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Geology of the Independence p8.lledietrict, Colorado

with speoial ref erence to tunnel eites for
divereion of water from the weet to the eaet
slope of the Continental Divide

.:BTJ. W. Vandenll t and A. H. kolichmann

U. S. Geological SUNey

PUBPOSE

Cooperative work between the United states Geological Survey, the Colorado
Geological Sllrvey:Board, and the Colorado lletal 1Uning Fund, though mainly devoted
to the study of mining dietrich hae included studhe pertaining to dam, reservoir,
and tunnel sites for water supply in Colorado. Oneof the most reoent water-supply
projects in the State involved the driving of two tunnels in the Independenoe Fae.
district  to divert water fPOm Soaring Fork and Lincoln Golch, on the west slope of
the Sawatch Bange, to the North Fork of Lake Creek, a tribu.tary of the Arkansas River,
on the east slope. The obJeot of thie diversion is to increaee the water supply
for irrigaUon in the Ordwaydistrict in the eoutheastern part of the State.

The writers were detailed to study the geologic conditiona that mi~t affeot
these tunnel sitee and were in the field from the middle of August Uiltil the middle of
October, 1932. During this time they profited by conll'Oltatione with If. S. Burbank
and T. S. Lovering, of the United States Geological S111'TeTgnd D. P. Rnhll'lng, a
mining engineer well acquainted with the distric:t. An excellent topogl'ephic mep of
the dietrict, bT 101J. Glelllener and T. T. BanneT, of the United States Geological
Survey. was completed for use in mid-September and greatly expedited the geologic
mepping. Thewritel's conclude from the field etudy that the looal geologic conditions
are generally favorable tor the driving of the tunnele butdlrect attention to a few,
pouibly  minor diffieulUee,

LOOATIAID J.IEA.

Independenoe Pass. in the central part of the Sawatch Range, is 20 miles east
of A penand 18 miles weet of TwinLakes. the two neareat post offices, on state High-
way 82. Thepa.. is on the Continental Divide between LBke Creek, a tribu.tary of the
Arkansas River, on the eaet and Roaring Fork, a tributary of the Colorado River, on
the west. The area desoribed in thie report COTereabout 25 square miles. and 18 shom
on the accompanTinggeologifEl.map. The part east of the Oontinental Divide has been
briefly descri':>ed by Howell. as a part of the TwinLakee district, but the part west of
the divide had not been preTiously etudied in detail.

Of the propoaed two tunnels, the longer, called for conv@!j\iencdhe Hlong
tunnel, v 1_ expeoted to extend from the Junction of the North Fork of Lake Creek and
Graham Gulch almo_t due west to Lincoln Golch, as shownon the map. The other, or
"short tunnel, v 1llexpected to extend eouthward from a point on Soaring Fork 1,700
feet southeast of toat Ilan Creek:to Lincoln Gulch.

‘RELIEF AND CLII4ATI

The topograph,- 18 I'llgged. The major atreams are below 11,000 feet, bu.t most

of the divide ill above 12,000 feet and somepeake along it exceed 13,000 feet in al ti-
tude. Manyof the slopes are between 20° and 40° and are conred with 100.. slide rook
or soil, but relatively few placea are inacoessible. The tim~er line rangea from 11,600

to 11,800 feet in altitUde, and some of the slopes below it, expecially east of the
diVide, have dense growths of IJpl'llceand pine.



Frost or light snowmay occur at any time throughout the year, and the heavy snows
that cloBe Independence Paas for the winter may fall at any tlme from early October
to December.

GENERAL GmLOGY

The formation. of the district conslst of pre-Cambrian gneiss and granite
covered b;y Tertiary llreccia and rhyolite flows into which a grani te porphyry, also
of Tertiary age, has been intruded.

