrusion were also closely associated with the 

thrusting in both time and space. 

One of the thrust contacts is well-exposed near Patchalk 

Springs. A blastomylonite (PSM) is present at the contact. 

In this section, the blastomylonite aj^pears to be nearly 100% 

recrystallized with 80-85% of the sample consisting of a 

fine-grained mica. A whole rock age of 78my was determined an 

it is thought that this may very well be the age of the 

last movement along the thrust surface. Immediately above 

the blastomylonite is a predominantly feldsr^ar gneiss which is 

a portion of the Precambrian basement. Thin section analysis 

indicated that the gneiss has been shattered and to a minor 

extent recrystallized. A whole rock determination on this 

sample (PS~Gn) gave an age of 75my which seems to indicate 

that not only has basement rock been involved in' the thrust¬ 

ing but has also been sheared, shattered, and thermally meta- 

moarphosed to such an extent that the Ar40* accumulated before 

the time of thrusting has been quantitatively lost. 
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Another sample was collected from the Breccia Pluton in 

the Clark Mountain area. A hornblende separate from this 

sample (BP) yielded an age of 200my. Again the age is too old 

to help in establishing a maximum age for the thrusts, but 

as with sample PS-1 it suggests that some of the plates may 

have been thrusted considerable distances. 

Detailed mapping by Burchfiel and Davis has shown that 

Clark Mountain structures continue south into the Striped 

Hills'and Teutonia Peak area. Cross-cutting relationships 

in the area are such that the age-bracketing of structures 

is possible here also. A pluton in the Ivanpah Mountains 

near Oro Wash has been cut at the base by a thru sr. A 

biotite from this granite (IP), collected approximately 100 

feet above the thrust contact, yields an age of 138my estab¬ 

lishing a maximum age for the structure. A blastomylonite (OPv.0) 

is formed at the thrust contact and gave a whole rock age of 

87my which seems to agree quite well with ages of structures 

in the Clark Mountain area to the Worth. 

The Teutonia Peak granite is a complex plutonic body. 

The details of how many phases are present and their age 

relationships have not been completed at this point, but 

field work is in progress on this problem. The main portion 

of the Teutonia complex definitely intrudes all thrust plates 

in the area. A hornblende age from the central part of the 

pluton(TP) of'92my was obtained and establishes a minimum age 

for the emplacement of the thrusts. Other plutonic rocks of 

the complex (SH-1, SH-2, and SB-3) yield ages of 90~170my and 
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the relationship of these ages to the emplacement of the 

thrusts is still in question. 

A biotite gneiss from the Shadow Valley area was 

also sampled. It is felt that this gneiss, which was 

originally part of the Precambrian basement, might have 

been effected by the thrusting and- by the emplacement of the 

Teutonia pluton. The biotite from this sample (SV~1) yielded 

an apparent age of 86my and thus strengthens the argument that the 

structures in the area are indeed 85-95my in age. 

Figure 4 is a diagrammatic cross-section through the 

Clark Mountain area (including Striped Hills and Teutonia 

Peak) showing the general structural relationships of some 

of the more meaningful samples. Table 3 is a list of the data 

obtained from all the samples in the area. 



Fig. 5. Generalized geologic map of the Clark Mountain area 
shoeing sample locations 

x x K plutonic rocks 
A A A. volcanic, rocks 
///// Pre cambrian 
\\\\\ Paleozoic 
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TABLE 3. 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

WCW (whole rock) 320 72 3.89 85.7 

11 11 399 89 11 84.0 

WCW (biotite and 428 76 4.19 85.4 
hornblende) 

11 11 431 79 11 90.6 

DV (whole rock) 397 80 3.78 87.2 

If If 400 81 11 85.2 

PS-1 (whole rock) 390 94 3.01 195.0 

11 11 418 90 11 200.3 

Po- j (whole rock) 461 • 79 , 5.33 89.9 

If 11 478 88 11 91.5 

PSM (whole rock) 398 86 6.90 77.6 

11 11 401 93 11 77.5 

PS-Gn (whole rock) 407 80 4.06 75.6 

BP (hornblende) 648 80 0.91 190.7 
11 

11 658 71 If 199.8 

SH-1 (whole rock) 409 83 3.10 123.7 

11 11 411 87 1! 107.9 

SH-1 (biotite and 437 73 2.74 109.2 
hornblende) 

SII-2 (hornblende). 659 62 0.73 166.7 

ft 11 677 68 11 161.7 

SH-3 (biotite) 668 84 5.20 90.5 

' TP (whole rock) 402 86 4.58 94.2 

TP 11 415 78 11 91.6 



(Table 3, con't) 16. 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

TP (hornblende) 421 75 1.40 91.5 

It II 474 73 II 92.6 

IP (biotite) 476 90 6.39 138.1 

II II 495 80 II 135.6 

0R0 (whole rock) 470 83 5.19 86.7 

II 11 494 82 It 86.4 

SV-1 (biotite) 468 86 6.75 84.8 

11 11 471 80 It 88.5 
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THE SILURIAN HILLS AREA 

The Silurian Hills area has been mapped in detail by 

Kupfer (1960). The Riggs Thrust passes through this area 

and is exposed in several localities near the Meeker Fault 

Zone. In addition to being well-exposed, the thrust is 

cross-cut by one pluton and cuts across numerous others 

offering the possibility for dating the emplacement of the 

Riggs Thrust. Three of these plutons plus a sample of a 

biotite-rich raetamorphic rock from the lower plate of the 

thrust were sampled. The structural relationships of the 

samples collected are shown in Figure 5. 

The Silurian Hills area was selected to ascertain if 

the faulting in this area might possibly be intermediate in 

age between that, in the Hunter Mountain area and that in the 

Clark Mountain area. Data for all samples (SiH-Ml, SiH-M.2, 

SiH-M3, and SiH-M4) are given in Table 4. SiH-Ml and SiH-M3 

are samples from plutons which are cut by the Riggs Thrust. 

Ages on these two samples range from 90~95my and suggest 

that the Riggs Thrust is no older than this. SiH-M2 is a 

sample from a pluton vdiich intrudes both plates of the 

thrust. An age of 85my was obtained from it and establishes 

a minimum age for the emplacement of the Riggs Thrust. Thus 

a bracket of 85~95my is assigned to -the last movement and 

emplacement of the Riggs. SiII~M4 is a sample from the 

biotite-rich raetamorphic rock in the lower plate of the 

thrust. The general conclusion is that the thrusting in 

the Silurian Hills is contemporaneous with that in the 

Clark Mountain area. 



