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The Hopewell sepies is o group of pre-Uambrian mete-
morphie roeks exposed in Lhe Pleuris, Petaca, and Djo
Caliente dlstricts of novthern MNew Mexico. In the 0jo

Caliente district ambrian rocks

ars exposad in an surrouwnding
Tertiary strata. This inller represents & low mountain

or monadnock on an early Tertlory arosion surface.
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The Hope: has heen divided into two phases
the Pleuris basalt and a seples of metasedimentery rocks.
Boih gereral rock types show a well defined sequence of
metamorphlce degree, but the varistion of wmetamorphie
degree 18 roughly bedding controled. The highest degree
of metamorphism noted in the eres ls eer@iﬁﬁiV% with
the 8illimenite zone.

In type, the metamorphic processes involved could
be ¢lasded a8 rnomal reglonel metamor rphism, vhich in-
ciluvdes & certain emount of metaaomation.  From the
gvidence in the 0Jo Caliente district 1t seems probeble
that the processes of momﬂal regional m@tﬂmmrphiﬁm W

reled out in large part under the influence of hydro-

thermal solubtiong.
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¥umerous iholne-gegtionsg were oul from Lhe hand
ﬁy@&im@né ohbained in the field, and the wrlitser ex-
gmined 28 of these under the pelrographic microscope.
ﬁima@ﬁﬁ thenks are dus to Professor R, H. Jahnsg,

ander whose instructive lsadership this project was

carried out, and to Professcr £, Te Smith and V. R.
Mm%hl%@wgé%; with whom much of the Tleld mappling was
done, The writer alse wighes Lo thenk Professor Ian
gampbell, who has been most kind in offering helpful
eriticier and suggestion

Physical Teatures ol the Ojo Caliente district

e OJo Caliente disirict is In Bio Arriba Jounty,
northern Hew Mexico (Plate IT). It lies lmmedlately wes'

snd north of the 1ittle town of OJo Calisnite, which is

@

geven miles south of & Medere. It 1s on the west gide

]

of the Caliente Riwver, which flows southwerd into the

Chame, & tributery of the Rlo fGrande. The mapped area,

ﬁ,

which inelndes some of the reglon surrourdlng the main
mining dlaetrict, liss between the altitudes of B700 and
7400 feet, and includes Glo Caliente Mountain on the
waat side, spd & part of La Fadera Mountaln on th%
novthesst side. Thet part of the ares cornsldered in

this veport ocouples about nine sguere miles in T.24H.
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Pegmatites snd cther pre-Cambrian intrusive rocks.-- Boih.

the rocks of the Hopewell series srnd the Vallecltos
metarhyolites have bheen inlruded by numerpus pegms titu
and gusrts dikes. The pegmatites heve been investlgated
and described by mt@rrﬁtt13 Telmage and Foottonl®, Justld,
and by Jahnsl®, who has inves stlgated in detall all of the
deposlts which have been worked. Jehns stat ﬁlg "ihe
pegmatites, rost of which occur in the amphibole schist
end assoclated metamorphic rocks, are tabular hodlies 35

o 7H0 feet long and & to 68 feel Iin maxipum outerop

s

preadti. Their ratio of length to thickness is distinctly
greater than that of the Petlaca pegmetites. HNany of these
bodlss are sill-like. Thelr general trend fs V. 70%., with
gteep northerly dips. Zornsl structure is charscteristic,”
The chief zonal constituents sre massive queris, blocky
micreocline, and finer-grained microcline and alblte.

Large books of wmgewv€te cecur lecally in the cores of

“the pegmatites. The accessory minerels comprise ppege

gsartite, fluorite, beryl; columblie, monanite, samarskite,

TT Eterreti, L. Bey L10H GBPOSILS OF The Initec TTatss:
Ue B, 080l “ui“"%“ﬁ’ Pall, '?“33:{} P 1{‘30“1*’?%, ‘.}ﬁéﬁgvﬁg arnd Mica
in ®Rio Arribas County, New ﬂ@wifma Us B¢ Geol, Survey Bull,
5$u$ pe 388, 1913,

i2 Walma,%, 3e Be, snd looltton, T. P., the non-metallic
mineral pescurces of Wew Xexlico and their etonomlic fastures:
¥eo Mux, School of Minss, Sitate Pur. iines and Mlin. Res.
Bull. l», PP« 116-117, 1057,