Pre-Cambrian Rocks

Gnelss.--Gnelas, the'oldest rock of the district, occurs extenslYely in the
eastern. northern, and northwlestern parts of the area, and small areas of Lt are pre-
sent in the central and southern parts. where erosion has removed the relatively thin
cover of Tertiary rocks. Therelations between the gneiss and the Tertiary rocks, as
shown in the aecollipanyinggeologic sections. illlply that the gneiss '1111be the !'DOst
cOllllloock found in, the turlnels. .

The typical gneiss is a banded rock in which Ught-colorell. bandll of quartz
and feldsp,ar alternate with dark bands of biotite and minor minerals.  The arrange-
ment of these minerals in bands permits the rock to break more readlly parallel to
the banding than across it. Throughout muchof the area the gnei.. is intimately in-
Je~ted along the banding with granitic material and in places grades into granite.
The granitic injElctions range from bands a fraction of an inch thick up to sills 20
feet and more thick.  The strike and dip of the gneiss, as a rule. are more or le81
uniform in a given area, but locally they vary considerably, owing to minor contortions
in the rock. The regional strike is roughly northeast and the dip vertical or north-
west, but in the southeast part of the area, as shownon the geologic Iap, easterly
strikell with southerly dips and northwesterly strikes with southwesterly dips are
prominent. Regional study b&e shown that the gnei.. grades downwardinto more nearly
grani toid rock, and the tunnels may therefore pan at their great depths into a rock
approaching granite in composition and texture.

Granite,--Two large masses of granite are exposed in .the area, one near the
.est end of Green Mountain and the other in the northeast part of the dilltrict. They
are not near either of ths proposed tunnel sitss, and the only granite likely to be
cut in the tunnel '1111be in the sl11s that cut the guel8s. The granite 18 pinkish
gra:r, mediumto coarse grained. and consists chiefly of quartz, pink feldepar, and
black mica. Its texture and cOllipodion are unifonll throughout the '!.1'Ba.

Tertiary fo~tions

"TheTertiary formations consist of breccia, rhyolite flo.s, and an intrusive
stock of granite porphyry. The breccia and rhyolite were deposited on an irregular,
hilly surface, and it is therefore impossible to make close estimates of their thiclr.-
neSSEISnd of the depths to which they extend along the tunnel sites.

Breccia,--.&. breccia of pre-Cambrian debris 18 found in manyplaces between
the pre-Cambrian formations and the overlying rhyolite. and in the southern part of
the district it is also found interbedded with rhyolite. It is on the whole coexten-
sive with the rhyolite. along Whosemargins it is exposed, but it 18 absent for a
considerable distance along the diVide southwest of Independence Pasee where rhYolite
rests directly on the pre-cambrian gneiss. The thickness of the breccia is therefore
Yariable, but in underground workings north of Independence it has an indicated thick;.
Pess of about 300 ‘feet and in upper Grizzly Gulch its thickness probably exceeds 500
eet.

The breccia is most commonlycomposedof subrounded to angular fragmente,
generally of one kind o;‘ rock:. but in many places it contains fragments of Cltsiee,
granite, pegmatite, quartz, quartz felsite porphyry, and less commorrocks. The
ayerage diameter of the fr~ents is less thail 6 inchss. but fragments 5 to 6 feet
are commormand boUlders 30 feet in diameter have been found.

Theprevailing absence of the breccia at the- surface near the tunnel sites
prolliptB the suggestion that it may not be found during the driving of the tunnels. but
its irregular distribution pr~vents a positive statement. This question will be con-
sideredmore fully in the description of the geology of e~ch tunnel,



Rhyolite -1':lyolitecalnd  the Grizzly Peak r~ollte by Howell,2 occupies

an elongate area that extends northwes tward acrou the district. Tb1s rilyoli te now-
eel oTer d. irregu.alr and in ID8IlIylaces rugged suJ't&ce, and its thicknellS therefore
ranges from a thin sheet in someplacel to more than 1,000 feet at Independenoe
Mountain. In the vicinity of the tunnel .sitel it 18 of intermediate thickness, and
its relationl to tbe prevoleanlo surface, al shown in the two geologio lections,
imply that it wlllbe cut for a di.tanoe of about 1,000 feet in the Ilhort tunnel but
11'11Inot extend to the depth of the long tunnel.