Fig. of. Generalized geologic map of the Higgs Thrust area in 
the Silurian Hills showing sample locations 

xxn Plutonic rocks 
/// Riggs Formation, Paleozoic 

Pahrurap Group, Preoambrian 
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Sample No. Mineral Spike No, %Ar40* %K Age in tny 

SiH-Ml (biot & hrnblnd)587 72 2.82 92.1 

II II 588 72 II 90.1 

SiH~M2 (biotite) 457 75 6.00 84.4 

II II 509 85 II 85.5 

SiH-M3 (biotite) 443 86 5.60 94.8 

II II 511 86 II 93.1 

SiH-M4 (biotite) 463 89 7.27 85.5 

II II 510 87 II 85.5 
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VIRGIN SPRING AREA OF THE AMARGOSA CHAOS 

Noble (1941) described the structural features of the 

Virgin Spring area in an important paper on the geology of 

southern Death Valley. The area is intermediate, geographi¬ 

cally, between Clark Mountain and Hunter Mountain and seemed 

to offer an opportunity to determine whether or not the 

structures in the Virgin Spring were intermediate in age 

also. 

Three samples were analyzed. The.ir positions relative 

to one of the thrusts (Arnargosa Thrust) were: a schist 

(VS-1) at the base of the upper plate, a loosely cemeted fault 

gouge (VS-4) that showed very little recrystallization in thin 

- section, at the fault contact, and a biotite gneiss (VS-Gn) 

immediately under the thrust contact at the top of the lower 

plate. The data from these three samples are given in Table 

5. The general sample locations can be seen on Plate I and 

the exact locations are given i.n Appendix 2. 

The ages of the strata on either side of the fault are 

thought to be Middle Cambrian or older. The 400my age from 

the schist at the base of the upper plate could represent 

the time of metamorphism of the strata to a schist but it 

more likely represents an intermediate age due to the loss 

of Ar40* during movement along the thrust surface. However, 

the thrust was probably of such a shallow origin that very 

little new mineralization took; place in the schist and thus 

no quantitative loss of Ar40*. This hypothesis is supported 

by the fact that a loosely cemented gouge of relict crystals 



is present at the thrust contact instead of a rnylonite. 

This suggests that there was only limited overburden above 

the.fault during movement. The 425my age obtained from a 

whole rock analysis of the fault gouge is consistent with 

the hypothesis that the thrust had a shallow origin. The 

gouge contains almost no recrystallized grains and thus 

the age is interpreted as intermediate between actual age 

of its source material and the age of thrusting. An 

apparent age of 78my was determined on a biotite separate 

from the biotite gneiss at the top of the lower plate. 

Stratigraphically this sample is in a Cambrian or lower 

position. The age obtained suggests that the biotite in 

this rock was formed some 78my ago or at least that it 

passed through a critical isotherm in the Earth’s crust 

for the retention of Ar40* at this time. It just may be 

that the sample represents a portion of the basement that 

was uplifted 78my ago. Whether it represents the age of 

the emplacement of the thrust is a question that cannot be 

answered with the data at hand. The author hypothesizes 

that the thrust is at least this old. 
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TABLE 5 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

VS-1 (whole rock) 503 98 4.92 399.1 

VS-4 (whole rock) 445 95 5.31 425.4 

VS-Gn (biotite) 456 74 6.20 77.8 



OUTLYING AREAS 

Two samples of metamorphic rocks from the central 

Funeral Mountain area were analyzed. Their general loca¬ 

tion is given on Plate I. One sample, an amphibolite, 

comes from the Chloride Cliff area (CC-1) and the other 

sample, a staurolite schist, was collected near the Keane 

Wonder Mine (KW-1). These samples were collected with the 

thought in mind that this area may represent a metamorphic 

core which continues southward into the central part of 

the Panamint Range. Ages from the hornblende in the 

amphibolite and from the chlorite in the schist group near 

140my which agrees quite well with data from the World 

Beater complex in the Panamint Range obtained by other 

workers (Lanphare, et al.f 1963). Their data indicate that 

a homogenization of strontium and rubidium isotopes occurred 

100~150my ago. Because some of these metamorphic rocks in 

the Funeral Mountains are thought to be formed from geo- 

synclinal sediments, a major metamorphic event occurring 

140my ago is indicated. Thus, this area represents a zone 

of thermal activity during this time, but its relationship 

to the major structures both east and west of it are not 

well known at this time. Data from these two samples are 

included in Table 6. 

The Kingston Peak granite pluton is located about 25 

miles northwest of the Clark Mountain area. A sample was 

collected from this £>luton(KP) because it intrudes structure 

which are thought to be contemporaneous with those at Clark 

Mountain. From the data in Table 6, it can be seen that the 

pluton was emplaced 18-19my ago. This tells us very little 
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about the age of the structures that it intrudes, but it is 

interesting that this pluton is the only one sampled that 

was Tertiary in age. This suggests that there was relatively 

little plutonism in Tertiary times and thus the ages of other 

samples most likely are free of "heating effects" sometimes 

caused by later plutonism. 

Another thrust is exposed at the War Eagle Mine in the 

Tecopah area. A myIonite(T-3) is developed at the fault sur¬ 

face and was collected. The apparent age of the myIonite is 

160my, but due to lack of control it is hard to interpret 

whether or not this could be a time shortly after the end 

of major thrusting. There is some evidence that structures 

as old as this do exist in the general area but it is the 

opinion of the author that this age represents an interme¬ 

diate age between the parent rocks and the age of the 

emplacement of the thrust. This interpretation is made for 

two main reasons. First, the myIonite is not a true 

"blastomylonite", that is to say it does not show complete 

recrystallization or neomineralization. Relict grains are 

present and in this case, many of them are feldspar and it 

is felt that they were probably not completely degassed of 

their previously accumulated Ar40* If this is the case, the 

apparent age is probably older than the thrusting. The 

second reason is that structures in the Silurian Hills and 

those in the Striped Hills and Clark Mountain areas have 

been shown to be much younger than the apparent age deter¬ 

mined for the myIonite(T-3). In all probability, the 

thrusting in all of the above mentioned areas is contempor¬ 

aneous and thus it is difficult for the writer to interpret 

this age as a true age of the thrust. 
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A pluton located in the Garfield area about 75 miles 

northwest of Saline Valley was also sampled(Gar 2). This 

sample was not collected because of its relation to structure 

but because of its possible relation to plutons in the Sierra 

Mountains to the west. Many plutons have been dated by the 

K-Ar method in the Sierras and a significant number group at 

85-95my. The 96my age determined on the biotite from Gar-2 

indicates that typical "Sierra age" plutons have been emplaced 

this far east which was not evident before. 
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TABLE 6 

