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HE ENVIDRONI.1ENT OF R.l~GIONAL SHEAR OR Cor,:PRESSIONAL ~ TTERNS. 

Certain districts show, or appear to show, definite shear or compres! 
sion fracture patterns; others do not. It is ~ertinient to analyse the des­
criptions available of these t10 types of reeions, in order to find out, 
if possible, the underlying camses for the resence of such fracture patterns 
'he problem may be simplified as follows. 

l'he underlying cause for a dilStrict shear or compression pattern is 
mbviously reeional shearing or compressional stress. Possible modifying 
factors, tha t may modify or v"holly prevent such patterns , are, non-homo­
seneous walls rocks and preeYisting, unfavorably oriented fracturing. Hence 
complete analysis calls for an explanation of the regtonal stress in a d~s­
trict, bpgether with a description of the country rocks, and an explanatlon 
of how the ro& and the rreexisting fracture pattern have modified the ' 
~~ theoretical shear or compression pattern. The simplest case ~ould 
be completely homoreneous rock and uni-stage compression. An effort will be 
made to describe first wbat appear to be thet simplest cases, leading from 
them to more co~plicated examples. 

1. Grass Valley. The Sierra Nevada region in general appears to be a compli­
cated one, but the Grass Valley district in itself seems relatively simple. 
The following notes are :9..~sed on "Structural History of the Fracture Sys­
tems at Grass Valley, l~'Vada~by' 1.~D. Johnston and Ernst Cloos, Ec.Geol., 
Vol.XXIX,No.l,Jan.-Feb.,1904. B 7-cT'I 

A body of granodiorite , 5 miles froln north to south and 0.5 to 2 miles 
vlia.de , invades a cor.lplex of secimentary, metamorphic and igneous rocks. The 
p~nodiorite is homo~eneous,and siMilar to the very large mass at Nevada 
City. The walls flare outward with depth,and the contacts are very sharp. 
Flow structure is nearly lacking; a few faint platy elements arallel the 
intrusive contact in the Empire mine. The granodiorite as ex~osed at Grass 
Valley is the top part of a large intrusive, as indicated by roof pendants 
expos?d in und?rground ::rorkings; by the ::apid downward widening , and by the 
relatlve scarclty of prlmary platy or Ilnear flow structure. The sharp char­
acter of the contact and the absence of abundant xenoliths near the cont·act 
sUG~ests that the intrusion grew by the slow pushing apart of the wall rocks. 
This Grass Valley cupola is thour,ht to have passed from a state of viscosity 
to one of rigidity without great internal differential movement. 

and section 
he plan/show/i the frl::C ture system. The crossing;, striking NE,are 

nearly vertical, commonly without quartz fillingo but often filled with pre­
quartz basi c dikes. The veins dip from 10 to 70 , averaGing 350 • 'Ehei r conju­
gate habit is well shown on the section. 

Johnson and Cloos call the vein fractures ~arginal thrusts, and stress 
the parallelism with the north-south axis of the granodiorite. The section . 
sUEmests strongly that these fractures are rather "Streckflaechen". (Balk, 
structure Elements of Domes,Bull. Am.Ass.Petrol. Geol.,Vol.20,No.l,Jan., 
1936. P.59,also Figs. 7 and 11) .JIltIlSlIJ-'1-- C"l"$.. -r call the NE crossings part 
of a regional joint system, and henc 0 having nothine; to do with the Grass 
Valley massive. !ll';'ie may be 801 but the :m§::P shows Lhem 11:JiLed Lo the vi-
~i LJ of the intru8ive, 8:1"l:d. i3fiey f'i L ill (,ell "itl?: the ~elIeil1e adviIlIced b"e-
],.QJ'T,basea on tho stlPposiLioll hhaL the vein fl'acbal'es al'e 3LxeckflB:eeh8tl nn.d 
:tJ;JQ spossin.C::E! Oot OM! jointt;.. 