~e rhirollte is predominantly pinkish, but in the western -cart of Indepen-
dence lolOuntainand farther west it is light gray. It conlbh  of phenocrysts of
quartz, feldspar, and biotite embeddedin a dense grloundmass, and containe numerous
inclulionl  of pre-Oambrian rocks. ezpecially gneile and granite, and fr—entl of
chilled r~olite. Theee includons are molltly en inch or lese in flhe, bl1lt d few are
5 to 8 feet in diameter.

In ID8llI'parts of the district and expecially near. the base of the rormation
the rhyolite 1ll vesicular. Ithe vedcles maybe 2 inches in length but most commonly
are half an inch or )eu. :Bending 11 present bllt is not COImIONn.A obe.racteristic
feature of the rock 11 its sheeted structure, whieb caulel the rock to &pHt into
thin slabs 1 to 6 inch.. thick.

In l118nyplace. throughout the area the ba.al memberof the rhyolite is a
darlr.-gray to black, more or less gla8IlY rock, which attains e maxilllWlhicknelll of
about 50 fest and.its be.t seen on the divide near the head. of Mountain Boy Qllleb.

In several places this rock OC(HlU'th the form of dikes, and it may therefore be en-
countered locally in the tunnel.. It contains nUlllerouscrystals of quartz, feldllpar,
and. biotite embedd.edin a dense to gla8llY groundmass. It contains inclusions of pre-
Cambrian gneiss and granite, molt of whieb are less than 2 inohes, though sOllleare

5 feet in diameter. JUIt beneath the rhyolite a .hitllh porous tuff is found in
places and izy be 10 feet or more thick.

Granite poxph.yrz.--The most recent rock fOl'lllatiOJlin the dllltTict is a
stock of grllJ11t8 porphyry that is intrusive into the breccia and rhyollte. Xi
cove~ a wide a.-ea crened by Ilncoln-Guloh in the southwest part Ot the district.

Its western boundary, outside of the area mapped, has been follo.ed in some detail
and is everywhllre in contact with rhyolite. Its  contacts are ste~ except under
Independence Mountain, where they dip !po to 1100 P. The porphyrY does not crOp out
on the north lid.e of Independence Ridge except in one place near the top Ot Indepen-
dence Ildountain. Where an oftlhoot extends for a little  over halt a mile )eyond the
_in  boundary of the porphyry.

1'he granite porphyry is gray and consists Ot phenocrysts of lloned fledapar,
abundant qua~tll. and biotite in a light-gray fine-grained matrix. @ The chilled facies
found near ite margins containl a Blli&Uemercentage of phenocryst. and.ba. d8f>ser
groundmass than the main mau. loth of the tunnels w2111 out this rook tor consider-
able distances:.

surficial  deposits

Surficial deposits in the district include glacial debris, talus, and
alluvial fans. They are shownon the accompanying map only where they are suffi-
ciently extensive and thick to ooscure the ebaracter and relations of the bedrock.

All the zulches in the district have besn glaciated and are covered by glacial debris

which ranges from a"fe. feet to about /5 teet in thickne!ls along the I10pes blit which
may be muoh thicker along the bottoms. 1l0st of the glacial covering found along the

valley elopes 1e probably thin, but thicker aCCUIll;lliatiorare present "t th...junction.
of the tributaries  with the main gulches, inclUding the Junction of' Glizzly Gu"ch and
LinCOIn Gulch snd that of GrahamGulch and North Jork Ot Lake Creek, in Which the tw.,
ends of the long tunnel are located.