Sample No. Mineral Spike No. %Ar40* %K Age in my 

KP (whole rock) 412 28 3.78 18.6 

KP (biotite) 420 32 4.14 18.2 

CC-1 (hornblende) 444 65 0.535 139.8 

CC-1 (hornblende) 472 63 0.535 142.7 

KW-1 (chlorite) 452 72 3.08 138.3 

KW-1 (chlorite) 512 81 3.08 141.6 

T-3 (whole rock) 451 90 4.58 160.7 

Gar-2 (biotite) 498 83 ' 4.98 96.3 
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III. CONCLUSIONS 

The data gathered in this study not only have impli¬ 

cations to local structures in the southern Great Basin, 

but also to the timing of orogenic events on a world wide 

basis. Several.conclusions can be made regarding ages of 

some structures in southeastern California. First of all, 

it can be said that the thrusting in the Hunter Mountain 

area is not of classical Nevadan age but older. It can 

definitely be said that the Last Chance, Racetrack, and 

Lemione Thrusts were inactive some 155 million years ago, 

and maybe as early as 225my ago. This bracket of 155-225my 

is set since beds that may be as old as Middle Triassic are 

involved in the thrusting in the area. 

The following are conclusions about the Clark Mountain 

structures. Prior to this study, most structure in this area 

was assigned to the Laramide Orogeny w’hic.h is thought of as 

starting in the latest Upper Cretaceous (65-70my) and con¬ 

tinuing into the Tertiary and ending in the Eocene or 

slightly younger. It can now be shown that the thrusting 

in the Clark Mountain area is not Laramide in age but may 

be better assigned to the Sevier Orogeny proposed by 

Armstrong (1963).• Cross-cutting relationships of two granite 

plutons give us a bracket of 85-137 my for the thrusts but 

the whole rock age on the rhyolitic tuff(DV) strongly sug¬ 

gests that the thrusting took place in the 85-95my range. 

Ages of metamorphic rocks associated with the thrusting 

and two blastomyIonites formed along thrust planes also 

lend support to the hypothesis that the thrusts in the 

Clark Mountain area were emplaced at the younger end of 
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the 85-137my bracket established. 

Efforts to establish whether or not structures between 

Clark Mountain and Hunter Mountain are intermediate in age 

were not completely successful. This was partially due to a 

lack of suitable cross-cutting relationships and partially 

due to less detailed mapping in some of the areas. However, 

it can be said with little doubt that the emplacement of the 

Riggs Thrust in the Silurian Hills area was contemporaneous 

with the emplacement of the thrusts in the Clark Mountain 

area. The evidence is quite strong that the thrusting took 

place 85-95my ago. 

Efforts in the Virgin Spring area of the Amargosa 

Chaos were not so successful. The relatively high age 

obtained from the fault gouge(VS-4) was not surprising 

since the sample showed very little neomineralization. 

What exactly the ages determined on samples from this area 

mean is not certain, but it is felt that the Amargosa 

Thrust must be older than the 80my age obtained from a 

biotite in the gneiss(VS-Gn) located at the top of the 

lower plate of the thrust. 

Data from the Funeral Mountains area, correlated with 

that from the Panamint Range, suggests that there may have 

been a major metamorphic event in the area 140my ago. To 

date, there is no real evidence as to its relationship to 

adjacent structures. 

The roost obvious regional implication of the data 

presented in this study is summarized in Figure 6.. This 

shows the distribution in time of the. deformational pulses 

(orogenic events) known at the present time in the Great 

Basin area. It is obvious that the pulses are not sharp, 
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widely-spaced events and that they are not confined to the 

boundaries of epochs. On the contrary, the data suggests 

that in this particular area deformational pulses were more 

or less continuous from the Middle or Upper Triassic until 

mid-Tertiary times. Also, structures which were once 

termed "Laramide" or "Nevadan" do not belong to these 

deformatic-nal episodes in the calssical sense. Thus one 

is almost forced to accept continual orogenic activity over 

a period of 180my in this area. As more data are gathered, 

these "pulses" may be somewhat refined but it is also 

possible that further data will show that some sort of 

orogenic activity was indeed continuous over this long 

period of time. 

A significant result of this study is the encouraging 

results on the use of "blastomyIonites" as an age-dating 

tool. Two cases (0R0 and PSM), although somewhat question¬ 

able, indicate that if myIonites formed along thrust planes 

are completely recrystallized, they may have quantitatively 

lost all of their previously accumulated Ar40* and since 

the last movement: of the thrust, they have acted as a 

closed system to any Ar4C* produced from the decay of K40. 

This has important implications to the dating of structures 

in regions where cross-cutting relationships of plutonic 

and volcanic rocks are not abundant. Studies to determine 

criteria for selecting mylonitic samples which may give 

reliable ages for thrust emplacement are being continued 

at this time. 
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Appendix 1. 

POTASSIUM ANALYSES 

A. Sample Opening Procedure 

1. Approximately 0.5 grams of the sample (-48, +74 

mesh; void of magnetite; and acetone washed) is pre¬ 

cisely weighed (nearest tenth of a milligram) into a 

clean, 100ml teflon beaker which has been properly 

labeled. 

2. Add 20ml of concentrated HNO^ and 15ml of concen¬ 

trated HF to the beaker. Cover the beaker with a 

teflon watch glass and place under heat lamps for 8- 

10 hours. 

3. Remove the watchglass and evaporate the solution 

to dryness being careful not to burn the residue. 

4. Add 5ml of concentrated HNO^ to the beaker and 

eva£>orate to dryness again. 

5. Add 75ml of doubly distilled H^O and 2-3ml of 

concentrated HNO^, cover the beaker, and leave it under 

the heat lamp4s for 6-8 hours (until complete solution 

is achieved). 

6. Allow the beaker to cool to room temperature. 

7. Pour the contents of the beaker quantitatively into 

a clean, calibrated 100ml volumetric flask and bring to 

volume with doubly distilled H^O).. 

8. Transfer the solution to a clean, 120ml polyethylene 

bottle which has been labeled as to; sample designation 

and dilution factor. 
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^., , . „ , Solution Volume m ml 
Dilution Factor = — : —~:—; :  

Sample Weight m grams 

This is termed the "stock" solution for the sample. 

