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THE ENVERONMENT OF REGIONAL SHEAR OR COMPRESSIONAL FRACTURE PATTERNS.

Certain districts show, or appear to show, definite shear or compres=
sion fracture patterns; others do not. It is pertinyent to analyse the des-
criptions avallable of these two typés of regions, in order to find out,

if possible, the underlylng calses for the presence of sud fracture patterns

The problem may be simplified as follows.

the underlying cause for a district shear or compression pattern is
‘@bviously regional shéaring or compressional stress. Possible modifying
factors, that may modify or wholly prevent sud patterns , are, non-homo-
geneous walls rocks and preexisting, unfavorably oriented fracturing. Hence
complete analysis calls for an explanation of the regional stress in a dis-
trict, bpgether with a description of the country rocks, and an explanation
of Wow the rod&k and the preexisting fracture pattern have modified the *
xrEarkmx theoretical shear or compression pattern. The simplest case would
be completely homogeneous rock and uni-stage compression, An effort will be
made to describe first what appear to be theg simplest cases, leading from

them to more complicated 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 motes are based on "Structural History of the Fracture Sys-
tems at Grass Valley, No¥eda"by W,D. Johnston and Ernst Cloos, Ec.Geols,
VOl.XXIX,No.1,Jan,~Feb.,1954, '3 I-J ¢ .

A body of granodiorite, 5 milés from north to south and O+5 to 2 miles
wide, invades a complex of sedimentary, metamorphiec and ignedus rocks., The
grnodiorite ‘1s homogeneous,and similar to the very large mass at Nevada
Cityes The walls flare outward with depth,and the contacts are very shaPp.
Flow structure is nearly lacking: a few faint platy elements parallel the
intrusive contact in the Empire mine., The Branodlorite as exposed at Grass
Valley is the top part of = large intrusive, as indicated by roof pendants
exposed in underground workings;by the rapid downward widenin s and by the
relative scarcity of primary platy or linear flow structure. %he sharp char=
acter of the contact and the absence of abundant xenoliths near the” contact

suggests that the intrusion grew by the slow pushing apart of the wall reciks, ¥

This Grass Valley cupola is thought to have passed from a state of viscosity
to one of rigidity without great 1internal differential movement,

: and section ; :

The plan/showg the fra ture system. ‘The crossing , striking NE,are
nearly vertical,commonly without gquartz filling,but often filled with pre-
quartz basic dikes. The veins dip from 10.to 70°,averaging 35°, Their conju-
gate habit is well shown on the section.

Johnson ‘and Cloos call the vein fractures marginal thrusts, and stress.

the parallelism with the north-south axis of the granodiorite, The section
suggests strongly that these fractures are rather "Streckflaecchen". (Balk,'’
Structure Elements of Domes,Bull. Am.Ass.Petrol, Geol.,Vol.ZO,No.l,Jan.,

. 1936, P.59,2l80 Figs, 7 and ll)dﬁwamﬁtlgéﬁﬂﬁey call the NE crossgings part

of a regional joint system, and hence having nothing to do with the Grass
Valley massive, . Tk T them Timited to—thevi=

3. Py 4.1 o B} 3 S CARHL) i3 ) 3 L
- ety otthe—hebausisy eRe—they—f it vt witi—the—sctemeivEreed—ie -

- ol I el Lk
bow,hased onthe—suppostbiom Pttt vl fructure s are—Streckfiasekhon angd
F g
fhe—srogcsinma—eross—ioimrbs

Balk (op.cit,) say%-thﬁrStreckflaechen are oriented more or less &F
random, The Grass Valley win fractures show a decided irregularity of ori-
entabtion,as 'a glance at 'the map shows, . : . '
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It‘is true that if the croséingé are cross<joints of: the Grass Valleyvintru-'
sive, then they are not orifented correctly with respect to the supposed

- gbreckflaechén,since the latter,not far Trom normal in strike to the strike

of the erossings, rmst have been originally tension faults, and :the direction
of compression, were the crossings crossdoints, must have been parallel to
the latter, But the crossings are apparently regional in nature, hence they
are probably not crossdfoints of the Grass Valley massiwe.Slince the measured
displacements on the vein fractures are reverse 1In sense, il.e. the fractures
are thrusts, it follows that if these fractures were originally Streckflae-
chen, they sufferedﬂrevers¢d°movement through compres&hnfvwﬁch mist have
acted in a rouchly horizontal direction, mkkk mazifmsk xwakizf mpwawdx With
moderate cover over the massive, a horizontal compressive stress would turn
the vein fractures into reverse faultss;the planes were there ready,offering
lines of least resistance,

Consideration of the minerslization confirms this notion, For such ext¥-
emely flabt veins, a powerful component of stress acting to produce nearly
vertical tension seems absolutely necessary. Horizontal compresslive stress
with easilest relief upwards would supply this. Note from the dlagram that in
the'case. supposed, the flatter the veins, the greater the tendency for them
to be pulled open,

The geologic history as worked out by Johnson and Cloos will mnow be
reviewed,to see whether any mamfm data confirming the notlon outlined above
can be found.,

Geologic History.

1. Formation of the vein fractures. Note that H.Cloos and Salk say that
the crossyoints are the earliest to form; the crossings,later than the vein-
fractures, dre therefore ohably not crossdjoints, kérmoe the vein fractures

2 ?mte Jg‘;:- -B?;., ':}”Z S ast . ¢J 4 )
may be streckflaechen,aTﬂese vein Tractured,localized as they appear to be :
more by the position of the top of the massive than by the sides. of the mas-
sive, are assumed by the writer to be Streckflaechen. If so,they were at first
normal faults, : méay serq occopres] by basic dikkes.