2. Howell, J. V., Op. cit, p.l



Talus fans and alluvial fans are cOlllnonn the area. The talus fans are con-
fined to the heads of cirques and in general haTe no bearing on the geology along the
tunnel sites. The alluvial fans overlie glacial debrla in the valley bottoms and thus
have increased the thickneas of the valley fill. They are moatly above the positiona
of the tunnel portals, and thoae at the west portal of the long tunnel may have material-
I;y increased the depth to bedrock.

Strncture

The stl'llctural features most 1lkel;y to affect the driving of the tunnels are
shear or fault zones, the regional atrncture of the gnehs, the contacts between the
pre-Cambrian formations and the Tertiary formations, and the contact between the
rhyolite and the granite porphyry. '

Shear or fault zones.-Surface indications of faul losare few, blltthe few
accessible "Uiiderground woridii8s north of the old toen of Independence show two seta,
one set with a N. 500 'f. strike and the other with a northerly strike. 1'he maxillll1ll
displacement by these fanl ta, shownby the offset of a gold-bearing quartz Tein, 'le
about 125 feet, but the average displacElllent is 1e88 than 10 feet. :Brecciation along
the faul te is negllglble, even close to the surface. Very 1llttle timbering was necels-
ary in the minel and 1ll10stof the underground workings, 30 to 50 ;years old, have Ilumped
very 1lttle, showine:the rock to be unusually firm.

About 7,000 feet east of the junction of Lincoln and Grhzl;y Gulches and on
the north side of Grizzly Gulch two vertical fault zones, one etriking northwest and the
other northeast, cro.. the courle of the lone: tunnel. The northwest faul t zone is
parallel to the contact between the granite porphyry and the rhyollte and a zone here
about 200 to 300 feet wide shows fracturing of both the rhyollte and granite porphyr;,.
Sllckenllded fractures are abundant in the local rhyolite and are Bomewhal.as numerous
in the granite porphyry. 1'l@isplacement is evident and if present is ;probabl;r small.
‘I'ne northeast faul t formB a shear zone about 100 feet wide and has horizontall;r dis-
placed the contact between the rhyolite and granite porphyry about 250 feet. Ite prob-
able continuation northeastward across the Continental DiTide is indicated by the pra-
aence of slightly mineralized fractures in the rhyolite near the pre-Cambrian contact.

A third faUlt is suggested along the divide northeast of ths two just des-
cribed, and if present 1ay continue southward across the course of the long tunnel.
'lhere the west slope of the divide 18 gentU, whereas the east slope 18 a bluff. The
rock along the bluff is a IllUclbroken granite, but Whether it represente a shattered
granite sill in gneiss along a faUlt or is part of the breccia that cOIlI'IOnbecurs at
the base of the ihyoll te has not been determined. Yost of the steep slopes that COIIIIOr
ly occur on the north and west sids_ of ridges throughout the district are due to the
rapid erosion caused by temperature chane:esand frost action and are not to be ascrib-
ed to faul tine:.

The presence of SWIlllIground and several springs a mile ea8t of Green
Mountain and the apparent break in the ridge to the southeast suggest another faUl 10
zone, whlchbas been indicated on the unipl but since the north side of the ridge at
thioBapparent break 18 clearly a cirque and the apparent break in the, ridge 18 attri-
butable to glaciation, and since the sWIIlIl.Bgn4ltion ma,ybe due to o;;-strliction of
drainage by glacial debril, thil suggestion of a fault has Very little to 1JUpportit.
\'he abssnce of any apparent offeet along the poorly expoled contact between the rh;yoUte
and pre-Cambrian rocks oasts further doubt on the exhtence 0t such a fault zone.

In the eastern part of the district few shear zones'ma,ybe present. but no
faUlte can be traced. At the junction 0Ot GrahamGUlchand its northern tri ba.tary
granite 11 found in contact with guehs along a broken zone about 25 feet wide blltwi\b-
out determinable dlsplaetment, which .trikes northeast and croases the tunnel site.