B. Gravimetric Determination of K by the K(C„H_).B Method    1  6 5 4     

1. Pipet a 25ml aliquot of the "stock" solution into 

a 100ml teflon beaker. 

2. Adjust the pH to 1-2 with doubly distilled K^O. 

3. Add 20ml of a 6% (by weight) reagent solution of 

clear Na(C^H_) .B slowly to the beaker while stirring 
6 5 4 

vigorously. 

4. Allow the solution to stand 10-15 minutes and then 

filter it through a constant weight, 35ml, fine poro¬ 

sity filter crucible by use of a suction filter flask. 

5. Check the filtrate for incomplete potassium pre¬ 

cipitation by adding a few ml of reagent solution to it. 

6. Wash the precipitate 3 times with a K(C4I,_) B wash 
6 5 4 

solution and then 3 times with doubly distilled H^O. 

7. Dry the filter crucible + precipitate at 105°C for 

30-45 minutes, cool in a dessicator, and weigh. 

8. Calculate the %K; - 

(Sample Soln Vol) ( Atomic Wt. of K ) (Precipitate Wt.) 
( Aliquot Vol ) (Mol. Wt. of K(C H ) B) ( Sample Wt. ) 

o 5 4 

• (100) = %K 



9. Preparation of Solutions: 

a. Reaqent Solution - 6% Na(C,H„).B 
6 5 4 

Dissolve 1.5 grams of reagent grade Na(C^H^)^B 

in 250ml of doubly distilled H^O. If the solu¬ 

tion is cloudy, filter it until it is clear. 

NOTE: This solution should be made up fresh 

every 2-3 days. 

b. K(C^H^)^B Wash Solution 

K(CgH|_)^B from a slightly acidic 

solution of KNO^ with a few ml of reagent solu¬ 

tion. Filter the precipitate and dry it in an 

oven for 30 minutes at 105°C. Transfer the pre¬ 

cipitate to a glass vile. Shake 30 milligrams of 

the precipitate with 250ml of doubly distilled HO 

for 30 minutes. Filter and store the solution in 

a clean wash bottle. 

10. Additional References 

Geilmann, W. and Bebauhr, W. (3.953), "Precipita¬ 

tion of the Alkali Metals as Tetrapnenyl- 

boron Compounds", Z. Anal. Chero. v. 139, 

pp. 161-181. 

Perry, D. (1962), "Potassium-Aegon Dating-I. 

Determination of Potassium in Minerals", 

Humble Oil and Refining Co., Geochemical 

Research Report Gr 62-2 . 

Riidorff, W. and Zannier, H. (1952), "A Vo3.umetric 

Method for the Determination of Potassium by 

Means of Potassium Tetraphenyl-boron", Z. 

Anal. Chem. v 137, pp. 1-5. 



IV . 

Wittig, G., Keicher, G., Ruckert, A. and Raff, P. 

(1949), "Boron-Alkali Metallo-organic Complex 

Compounds. I. Preparation and Properties", 

Ann., v. 563, pp. 110-126. 

C. Determination of K by Atomic'Absorption Flame Photometry 

1. Dilute the "stock" solution with doubly distilled 

H^O until the solution contains 1-3 y/ml K. y/ml is 

approximately equal to ppm for dilute H^O solutions. 

2. A portion of the diluted solution should be stored 

in a clean, polyethylene bottle which is labled with 

both the sample designation and the "dilution factor". 

Dilution Factor ■ Solution Volume in ml 
Sample Wt. in grams 

3, Prepare both "rock standard" solutions and "salt 

standard" solutions in the 0.5-5.0 y/ml region. These 

are used to obtain the "standard" or reference curve. 

NOTE: When possible, "rock standard" solutions should 

correspond with respect to gross cation content 

to the sample solution. For example, when basic 

rocks are being analysed for K, basic "rock 

standard" solutions should be used. 

4. Place the Vapor-Discharge source lamp for K into 

the lamp holder on the Model 314 Perkin-Elmer flame 

photometer. Lamp settings are: 

High voltage - 700V 

Current - 0.65 Amps 



5. The 7665A K line is used. This corresponds to a 

drum setting of 2,282.8. A common slit width is 500. 

6. An oxidizing flame of an acetylene-air mixture is 

used. Convenient settings are: 

2 
Pressure Flow Rate x 10 

Acetylene 10 psi 27 cc/min 

Air 22 psi 67 cc/min 

7. The aspirator should have a constant flow rate 

of about 4-6 ml/min. 

8. Sample solutions and standard solutions are run 

alternately. 

9. A curve of peak, height vs y/ml is prepared from 

the standard solutions. The sample solution peak 

heights are then fitted to this curve and the corres¬ 

ponding y/ml values recorded. 

10. Calculation of %K 

(Dilution Factor) (y/,1) (10 = %K 

11. Additional References 

Angino, Ernest E. and Billings, Gale K., (1967), 

A»tomic Absorption Spectrometry in Geology, 

Elsevier. 

Perkin-Elmer, Newsletter series. 



D. Comparison of the Two Methods 

Each sample reported has been analyzed for K by both 

methods described on the preceding pages. Table 1 

shows the data obtained by each method and also the 

% difference in the two values relative to the atomic 

absorption value. Figure 1 is a frequency plot of 

these data. It is significant that the data show a 

nearly "normal" distribution. 85% of the gravimetric 

values are within 3% of the corresponding atomic 

absorption values. 



Vll. 