2. Formation of the crossgings, Whlle regional in nature, they are prab-
ably related to the Sierra Nevada complex batholith as a whole, Thelr attl-
tude suggests regional compression, NE-SW, and thecomplementary .aplite and
basic dikes along them “suggest a date phase of magmatic differentiation,
not necessarily, however, connected with the Grass Valley intrusive itself,
If NE compression did accompany the formation of these crossings, tCheir
verfical dips show that the stress wasg horizontal; ahd while the easiest
relief in general was NW-SE, for the oountry as a whole,nevertheless, with
a system of preexisting Streckflaechen,the tendency Xmr REMIXEREXXXXERE '
wouldpe for the horizontal compression . to shove up the hangingwalls of the
Streckflaechen,giving a direction of eﬁ?gation locally vertical, andgpmXx
pulling épen these flat fracturese.

3. Prior to the minersdlization, the basic dikes of the crossings were
offset along the vein fractures,in the reverse sense,maximum 20', Since there
were no markers in the granodiorite prior to the injection of the dikes,any
original normal movement on the vein fractures wouldéever be ‘seen,

4. Intrusion of the aplite dikes along the crossings.

S.Aplites reverse faulted along vein:fractures,and offset along some

of the crossings.

6;‘Vein fractures, and a fewfof,the crbssings;‘filled with guartz,
7, Intermineral thrust movements along.thé veln fracturés.,
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8. Renewed formation of cr0351ngs which offset the veins.

The last two stagen go -far to confirm the ideas set forth above,that
is, they show thrustingpn the vein fractures in cloge connectlon w1th
*hatever stress produced the crossings, sibe that stress operated before and
after the thrustiing. Incidéntally, the paper umentions ‘the fact tha t the
vein fractures and the cr0851n~s are mutually intersecting fracture sets,

Summary- Whether the vein fractures were Streckflaechen or marginal
thrusts is not of fundamental 1mportance. The chief points brought out in
the study are these:

1. The reglonal fracture pattern has two components: the. crossings, xxxi
regional on a grea, scale,but probably connected with the intrusion of the
Sierra Nevada batholith, and the vein fractures, regional on a smaller scale,.
and se envirofment and&eaoon for existence was furnishedby the Grass Valley
granodiopite., Hence both types .of reglonal fractures are probably connected
with large scale intrusion; the vein fractures are certainly primary intru-
gsion fractures, Whatever thelr origin in detall,

24 The ablllty of 1mportant gold&elns to, form along Extremely flat
faults while thrustlng was actually gmkmgom taking place along these planes.
Elongation.upward is almost the only congeivable mechanism for this.

3. Change in the direction of eﬁpgation due to preéxisting flat faults,
The  direction must hHave been NW-SE to permit the crossings to form,for these
appear to be tension jolntgj;and yet it mmist have been nearly wvertical to-
permit the veins to form alon” the flat faultse The fact that no dikes,ap-
parently, are found along the weln fractures,although reversée movement on
these fractures took place between the intrusion of the baitec and that of
the aplite dikes,and afteruthatieofnthecapliteidikesjomayloficoursenmean .that
some outside factor changed the direction of’ elongation at about the time
of the mineralization. This looks doubtful, because &f the reverse movement
on:the 'vein fractures was istraight up the dlp,then the directiongd 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 openingg was necessary,while with quartz and sulphides, a
mere potential opening would suffice,

Note:In connection with the above conelusions,the descrlptlons of<the

'velns Tractures and crossings are of interest:

Veins :Not simple veins,but’ fracture zones of variablé width and degree
of shattering,within which the qguartz veins are confined. Nearly flat HW and
FW feather joints,connected with the:reverse movement.0ften, where very ‘abun-
dent,these are ladder links to a parallel quartz vein w1thin the same vein zon

Crossings: Veryical joints,in places 'simple, in places sheeted zones.S@ﬁe
tight,others water cpurses;some have gougel.lMany individual crossings are
ehort but locally some form rethlvely persistent zones.There. is llttle dis-:
nlqcoment along either veins or crossings uhere they intersect,but offsets of '
both kinds do occur, :
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Note.,

In connection with the possibility that the Grass Valley wvein frac-
tures. were ‘originally flat- 1”"h~ normal -faults or Streckflaechen,it 1s of
interest to note that Balk, in "Structure Elements of Domes",says that ab
least ‘g part of the Cobalt silver ores occur along flat-lying normal faults,
near the lower contact of ‘a disbase sill, The fissures are planes of expan-
sion such as have been noted elséwhere near contact zones of diabases.

Balk says also-that in the Yankee Fork District, quko, two sets of fissure
gappesar -over an arch of volcanics 5 miles wide, underlaln by ‘a central vol-
canic mass, One set Sfrikes NE,the other at right angles to it. Check this
from original paper, in "Oore Deposits of the Western States",C.P.Ross:Ore
Deposits of Idaho in Relation th Structural and Historicsl u@OlOWV D270
Check also the possibility for synthetic.and anithetic faults over intru-
sive centers,; suggested by ‘Balk for Bonanza,Colorado (USGS PP 169) and Parw
ral (Schmitt ,AIME Tech.Pub,.304,1930) .

Furbher adceasible refer qcesvfor study:Der Sierra=Nevada-Pluton in
Californien. (1935) by E. Cloos. Nother Lode and Siterra Nevada '“atheiith,
E.Cl00s,1935. Gold Quartz Vadnsof the Alleghany District,by Ferbuson.USGS
PP 172,1932,