Reginal structure g! ~ gnel8s.--The gneiss along ths norl:,hern part of the
short tunnel site maintains 110drevailing northeast Itrike alld steep no:thwest to
TerUcal dip, and its Igers will theretore be crolsed b7 the tunnel at moderate to
high angles. Near the long tunnel site the Itrike of the gneiss is more irregUlar,
and eastward and southward dips are cOIlllNIObut on the whole this tunnel, too, will
cut the layers of gneiss at moderate angles, and any local Ihear zones or other sources'
of weakneu along the Ill.7ers will cause only local difficul ties.

Oontactf between pre-Cambrian ~ Tertiary formationl.--'I'he  contacts between
the pre-Cambrian formations and the Tertial7 breccia and rhy~11te iappear, in some!
plaaes at leaet, to be undergound watercourses along which some decomposition may have

taken place. Thie statement appUes expeclally to the relatively porO\Ulbreccia, which

-4-



lies between the rhyoll te and the pre-Calllbrian rocks over llIUctof the area. sm.ll
eprings are found along the breccia at the head of Mountain Boy Gulch, btlt eprings
and a swampyzone from 25 to 50 feet Wideare also present a short distance to the
north along a poorly expoeed contact between rhyolite and gneiss.

In the Brown tunnel, Just east of the old town site of Independence, and in
the Tillie tunnel the brecoia 18 IllUchdecompoaed. In theae tunnela it 18 close to the
INlrface and near a probable fault, which may aooount tor its decompodtion; btlt the
apringll and .. amps in other places IN\lggest it mayalso be deoomposedat a considerable

dllitanoe below the surfaoe. In many places, however, the outorops of breccia giTe no
indications of decomposition, and it is not likely that seriGUs difficulties will arise
where the tunnels are to be driven through breccia; in fact, it is improbable that the

long tunnel will GUteither the breccia or the rhyolite. and the breccia may also be
absent along the line of the short tunnel.

Contact between rhyolite and granite porphYry.-The contact between rhyolite
and granite pOlphyry as a whole is not a lli&rkedzone of weakness, as it has had little
influence on the looalization of topographic features, and the rock exposed along it,
with local exceptions, is fino. On the south side of Grizzly Peak the granite porphyry
at the contact weathers to a brown-stained graTel along a zone from 10 to more than
400 feet Wide. No springs or swampyplaces have been found along this contact, however,
except at one place in Grinly Gulch, where the swampyground is more probably the
result of glaciation than of circulation along a watercGUrse at the contact. = The con-
tact near both tunnel sites gives no indiCation of weakness except where it is closely
paralleled by the fault zone. already described, over the cour!'e of the long tunnel.

OROSSECTIONAII1IBELATEGIOOLOGIRATURES1T THEFROPOSEDUNNELS
Long Twinel
(Oross section A_A")

The proposed east portal of the long tunnel 18 about 250 feet northwest of
the Junction of GrahamGulch and the North Jork of Lake Creek. The west portal 18
looated about 1,200 feet northeast of the Junotion of Grizzly and Lincoln Gulches.

EOrlli&tionsalong tunnel .1.U.l..--The east portal 111lin an area of gnehs 10cal-
ly cO'feredby glacial debris. The gneiss h exposed in the etream channel of Graham
Guloh southwest of the port~, and outcrops of it are found along the stream to the
west at clo88 inte"als for O'f'er 3,000 feet.  Another outcrop of gneiss was found
1lllmediately above the oourse of the tunnel about sao feet west of the portal. Solid
rock may therefore be expected on the tunnel level within a few hundred feet of Ihe
portal.  The glacial cover along the tunnel line is estilll&ted to be from 25 to 50 feet
thick in places, but the actual thickness at any given place can be determined acourate-
ly only by drilling or trenching.