TABLE 1 

SAMPLE 
ATOMIC 

ABSORPTION K(C6H5>4B 
% DIFFERENCE 
RELATIVE TO THE AA 

VALUE 

PS - (whole rock) 3.91 3.91 0 

RV - (whole rock) 1.99 1.93 
V 

-3.0 

UM-4 - (whole rock) 3.81 3.79 -0.5 

GC (whole rock) 4.35 4.19 -3.7 

GC (hornblende) 0.78 0.80 +2.6 

PB (whole rock) 4.39 4.44 +1.1 

PB (biot hrnblnd) 3.29 3.34 +1.5 

WCW (whole rock) 3.92 3.86 -1.5 

WCW (biot hrnblnd) 4.17 4.21 +1.. 0 

DV (whole rock) 3.73 3.83 +2.7 

PS-1 (whole rock) 3.00 3.03 +1. 0 

Pc-j (whole rock)‘ 5.34 5.32 -0.4 

PSM (whole rock) 6.95 6.85 -1.4 

PS-Gn (whole rock) 4.58 4.46 -2.6 

BP (hornblende) 0.90 0.92 +2.2 

SH-1 (whole rock) 3.29 3.36 +2.1 

SH-1 (biot hrnblnd) 2.68 2.80 +4.5 

SH-2 ( hrnblnd) 0.73 0.73 0 

SH-3 (bictite) 5.20 5.20 o 
TP (whole rock) 4.56 4.61 +1.1 

TP (hrnblnd) 1.40 1.40 0 

IP (biotite) 6.47 6.31 -2.5 

0R0 (whole rock) 5.19 5.19 0 



(Tabl e 1, con.' t.) vxx 

% Diff. relative 

Sample AA KTPB • to AA value 

SV-l (biotite) 6.78 6.72 -0.9 

SiH-Ml (biot hrnblnd) 2.80 2.84 +1.4 

SiH-M2 (biotite) 5.96 6.04 +1.3 

SiH-M3 (biotite) 5.59 5.61 +0.4 

SiH-M4 (biotite) 7.21 7.33 +1.7 

VS-1 (whole rock) 5.00 4.85 -3.0 

Vs-4 (whole rock) 5.27 5.36 +1.7 

VS-Gn (biotite) 6.23 6.17 -1.0 

KP (whole rock) 3.80 3.76 -1.1 

KP (biotite) 4.07 4.26 +4.7 

CC-1 (hornblende) 0.547 0.523 -4.4 

‘KW-1 (chlorite) 3.02 3.14 +4.0 

T-3 (whole rock) 4.58 4.58 0 

Gar-2 (biotite) 5.02 4.94 -1.6 

OD (whole rock) 4.98 4.98 0 

R-2* (whole rock) 0.474 
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Appendix 2. 

PRECISE SAMPLE LOCALITIES 

PS (Palm Springs) Waucoba Wash Quadrangle, Cal, T. 13 S., 

R. 39 E.; mile east of Palm Springs and 100 feet 

above the fault contact. 

RV (Racetrack Valley) Ubehebe Peak Quadrangle, Cal.., 

T. 14 S., R. 41 E.; Edge of large pluton. 1 mile 

northeast of the Racetrack playa. 

UM-4 (Ubehebe Mine-4) Dry Mountain Quadrangel, Cal., 

T. 14 S., R. 40 E.; mile north of Ubehebe Mine. 

GC (Grapevine Canyon) Ubehebe Peak Quadrangle, Cal., 

T. 16 S., R. 40 E.; Canyon wall next to road at 

southern entrance to Saline Valley. 

PB (Panamint Butte) Panamint Butte Quadrangle, Cal., 

T. 17 S., R. 42 E.; 1§ miles northwest of Panamint 

Butte and 2CO feet from granite-Pakosoic contact. 

WCW (West of Copper World) Clark Mountain Quadrangle, Cal 

T. 16 N. , R. 12-| E.; South side of mine road in 

Section 1. 

DV- (Delfonte Volcanics) Mescal.Range Quadrangle, Cal., 

T. 15-| N., R. 14 E.; East-facing slope of ridge in 

Section 30, 3rd member of Delfonte formation. 

PS-1 (Patchalka Sprinqs-1) Clark Mountain Quadrangle, Cal 

T. 17 N., R. 13 E.; 100 yds up-valley from the 

tunnel in Section 30. 

Pc-j (Precambrian-Johnnie) Clark Mountain Quadrangle, Cal 

T. 17 N., R. 12 E; Section 14. 



X. 

PSM (Patchalka Springs Mylonite) Clark Mountain Quadrangle, 

Cal., T. 17 N. , R. 12 E.; Roadcut in central portion 

of Section 36. 

PS-Gn (Patchalka Springs Gneiss) Clark Mountain Quadrangle, 

Cal., T. 17 N., R. 12 E.; 1/4 mile west along road 

from PSM. 

BP (Breccia Pluton) Mescal Range Quadrangle, Cal., T. 16 N. , 

R. 13 E.; Section 26. 

SH-1 (Striped Hills-1) Mescal Range Quadrangle, Cal., 

T. 15 N. , R. 14 E.; Southeast portion of Section 18. 

SH-2 (Striped Hills-2) Mescal Range Quadrangle, Cal., 

T. 15 N., R. 14 E.; Northwest corner of Section 17. 

SH-3 (Striped Iiills-3) Mescal Range Quadrangle, Cal., 

T. 15 N., R. 14 E.; Central portion of Section 30. 

TP (Teutonia Peak) Mescal Range Quadrangle, Cal'., T. 14 N. , 

R. 13 E.; 800 yards southwest of the ranch in Section 10. 

IP (Ivanpah Pluton) Ivanpah Quadrangle, Cal., T. 15 N., 

R. 14 E.; Northeast portion of Section 16. 

PRO (Pro Wash Mylonite) Ivanpah Quadrangle, Cal., T. 15 N., 

R. 14 E.; 100 feet below IP. 

SV-1 (Shadow Valley-1.) Mescal Range Quadrangle, Cal., 

T. 15 N., R. 12 E.; Southwest corner of Section 36. 

SiH-Ml(Silurian Hills-Meeker 1) Silurian Hills Quadrangle, 

Cal., T. 16 N., R. 8 E.; 500 yards northwest of Riggs 

Spring in Section 1. 

SiH~M2 (Silurian Hills-Meeker--2) Silurian Hills Quadrangle, 

Cal., T. .16 N. , R. 8 E.; 1000 yards north of Riggs 

Spring along Riggs Thrust contact. 



SiH-M3 (Silurian Hills-Meeker 3) Silurian Hills Quadrangle 

Cal., T. 16 N., R. 8 E.; 400 yards north of Riggs 

Spring. 

SiH-M4 (Silurian Hills-Meeker-4) Silurian Hills Quadrangle 

Cal., T. 16 N., R. 8 E.; 500 feet west of SiH-Ml. 

VS-1 (Virgin Spr.ina-1) Confidence Hills Quadrangle, Cal., 

T. 22 N., R. 4 E.; About 3 miles north of BM 1255 

which is just west of Jubilee Pass. 

VS--4 (Virgin Spring-4) Confidnece Hills Quadrangle, Cal., 

T. 22 N., R. 4 E.; 1/4 mi le south of :.VS-1. 

VS-Gn (Virgin Spring-Gneiss) Confidnece Hills Quadrangle, 

Cal., T. 22 N., R. 4 E.; 200 feet south of VS-4. 

KP (Kingston Peak) Horse Theif Springs Quadrangle, Cal., 

T. 19 N., R. 10 E., Section 3; 400 yards south of 

Horse Thief Springs. 