e Balk (op.cit.) says · t~Streckflaechen are oriented more or less aii 
random. The Grass Valley m in fractures shoVT a decided irregularity of ori­
entation, s a glance at tJ.!e ·map shows. Nom;n;j;;b.oloss, it zooks f~Qe}'l". Bl'!.l':' s 
Rj r,.2 that 8 l.orGiSB:l O! -:i eli Labio!1 of the 0 h! eekflae<!'hen would be '\"ith at"":'l~ 
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It is true that if the cross::'n"'s are cross-joints of the Grass V'3.lley intru­
sive , then they are not oritented correctly with respect to the s~p~osed 
streclrflaechen,sinye the latter, ot -f' r fr,)n1 normal in strike to the strilce 
of the crossings, ~lSt have been originally tension faults , and the direction 
of compression, "'ere t e crossings cross~ oints, nrust have been ~arallel to 
the latter. But the crossi~es are apparently regional in nature, hence they 
are probably not cross~ oints of the Grass Valley massi¥e . Since the measured 
displacements on the vein fractures are reverse in sense, i.e. the fractures 
are thrusts , it fol10\"s that ~ f 'ehe se fractures were orip:inally Str eckflae­
chen, they suffered~revers «~ ·movement through compressio which must have 
acted in a rou~hly horiwntal direction, KiXN HXXX~ xXRx~R M~ ith 
moderate cover over the massive, a horizontal conpressive stress would turn 
the vein fractures into reverse faults ; the planes were there ready,offering 
lines of least resistance . 

Consideration of the mineralization confirms this notion . For such ext~ 
elJ1ely flat veins, 8. p01:1erful component of stress actinl}; to produce nearly 
vertical tension seems absolutely necessary . Horizontal compressive stress 
Vii th easiest relief up "Tards vlOuld supply this . Note from the diagran that in 
t'le case supposed, the flatter the veins, the rTeater the tenaency for them 
to be pulled open. . 

The geologic history as "orked out by Johnson and Cloos will nov! be 
revieved,to see whether any ~~N2~ d ta confirminrr the notion outlined bove 
can be found . 

Geologic History. 

1. Formation of the vein fractures. Note that II.Cloos and alk say that 
the cross~ oints are the earliest to form; the crossi~~s,later than the vein­
fractures, are t1'ler ~'"c~ };eJ~0-R~b~;r. .l1-q~ ... ~~o.¥ .. ~ oints, .aei ICe the vein fractures 
Bay be ::>treckflaechen ," ~hese veln fracture ~;localized as they appear' to be 
more by the position of the top of the massive than bW the sides of the mas­
si ve, are as sumed by the writer to be S tra.ckflaechen . If so, they Ylere at first 
normal faults . . . m'nyj .. , 'Cc",.,~" ~y b" sir likes . 

2 . Formation of the crossings~,,1,Ihile regional in nature, they are pra b ­
ably related to the Si erra Nevada complex batholith as a ·whole . Their a tti­
tude suggest s regional compres sion, NE-S r, and the complementary aplite wd 
basic dikes along them · suggest a late phase of r:1a["Y1atic differentiation, 
not necessarily, however, connected \'lith tho Grass Valley intrusive itself . 
If HE compression did acconpany the formation of these crossings, their 
verf ical dips sho'! that the stress was horizontal; and \"!hile the easiest 
relief in general VIas NW- SE , for the country as a ·phole,nevertheless, with 
a system of nreexlsting Streckflaechen,the tendency ~NX N~XxRN±axxxtxH 
woul e for the horizontal conpression to shove up the hangingvlalls of the 
Strec flaechen,~ivinr a direction of e r nration locally vertical, an~ 
pulling dpen these flat fractures . ~ 

3. Prior to the mineraliza tion, the basic dikes of the crossinr;s were 
offset along the vein fractures,in the reverse sense,maximum 20 '. Since there 
were no markers in the £ranodiorite prior to the inj ction of the dikes,any 
orieinal normal movement on the vein fractures \'loul ever be seen . 

4 . lntrusion of the aplite dilces along the crossings . 

5 . Aplites reverse faulted along vein.fractures,and offset along some 
of the crossings . 

6 . Vein fractures , and a few of the crossings , filled with quartz . 

7 . Intermineral th~lst movements along the vein fractures . 
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8. Rene 'led formation of crossin which offset the veinS. 