Gnei.. llI&ype expected for 13,700 feet alcng the east part of the tunnel and
granite pOlphyry for about 6,200 feet along the west part.  The strncture of the gneiss
along the tunnel 'faries, btlt in general the strike was found to be 500 to sao east of
north.  Observatione in the IlUrrounding area IlUggest sharp archlike or anticlinal form
in the gneheic banding, the 8.%1&f which appears to be north of the tunnel line and
to pitch westward. The strike and dip of the gneiss along the tunnel will therefore
do",b~le.. change from point to point, btlt in general the strike will be at an angle
rather than parallel to the line of the tunnel, and My weak layers or partings along
the gneissic banding therefore Should not seriously affect the cost of tunneling. The
grani te pOlphyry is masel'f'eand apparently without fractures except for inelgnlfioant
Joints and should be a 'f'el'7satlefactol'7 rock in which to dri‘f'e the tunnel.

The rhyoll te which o'f'erlies the gneles along the tunnel line sppears to be
r.lati'fely thin in most places, since erosion has out through it and ..xposed the undel'-
lying gneiss at altitudes between 11,SOOMd 12,600 teet on both sides of the divide.
The base of the rhyolite near the granite porphyry can not be accurately projected be-
cause the exact fono of the irregular surface on which it was deposi ted is not known.
The maxtllwD dope of this surface along the divide Md to the west above the tunnel 18
about 35° SW. The projection of this slope on the cross section is about 25° to the

horhontal and implies that the contact is nearly 750 feet above the tunnel le'feel; it
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h therefore improbable that any considerable alllountof rhyollte will be cut by the
tunnel, although a few of the black rhyolite dikes previously mentioned may be found.
'Ib.ese ehould not affect the tunneling appreciably.

'Ib.. west portal of the long tunnel will be in unconsolidated material, com-
priaing alluvi&l fane imd glacial debris, which oveflie granite porphyr;r. .U the
granite porp]:Im crope out in the stream chann!'l of Lincoln tlllich west of the portal
.and also i'n the channel of Grizzly ()o.lchto the eouth. it may be inferred that the
unconsolidated cover along the tunnel line may not be ver;r thickl but owing to possible
irregulari tie. in the bedl'lick rurfac., ite max~ thickne.s may uC:.lild 200 feet. ‘Ib.e
depth to eolid rock can be determined only by drilling or trenching.

Eaul.h Illldpaossible weak sones.-'lb.e  gneh. both north and south of the tunn4
18 out by a few .marl shElaror"1'i=&cturezonell that strike 350 to 400 west of north and
dip vertically. Any displacement along them 18 probably Illllall and the width of lilly one
zone 11 limltEtdto 1e88 tnllll 10 feet. 'Ib.ese zones pinch out along the Illtrike and Can
not be traced conUnuoullly to the tunnel line. al though lli8lilar minor SOnellare to be
expected there.

'Ib.e shear zone ehoen intersecting the tunnel line 2.000 feet eest of the east
portal is exposed in the stream channel of GrahamGulch. The rock along It 11 broken
and iron stained for a width of nearly 25 feet, but the lltrike and dip of the sone are
not eell defined in itll one outcrop, and the lillllOundf displacement Clllinot be dehrmin-.
gd'tft To the northeast and southWest along itl strike this sone ill covered by glacial

rift.

Under the Oontinental Divide. about 12.000 feet eest of the cast portal. teo
faul tl are euggested on the cross eection. The eastern one ie inferred from a eteep
bluff' of broken granite 1.500 feet northwest of the tunnel line. al though the bluff may

have resul ted mainly from glacial erosion. 'lb.e eetimated Width of broken granite along
the bluff 11 200 feet or 1e88. The western one is indicated by an off.et of the granite
porphyry contact 1.000 feet south of the tunnel line. 'Ib.ewidth of this faul t zone at
the grani te porphyr;r contact 18 estimated to be not more thllll 100 feet. 'The dips of

theee faul ts are steep or vertioal but their strikes owl not be detini tely determined,
al though they appeal' to have the general trende shownon the geol ogic mep. Since these
~0 zones. if continuous, should intersect near the tunnel line. there maybe a broken
zone between the two. but there is no llurface evidence to indicate that thl8 18 probable.