13 Jusi, MV&m, op. ¢lt,, p. 85 (guotation from Sterreiitl.

}Jﬁ: i?tﬁ}wn%f, .,.»AQ E’Eﬁ@ f}é}g M-J..éxﬁg J‘{ig '“W?-.fﬁ;?é%,
1B Jehng,; Re Hoy 0Op. clite, pe. 287,
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owing to lack of definlite evidence, 1t gsems best to

ore-Cemyrisn,

B

raefer Lo the metsrorphlc series aw

ﬁannﬁmic‘raeka
Above the pre-Cambrian r@bk& lie the Tertiary basalts
snd stream deposits, which overlap on the early Tertlary
menadnoc ks 0 now exposed &5_33@ Caliente and La Madera
Hountaing. |

rﬂ&lienﬁ@ awﬁglmm%rab@.wv Some of the esrliest of the

stream deposits occur as isolated patches, rarely more
than 30 to 40 feet in thickness. These £1ll some of

the ravines on the wmountein sideg of the old Tertiery
sroslon surface, whiech 1s now belng exhuamed In the gresent
eyole of erosion. The deposits are compossd of materisls
darived from the underlying pr@wﬁﬁmbri&m rocks, mostly
guarts and amphibolite, from which they apparently
acquired their olive~-brown elor. They ere pamfly gsoried,
unstratified, poorly congsolidated, and consist of angularp
and subangular cobbles in a matrix of fine sand end silt,
Although these deposits octur a3 isclated psiches, 11
geems falrly saefe to correlste them &ll on thé bhasis of
lithologic similarity. The name Callente econglomerate

is proposed for them, after the Caliente River, near
which they éare best exposed, In the narrows between 0Jo
talilente and La Maders Mountains. The Caliente conglomerate

1s ovariain unconformably by the Abiguliv tufl, elassified
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wast slde of the Cgl lente River, two wiles rorth of Olo
e, B P . ok o o i P Fa s 3
Calisnte. In rost places thede remnanits of slinole

¢

oeality, nesr the Jossph

coarse flow breccle is prsssnt. It would he impossible
to deternine by the Mield reletions of these basalis,
wiihin the limited sree under considerstion, how much
younger than the Abiguiu tull they might be. Directly
south of OJo Caliente Wounteln, bowever, lithologlcally
1dentical besalis are interlayered with the %:}iqwiu waff,

flows teansect the older tuff

The Teedsr dikes
; 25 . , :

beds. Smith™" includes all of thew with the sbhicuiu tuff,

and thelr age is Upper Miocene, as they are interlavered

and conltemporaneous with the Upper Hlocene tuff.

Sante Vo fomatlon,=-- The
SR

into the typiesldl Tluvietiles

the underlying tuflf

mite Pe Ffomption.

£

e

prinelpalldy in compositlon, corteining a wuch lower
proportion of sndesitiec Iragments, or total lacking them.

The Banta Pe Fformption 13 &lss somevhat cosrser than ihe

gf;

sbiguiv wlf. Ib is exposed slong agxtreme wastern

e

it is

azainst the Abliguiv Wil and pre-Capbrisn rocks. It also

e g S FLE S o ] % e de S
appears east of the Caliente River spd South ol Le

e 1t confommebly overlies the wff. Its

) Sl o T i ‘{? o B PV K
2 i B g e LE Yeg Ofe GLlUeg e @‘4‘ LS



maximum thickness probably ig of the order of hundreds of
fest on the western side of thse erea. Fvidence from
vartebrate Tossils, collected from this formation, in
other areas, Indicate an ege ranging from Upper Hiocene
to Lower Pliccene<®, ?Tﬁbﬁbly enly the lower, or Upper
Miocene part of the Senta Fe formation is present in the
O0Jo Caliente ares.

Owl C1iff tufa.~~« The Oowl CLliff tufe comprises & series

of hot-apring deposlts thet overlies the Abiguiu tuff,

It elspo lies above some of the terrace gravels west of

the Calients River, north of Cjo Cellerte Mountalin, and
on %h@‘W@%ﬁ flank of Is ¥eders Mountein. There the tuls
forms the capping of the steep Owl Cliffs, Its digiri-
bution is controlled by the major faultes slong vbieh lime-
charged solutions have [lowed.

Keny parts of the tufe are highly vesiculsr, mnd the
presence of 1ife in the hot springs during the time of
depesition is indicated by hollow tubes, left by reeds,
am&'by tiny dhells of fresh-waler gestropods and pelece-
pods. Other faclies are more solld and massive; @nd contain
isolated pockets of pebbles, which give & suggestion of
bedding.

fhe tufa 1s composed chlefly of microerystalline

calelte with minor quen titles of detritel werts and sesms

BB OS00TM, He Pep CENOZOLC MEMBLLEN NOPLBoNE 6T V68Lern
Morth imerice, U. 8, Geol. Survey Bull, 381, p. 65, 1800,
and Hguides of Qligocene, Mlocene, and Pliocene of North
America, Iconogrephilic Type Revision, Mem. Amer. Mus. Hat.
Eiéﬂte {3’%05‘3’}9 {@QL}:{‘O II} ?%if‘tv Ep pz:'c 5‘%3 ::ff ‘“?@3 1{.’”‘;18!&



w3 -

of travertine. Ite oversll color ls s light creamy

Puff,  The maximum thickness of the deposits 1s about

je ]

50 feat at the Owl C1liffs, xéﬁr§ deposition is continuing
at the present time.