The las t tvlO stages go far to confirl';l the ideas set forth above, that 
is, they show thrustine€n the vein fractures in close connection vlith 
, hatever stress produced the crossins,si~e that stress operated before and 
after the th~ustmng. Incidentally, the paper mentions the fact that the 
vein fractures and the crossings are mutually intersecting fracture sets. 

Summary- :mether the vein fractures were Streckflaechen or marginal 
thrusts is not of fundamental inportance. The c)j.ief points brought out in 
the study are these: 

1. The regional fracture pattern has two components: the crossings,XxxX 
regional on a gre~ scale,but probably connected with the intrusion of the 
Sierra Nevada batholith, and the vein fractures, rerional n a smaller scale, 
and w~ se envirnnment an~eason for existence was furnishe y the Grass Valley 
granodiDDite. Hence both types of resional fractures are probably connected 
with large scale intrusion; the vein fractures are certainly primary intru­
sion fractures, whatever their origin in detail. 

2. The ability of important goldveins to form along ~xtremely flat 
faults while thrusting was actually gOd:Ngma: ~akine place along these planes • 
.wlongation upward is almost the only conveivable mechanism for thiS. 

3. Change in the direction of e~f.ation due to preexisting flat faults . 
The direction l1Ust have been m1-SE to permit the crossings to form,for these 
appear to be tension joints;and yet it L~lst have been nearly vertical to 
permit the veins to form along the flat faults . The fact that no dikes,ap­
pa-1.ently , are found along the vein fractures,although reverse movement on 
these fractures took place between the intrusion of the ba$~c and that of 
the aplite dikes ,an£l after ..:that' 'of ~the' aplite dikes; Llay of~ o..oursenmean that 
some outside factor changed th0 direction of elongation at about the time 
of the mineralization. This looks doubtful, because fuf the reverse movement 
on the vein fractures vas straight up the dip, then the directioni of elonga­
tion, for a conjugate set of reverse faults, must have been about vertical. 
The explanation probably lies in the fact that for such a solid thing as a 
dike , an actual opening¢ was necessary,while with quartz and SUlphides, a 
mere potential openin'g would suffice . 

Note: In conne ction 'l:'i th the above co nelusions, the descriptions of the 
veins fractures and crossines are of interest: 

Veins:Not simple veins,but fracture zones of variable width and uegree 
of shattering,within 'Thich the -quartz veins are confined. Nearly flat FNI and 
FIN fea ther joints,connected with the': reverse movement.Often,where very abun­
dan t, the se are ladder links to' a parallel quartz vein wi thin the same vein zon 

Crossings: Verjical jointa,in places simple, in places sheeted zones.Same 
t:tC;ht,others vr ter cpurses;some have gouge . l,lany: individual crossings are 
short, but locally some form relatively persistent zones.There is little dis­
placement alone either veins or cros inD's i1here they intersect, but offsets of 
both kinds do occur . 
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Note. 

In connection with the pos~ibility that the GrasE Valley ve; frac 
tures were origip 11y flat-lying normal ·faults or Streckflaechen,it is of 
interest to note that Balk, in "Structure Elements of Domes",says that at 
least a part of t e Cobalt silver ores OCClr along flat-l ing normal faults, 
near the 10 'ler contact of a diabase sill. The fissures are planes of expan­
sion such as have been noted else"lhere near contact zones of diabases. 
balk says also that in the Yankee Fork District, Idaho, tVIO sets of fissure 
appear over an arch of volcanics 5 miles wide, underlain b:r a central vol­
canic mass. One set Etrikes NE,the other at right angles to it. Check this 
from original paper, in "Ore Deposits of the ~vestern States",C.P .Ross: Ore 
Deposits of Idaho in Relation tp ~tructural and Historical Geology, p.270. 
Check also the possibility for synthetic and anithetic faults ovor intru­
sive centers, suggested by Ba~ for Bonanza,Colorado (USGS PP 169) and Parr 
ral (S~hmitt,AIME Tech.Pub.304,1930) • 

Further accessible references for study:Der Sierra-Navada-Pluton in 
Californien (1935) by E. Cloos. l~ther Lode and Sierra Nevada batholith, 
E.Cloos,1935. Gold uartz Veinsof the Alleghany District,by Ferguson.USGS 
PP 172,1932 . 