A little  farther west a shear zone of northwest trend closely parallels the
contaot between granite porphyry lllld rhyoli te above the line of the tlll.Inel." llan;y
slickensided surfaces parallel to Illlddipping into the essentially vertical contact are'
present in the rhyollte and to someextent in the porphyry, but'the dI8tributiOn of
chUled marginal facies of the porphyry and of bl'anches of it in the rhyoli te indicate
that any displaoement along the ehear zone 18 probably small. 'lb.ewidth of the broken
zone ranges from100 to about 300 feet.  ‘''he porphyry 18 iron etained Illld somewhatdis-
integrated. although relatively firm rock 11 found in a nearl;y continuoue outcrop along
the contact for a vertical distance of at least 700 feet.  Oc-tCropllof the adjacent
rhyoli t. also are numerous, and the rhyolite breaks into sharp, Illlgular fr~ents that
give no evidence of decomposition. No cla;y mineral was found in either rock. 'lhis
shear ZOnemay be related to an old faul t which guided the intrusion and along which
Ii%tgr movementoccurred, or is may represent a movementwhich wiLs entirely post intrus-

'Ib.e ehear zone at the 8l1lrf&ceis appreciably weeker thllll the rock on ei ther
Side. Underground it wllldoubtlees be relatively weekalso and at the tunnel level it
may prove to be a water channel in gnei... The abSence of clay minerals at the surface
does not prove their abssnce at lower levels, but if the rocks CIIt in the tunnel are as
firm ae those found at the surfaoe unduly heavy ground need not be anticipated.

Short tunnel

Formations along tunnel !i!..--'Ib.e north POral of the short tunnel is in
Roaring Fork about 1,700 feet upstream from tolleJunction of Lost mMan Oreek. The south
portal'’ 18 in L1nooln Gulch.

. ‘lhe north portal 11 in an area of gnelee that crops out in the stream.

Glacial drift covers bedrock for 400 to 500 feet south of the portal. but the .teep
slope is a fair indication that .011d rock is near the surface. ‘'I'he gneiss will be en-
countered at least for 5.000 to 6.000 feet. to its interred contact eith the rpyu:o.ite
Illldmay extsnd to the contaot with granite porphyr;r, Whichis about 7.000 feet from the
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portal. ‘Ibe posi tion of the contact between the gnehs and the rhyoll te along the tun-
nel line can not be determined because of the irregolar surface on which the rhyolUe
was deposited. Locally the slope oYer which the rh;yollte flowed along the tunnel line
&Wears to strike northeast and to slope about 300 SI. 111, 1117 other places it elopee
lII" to 1109 If thI8 degr.e of dope ‘'llershte downward,rhyoli te should be cut by the
tunnel as suggested in cross section &\

The contact between the gneise and rhyolite in places is a faYorable water-
beUing zone but not noticeabl;y weak. Outcro::;,sof the contact cOlllllonl;yhowfirm rock
without appreciable alteration on either dde, and no extenBlve swampyareas are found
along the contact, even where small llprings are cOllllllon.

It 18 also possible that breccia will be found between the rh;yolite and gnel.~

since 1t occurs locally on the surface. ‘Ibe breccia may be as muchas 00 feet thick,
and 1ts inferred dip of 250 along the plane of section impliee that it Mal be cu.t for a
dietance of ae lIDichas 100 feet along the tunn.l. Th. br.ccia h a weaker rock than the

rh;yollte, gnehs, or granite porph;yr;yand may require some timbering; how..er, as stated
in a pr8lious paragraph, the Browntunnel, which is appro:l:l.mately5 b;y6 feet in cro..
secUon, is in breccia for 300 feet and has stood for over 110 ;yeus without aaYing.
Similar ground in the proposed tunnel should therefore cause relatively little  trouble.