CC-1 (Chloride Cliff-1) Chloride Cliff Quadrangle, Cal., 

T. 30 N. , R. 1 E., Section 29; 200‘ feet southwest of 

Chloride City. 

KW-1 (Keane Wonder-1) Chloride Cliff Quadrangle, Cal., 

T. 29 N. , R.* 1 E. , Section 6; 500 feet up-canyon 

from the Keane Wonder Mill. 

T-3 (Tecopah-3) Tecopah Quadrangle, Cal., T. 20 N. , 

R. 8 E., Section 23; 500 feet southeast of War 

Eagle Mine. 

Gar-2 (Garfield-2) Geologic Map of Mineral County, Nevada, 

T. 7 N., R. 34 E., Section 33. 
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Abstract 

ABSOLUTE DATING OF MOUNTAIN BUILDING EVENTS. In the past year over fifty absolute 40K/40Ar 
whole-rock and mineral age determinations have been made in the authors' laboratory to elucidate some 
of the time relationships of the orogenic or mountain building movements in southern Nevada and southeastern 
California in the United States of America. Detailed field mapping revealed a number of igneous rocks 
crosscut by thrust faults or crosscutting thrust faults. The absolute ages demonstrate unambiguously that 
faulting in the Clark Mountains and the Hunter Mountains (150 miles apart) was separated in time by at 
least fifty million years. It is noteworthy that the Clark Mountain orogenic event falls in geologic time 
almost exactly mid-way between the classical Nevadan (conventionally 135 m.y.) and classical Laramide 
(conventionally 63 m.y.) orogenies. 

In several cases it was also possible to collect blastomylonite - material right at the fault plane that 
had been crushed, metasomatized, and recrystallized. Carefully selected mylonites, containing quartz with 
no evidence of straining, yielded ages within the bracket provided by the minimum and maximum ages from 
crosscutting relationships. The40Ar determinations were made by isotope dilution with a conventional mass 
spectrometer. The potassium was determined gravimetrically as well as by flame atomic absorption. 

By extending such techniques to orogenic belts in other parts of the world, it’now appears possible to 
determine whether mountain building occurs as a more or less continuous process in geologic time, or 
whether it is confined to rather short periods in geologic time corresponding to the great mountain building 
revolutions postulated in classical geology. 

Introduction 

As a first approximation the average rate of mountain 
building or elevation of the land above sea level must have 
been approximately equal to the average rate of erosion 
throughout geologic time. If the rate of erosion were to 
exceed greatly the rate of mountain building or uplift, then 
the land areas would be eroded down to a nearly flat equi¬ 
librium surface or peneplain. The geologic record indicates 
that this has happened regionally. If the rate of mountain 
building were to exceed greatly the average rate of erosion, 
the geologic record would exhibit few signs of peneplains and 
most sediments would have the poor sorting and other character¬ 
istics of short distances of transport down steep slopes. A 
fundamental hypothesis of classical geology was that the rate 
of mountain building increased greatly during short intervals 
or revolutions that occurred at the end of each geologic 
period. Every angular unconformity at a geologic period 
boundary supports this hypothesis, but its global extrapola¬ 
tion from small areas, e.g. Wales and southeastern England, is 
not undisputed. The present work is directed toward applying 
the techniques of absolute geochronology to the elucidation 
of the time relationships in mountain building events [l]. 
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Such relationships are essential to any hypothesis about the 
causes and mechanisms of mountain building. 

Collection of Samples 

The collection of samples was made within the context 
of an active and detailed field mapping program that has been 
in progress over the past 9 years in southeastern California, 

U.S.A. [2][3][4][5][6][Figure l][Figure 2], The structural 
relationships mapped in the field provided a number of 
opportunities to collect samples that might yield a minimum 
or maximum absolute age for movement along thrust planes. 
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Thus, a granitic intrusion with baked contacts in the lower 
plate that is truncated or crosscut by the upper plate, 
provides a maximum absolute age for the thrusting on the 
assumption that the intrusion and solidification of the gran¬ 
ite preceded the thrusting in time. At the other limit, an 
intrusion that crosscuts the lower plate, the fault, and 
the upper plate, with baked contacts and chilled margins at 
the contacts with both plates, provides a minimum absolute 
age for the thrusting on the assumption that the intrusion 

took place after thrusting ceased. Every known structurally 
unambiguous situation of the two types just described was 
sampled to obtain the freshest possible material for absolute 

geochronology. The best and most numerous known possibilities 
for such sampling were found in the Clark Mountains and in 
the Hunter Mountain Complex. The exact sample localities 
will be given elsewhere [7]. 

Early in the sampling program it was decided to collect 
blastomylonites that occurred right in the thrust fault 
planes. These myIonites represented material that had been 
crushed during faulting and perhaps metasomatized and re¬ 
crystallized during and after the faulting. Preliminary 
40Ar/40K ages indicated that some of the blastomylonites 
yielded absolute ages that were within the maximum and 
minimum ages provided by crosscutting and crosscut intru¬ 
sions. These mylonites were characterized by quartz and 
feldspar that showed no indication of being strained when 
examined under the petrographic microscope; these mylonites 

also had higher potassium contents than the rocks in the 
plates immediately above and below them. 

Potassium Determination 

Potassium analyses were done in three ways: 1) by flame 
atomic absorption after the sample had been brought into 
solution; the flame atomic absorption was done by both the 
dilution and spiking techniques; 2) gravimetrically using 

tetra-phenyl-boron; 3) flame atomic absorption on the solu¬ 
tion obtained after redissolving the tetra-phenyl-boron 
precipitate; at the same time rubidium was also determined. 
These methods yielded consistent results on the rock 
standards G-l and W-l and on the mica standards P-207 and 
Bern 4M. The overall precision and accuracy of the potas¬ 
sium determination is ±1% of the amount present. Analyses 
were first performed on whole rocks in order to determine 
the intrusions that yielded the narrowest range between 
minimum and maximum ages for the thrusting. 

4^Argon Determination 

The 4^Ar was determined with a metal mass spectrometer 
of the general Nier type. An ^®Ar spike was added to each 
sample by means of pipetting from a reservoir. All samples 
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discussed here were run in duplicate with an overall pre¬ 
cision, including whole rock analyses, of 2.2%. Determina¬ 
tions on the mica standards P-207 [8] and Bern 4M [9] 
yielded ages within about one million years of the accepted 
ages [Table i]. 