The contact of the granite porphyry at the surface and east of the tunnel line
dipe about 70° IUll,, and abon the tunnel line the dip of the contact is nearly vertical.
From the contact practically to the eouth portal only grani te porphyry will be encountered..
Although the i_dlate vicinity of the eouth portal :le covered with glacial drift, por-
ph;yry crope out along the tunnel line only 300 f.et to the south, so that bedrock may be
expected eloee to the tunnel 1....1 at the portal.’

‘Ibe intrusive contact of the granite porphyry along ,the tunn.l line ie well ex-
pontl east of the tunnel line high on the elope south of Independence Mountain, and where-
ever exp088tlth& porph;yr;y:le "frozen™ to the rhyoli te, Indications of shearing, alteration,
or other signs of weakneee are entirel;y lacldng, and the contact should not cause any
diffleul t;y underground,

Faulte and p088ible weak zones.-A  faul t strlldng lit 800 E. and dipping ver-
tioally :le found on the sur:t'acea.bout 3,100 fe.t scu.th of the north portal. In one place
along this faul t a Il1I81Temnant of rhyolite Is found on the south side of the fault in
contaot with pelse on the north lid.,, proVing that the eouth dd. hae moveddown relat-
ively, but the amount of dieplacement 11 not olear, Th:l.efaul t where expoeed nearly
1,000 feet abo.... the tunnel line 18 accompaniedby a zone of broken grountl lese than 20
feet wide and does not eeemlikely to cauee muchtrouble if cut in. the tunnel.

The tloubtful fault zone that hae been mappeda mile eaet of Green Hountain does
not appear to intersect the tunnel 1:l.ne,but einoe it eo nearly parallele the tunnel Un.
geophysical methode or drilling are recommended:l.rst to determine Whether it ill really
present, 8I,d if eo to determine its width and relation to the proposed tunnel 1:l.ne. Should
it prove to bepr.sent and to threaten serioue diffieul tiee to tunnel operatione, these
d:Ltfieul t:l.es may be avoid.tl by shifting the couree of the tunnel a.l:lttle to the .. st.

SUMIol.AR!" OF CONCLUSIOIiS

The etu~ ahowsthat there will be about 13.700 feet of gne:l.aeand 6,200 feet
of grani te porphyr;y in tile long tunnel. Ibese formations will pro.... etrong rock with the
exceptions already noted. The total estimated Width Ot possible broken zones which ~
require Umbering :le between 500 and 100 teet.

In the short tunnel about 5,600 feet of gneles, 1,500 feet of royoUte, and
2,400 feet of granite porph;yr;ymay be expeoted, As much ae 700 feet of breocia may be
encountered betwe.n the rhyoUte and gnehe." ''hebreccia :le a rather Weak tomati on ae
compared with gne:l.esand grani te porph;yry but :le not .xpeot.d 10 cauae excessive cost in
tunneling, since it ei knownto have etood for more than 110 ;years with I:l.ttle or no caving
in old mine tunnels. A poeeibl. fault zone that nearly parallels the tunnel end may in-
tersect it should be further etud:l.ed by geoph;YSicalmethode or by drilling.



SOURCE OF MATERIAL FOR CONCRETE

As thed mmnel is to be lined with concrete. and as concrete may be u8ed
alg8o for local UEMl. it 18 noteworthy that the large amounts of granite porphyry
and gnein. 11S.ell as the probable minor amount of rhyolit .. that w11l be taken
from the tunnels. ehould proYide an adequate eupply of coar8e and perhe;pllaleo fine
aggregate. The gneis8 and granite porphyry. and in moet place8 the rhyolite. haye
8trength, hardnelll. and resl8tance to weathering cOllparable to tho.. of granite and
should therefore be satisfactory for 8uch U8.. In places in the gneiss there may be
sufllelent cllal along Joint8 to necell8itate 80mesorting of the rock. but probably
little  more than would be necessary in a surface quarry. Laboratory test8 should be

made. howeYer, to ....1'1fy this opinion regarding the suitability of the different rock8
for concrete aggregate.
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