TABLE I ^K/^Ar Age Determinations on Standard Minerals 

Sample Mineral % K 

Spike 
Ho. 

% Rad. 
4°*r 

Age in 
million 
years 

Average age 
in million 
years 

Recommended 
age in million 
years 

P-207 
[8] Mica 8.54 459 85.3 79.5 

8.54 460 81.4 80.2 79.7±0.5 ■ 81 . 

8.54 496 80.8 79.4 

lex'll 4M Mica 8.57 332 59.3 19.8 

[9] 8.57 382 51.3 20.1 
8.57 438 41.2 19.8 
8.57 434 44.9 17.8 19.1±1.3 19 

8.57 497 55.4 17.8 

^Ar/^K Age Calculations 

The absolute ^®Ar/^®K ages were calculated with an 
Olivetti-Underwood Programma 101 computer using the 
following constants: \e = 0.585 x 10“1° yr-1, \@ = 4.72 x 
10-10 yr-lf ^°K/K = 1.10 x 10-4 mole/mole. More detailed 

descriptions of the analytical methods will be published 
elsewhere [7]. 

Results 

Most of the absolute 40Ar/40K ages on whole rocks from 
the Hunter Mountain complex or pluton,[Figure 2][Table II], 
are not very diagnostic because all but one (Panamint Butte, 
spike nOi 417) is considerably lower than the ages obtained 
on mineral separates (Panamint Butte biotite, spike nos. 423 
and 477 and Grapevine Canyon hornblende, spike nos. 419 and 
485). The Grapevine Canyon sample is from near the center 
of the large pluton and the Panamint Butte sample is from 
near the eastern edge. The Hunter Mountain complex may 
consist of several intrusions, but the biotite and horn¬ 
blende ages are consistent with an independently determined 
age on a sample from the northern part of the pluton 

40 40 
(156=F4 M.Y. , K/ Ar age on biotite [10]) and lead to the 
conclusion that the pluton was emplaced and solidified 
between 155 and 165 million years ago. 

The Hunter Mountain complex crosscuts the Last Chance 
Thrust and two related thrusts. It is concluded that these 
thrusts ceased activity some 155 to 165 million years ago. 
The youngest rocks involved in the thrusting are probably 
Middle Triassic in age. 
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The Clark Mountains are 150 miles southeast of the 

Hunter Mountain Complex. In the Clark Mountains the 
structural relationships are complex, but provide many 
opportunities for absolute dating of crosscutting situa¬ 
tions and for absolute dating of blastomylonites [Table 

III]. A generalized cross section of the structural 
relationships in the Clark Mountains is given in Figure 3. 

Crystalline 

FIG. 3. Composite structural cross-section of Clark Mountain area 

Not all the thrusts are necessarily of the same age, but 
they fall within restricted time limits. Unfortunately 
attempts to separate potassium minerals from the Delfonte 
Volcanics failed and the whole rock ages (spike nos. 397 
and 400) indicate that the thrust cutting these volcanics 
may have been active as recently as 86 million years. On§ 
intrusion in the Ivanpah Mountains is crosscut by a thrust, 
which must have been active after the 137 million year 
biotite age (spike nos. 476 and 495). The whole rock age 

determination on the Oro Wash mylonite indicates that that 
thrust became inactive 87 million years ago (spike nos. 

470 and 494). The Oro Wash mylonite is formed by the 
grinding along the thrust plane of 137 million years old 
Ivanpah granite. The Patchalka Springs mylonite, which 
contains 80% fine grained, well cemented mica, yields a 
whole rock age of 78 million years, suggesting that this 
thrust was inactive by that time. A thrust fault cross¬ 
cut by the Teutonia granite and by the Copper World plution 
must have been inactive since the 92 million year hornblende 
age on the Teutonia (spike nos. 421 and 474) which is con¬ 
sistent with the whole rock age of 93 million years (spike 
nos. 402 and 415). A biotite age on the crosscutting 
Copper World plution yields 88 million years (spike nos. 
428 and 431), which is slightly older than the whole rock 
age of 84 million years (spike nos. 320 and 399). 

All of the above data are consistent with the activity 
on these various thrusts being confined to a period between 
about 80 and 140 million years ago. The two mylonites are 
both fine grained and firmly cemented. The mylonite ages, 
78 and 87 million years, and the Delfonte Volcanic age of 86 
million years suggest that thrusting took place at the 

younger end of the 80-137 million year range. 
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Discussion and Conclusions 

Figure 4 summarizes the absolute geochronological data 
in the Hunter Mountain and Clark Mountain areas. In these 
parts of the Western United States of America it has been 
customary to assign mountain building events to two short 
periods - the Nevadan orogeny or revolution near the Jurassic- 
Cretaceous boundary and the Laramide orogeny near the 
Cretaceous-Tertiary boundary. The evidence presented here 
[Table II], consisting of several absolute 40K/4°Ar ages on 
different mineral separates analyzed independently in two 
laboratories, indicates that the Hunter Mountain pluton was 
emplaced at least 155 million years ago and by that time 
movement on the Last Chance and related thrusts had ceased. 

Millions Of Yeors Before The Present 

0 20 40 60 80 100 120 MO 160 180 200 220 240 
t-—i 1 1 1 1 i i i i i i i i i i i i i I i I i i i 

| TERTIARY T~ CRETACEOUS | JURASSIC | TRIASSIC 

Classical 

Sevier Orogeny 
of Clark Mtns 

- -► 

Classical Last Chance Range 
Laramide 12 Samples Nevadan Thrusting 

27 Runs 

FIG.4. Summary of data 

5 Samples 

12 Runs 

Thus, this thrusting was Middle Jurassic or older and cannot 
be considered a part of the classical Nevadan orogeny. 

Formerly the Clark Mountain thrusting had been assigned 
to the Laramide orogeny. All of the absolute ^^K/^°Ar age 
data presented here [Table III]indicate that the Clark 
Mountain thrusting is older than Laramide times. The exact 
time of thrusting is not determined precisely within the 
interval of 80 and 140 million years. The maximum possible 
age of 140 million years would be classical Nevadan times; 
this interpretation would require thrusting immediately 
after the emplacement of the Ivanpah Mountain granite. The 
whole rock age determinations on the two blastomylonites and 
the Delfonte Volcanics suggest a younger time of thrusting 
near the middle of the Cretaceous, which might correspond to 
the Sevier or Mid-Mesozoic orogeny proposed by Armstrong 
[11] [12]. Additional data, e.g. an absolute age on a 
mineral separate from some crosscut igneous rock such as 
the Delfonte Volcanics, will be needed to narrow the time 
range assigned to the Clark Mountain thrusting. 

It is noteworthy that in the two areas investigated, 
the absolute geochronology indicates times of mountain 
building much older than previously thought. Furthermore, 
these two times of mountain building are more likely to be 
near the middles of geologic periods rather than at the ends. 
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TABLE II 40k/° Ar Age Determinations in the Hunter Mountain Complex 
(Last Chance Thrust) 

Sample Mineral % K 
Spike 
No. 

% Rad. 
40Ar 

Age in 
million 
years 

Average age 
in million 
years 

Panamint Butte Whole 
Rock 

4.41 417 84.8 151.2 151*5 

Panamint Butte Bio- 
tite 

3.31 
3.31 

423 
477 

83.9 
86.3 

151.3 
159.8 

156±4 

Grapevine Whole 4.27 395 96.3 135.4 
134±2 

Canyon Rock 4.27 396 95.5 133.5 

Grapevine Horn¬ 0.79 419 78.6 167.0 
165±3 

Canyon blende 0.79 485 84.2 163.3 

Palm Springs Whole 
Rock 

3.91 
3.91 

405 
408 

87.0 
80.6 

129.4 
125.3 

127±3 

Racetrack 
Valley 

Whole 
Rock 

1.96 416 69.7 131.7 132±4 

Ubehebe Mine Whole 3.80 323 63.1 138.0 139±2 
#4 Rock 3.80 325 93.4 139.9 

TABLE III 40K/40Ar Age Determinations in the Clark Mountain Area 

Age in Average age 

Spike ^ 6 Rad. million in million 

Sample Mineral % K No. 40Ar years years 

Delfonte Whole 3.78 397 80.1 87.2 86±2 
Volcanics Rock 3.78 400 81.2 85.2 

Ivanpah Bio- 6.39 476 90.1 138.1 
137±2 

Pluton tite 6.39 495 79.6 135.6 

Oro Wash Whole 5.19 470 82.8 86.7 

MyIonite Rock 5.19 494 82.2 86.4 8 7 ±2 

Patchalka Whole 6.90 398 86.5 77.6 
78±2 

Springs Rock 6.90 401 92.9 77.5 

MyIonite (80% Mica) 

Teutonia Horn¬ 1.40 421 74.5 91.5 
92±2 

Peak blende 1.40 474 72.9 92.6 

Teutonia Whole 4.58 402 85.6 94.2 
93±2 

Peak Rock 4.58 415 77.7 91.6 

West of Bio- 4.19 428 76.2 85.4 
88±3 

Copper World tite 4.19 431 79.3 90.6 

West of Whole 3.89 320 71.8 85.7 
84*2 

Copper World Rock 3.89 399 89.1 84.0 

The stratigraphic relative age evidence is not more defini¬ 
tive and is consistent with either the older interpretation 
or the conclusion presented here. In southeastern California 
at least,one may advance the alternative working hypothesis 
that thrusting was not confined to two intervals of some 10 
or 15 million years, but was spread out over a number of 

J 
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intervals. The number of intervals may prove to be so large 
that mountain building activity during any given 10 million 
years may be essentially equal to the activity in the preceding 
or subsequent 10 million years. Additional studies of the 
type described here, using an integrated program of detailed 
field mapping and absolute geochronology, will help to 
determine the distribution of mountain building events in 
geologic time. 
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DISCUSSION 

H. I. WENDT: You assign individual errors to your age measure¬ 
ments. These errors are from ± 2 m.y. to ± 5 m.y. for your sample, 
and ± 0.5 m.y. and ± 1.3 m.y. for the standards. How do you calculate 
these individual errors? A statistical treatment of all the duplicates of 
your samples yields an average standard deviation slightly lower than 
± 2 m. y. 

J. A. S. ADAMS: The plus value is the age calculated by taking the 
minimum experimental value for potassium-40 and the maximum experi¬ 
mental value for radiogenic argon-40. The minus value is the age 
calculated by the converse process. 

M.H. DODSON: The hypothesis that orogenies extend over long 
periods of time is in keeping with observations on the British Caledonides 
published from 1961 onwards. The problems of interpretation of K/Ar 
ages in relation to such extended orogenic activity are considerable, and 
I should like to suggest an ideal approach which, however, often may not 
be feasible for practical reasons. Analytical errors (estimated from 
replicate analyses) should be compared, by appropriate statistical methods, 
with the scatter among each group of observations obtained from samples, 
of varying origin or lithology, which might be expected to record one 
event. If the observed scatter can be largely or wholly explained by ana¬ 
lytical error, then a significant "numerical event" is defined. Identification 
of this with the appropriate tectonic event can then be attempted with more 
confidence, I believe, than if a less rigorous approach be made. I hope 
that Professor Adams and his co-workers will be able eventually to 
provide such a basis for their integration of age determinations with field 
mapping data. 

J. A. S. ADAMS: Everyone would like to have additional and more 
"rigorous" data. I can only say that these studies are continuing. 

P. E. DAMON: Your evidence from the Last Chance Thrust seems 
to be the least strong, the reason for this being that you relied on whole 
rock dates, using a hornblende and a biotite with very low K content. It 
appears that your results may suffer from an uncertain combination of 
argon loss and excess argon, which may account for the large spread. 
Would you care to comment on this point? 

J. A. S. ADAMS: Our conclusion does assume that argon losses 
exceed excess argon for the four K/Ar ages (151 to 165 m.y.). An isotopic 
Rb/Sr age for the Panamint Butte part of the Hunter Mountain pluton 
would greatly assist in solving the problems you mention; a Rb/Sr age 
would also contribute to an understanding of the tectonic events in this 
area. 

G. J. WASSERBURG: I think that the discussion on this paper calls 
in particular for two comments. 
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First, the analytical techniques which can be used at present allow, 
in most cases, the determination of daughter-parent ratios with great 
accuracy. Statistical analysis of the results provides a convenient basis 
for data presentation, but should not obscure the physical and geological 
problems at issue, or the necessity of doing carefully designed experi¬ 
ments. Most of the effects which are observed require a physical and 
not a statistical explanation. 

Secondly, with regard to the use of standard samples for checking the 
analytical results, this procedure is of course very convenient. However, 
for purposes of doing absolute calibrations, these secondary "standards” 

should not be allowed to replace the gravimetric and volumetric methods 
which depend only on atomic weight determinations and the gas laws. 
In almost all cases these calibrations can easily be performed accurately 
to within 0.5%. 
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