ﬁindgr@n27g who ¢tudied the spring deposits at 0o
Callente 1tselfl, O@&iﬁv d vuat the formetion of some of
calelte and fluorite veirs there must have extended
back into @%ﬁtiary time. Pecsuse of the terrscs-1llke
position of ithe OQwl Clirf twfﬁ§ nowever, mest of the

tula there is probably notl ¢ldspy than Queternary.

L7

Terracs greavels.-«  the Csllente River and iis larger

S

tributaries are flanked by & seriss of terracse deposits,

whieh overllie the pre-Canbrian rocks, &g wall a3 the

£

Tertlary soedimentary and voltenic rockg. These deposits
are com@waaé of erudely siratified and poorly sorited
gravels wiltl pebbles ol guerits and voleanic and pre-
Cambrisrn rocks. TLocally they are cemented with caliche
or interbedded with the Owl (115 tulfs. Thelr pverall
color iz browmnish grey. The thicksst terrace deposits
observed ovarlie the Bantsa Fe formation eaast of the
Caliente River and zouth of La dedere mountain. There

the gravels are 30 feet thick.

D7 LANAgren, We l0emar, UriLoN, Lel ey 800 GOTUOL
Ge Hoy 0Ds 21Le, Do T8



Plate II
Stratigraphic table for the rocks

of the Ojo Callente district.

Terrace gravels and alluvium

Quat.ernary -
Oowl Cliff tufa

Lower Pliocene
to Santa Fe formation
Upper Miocene
(3]
Ll
N
o | & Abiquiu tuff with interlasyered
5 1 &% | Upper Miocene
o g basalts
¥ ;
©
2
Caliente conglomerate
Eocene (?)
El Rito(?) formation
Pegmatites, quartz veins, and
rare hypersthene gabbro
Vallecitos rhyolites
Pre-Cambrian

Ortega quartzite

Hopewell Picuris basalts

series Metasedimentary

schists




structors

R A IR

The Tertiary formations heve very gentle Jips,

except wiere dragged along the larger fenlite. In contrasi,

3

all the pre-Cambrisen formetions dip steeply, excep i @3;'1‘
0o (&d lente Mowntain. The Intrusive metaryrolite

of ¢jo Callente Mountain forme s dome-sheped structure,
and & minopr gide dome Ls located on the northesast side

Fud

of the mountelin lust west of the Joseph mine. YNorth
of 0Jo Calien te mowntain the pre-fambrisn amﬁm dip
to the porth, up o a lerge fault which transects the
wmzﬁmzﬂ@?- Tiie definliely implies thw it the notasedi«
mentary and metavolcanlc strate sre right-slde-up

(W:sﬁﬂ gest to the north and oldest nexi to the intmsive

bmij under 0o m‘a iente Mountain) uwnlessg the rvhole fonme

%M’
7
ot

of metarhyolite were inverited. Nesrly ell of tie D@
Cambrisn stiratsa, except those bensath Ojo Calien te
Wountain, strike west to wWeabt-northwest with only minor
varis tions.

North of the sbove-mentioned fault the strats

dip soubh, snd 1t 1s difficult to determire whe ther or

not the secblon 18 overtumed on the bhasis of evidence

within the sree mapped. This section doeg not match up
with any strete ercound (Jo Laliente Hountain. On la



- 2

Meders Mountein, believed to be separated from the
wastern part of the sree most by another lerge fault,
most of the pre-Cambrisn beds dip within Tive or ten
degrees of the vertical., Certainly the evidence in the
ares mapped gives no basls for Tugt' e <P inter@&@t&iiéﬁ
of isoelinal folding, eg there 1g no repetition of
stratigraphic sequence, The irpeguleritles of aresl
CClstribution of the rocks, upon which Just evidentily
based pert of hls conclusions, seems bo be chiefly the
resylt of faulting. |

4B w whole, the strets ere uvnususlly free of dig-

tortion, ¢considering thelr geolo
s &

pa

gle entioulty end the
degree of retemorphism fo which they heve been sublsected,
Furthermore, the sehistosity is nearly everywhere
parallel te the hedding, es seer in the fleld, in hémﬁ
specimens, and in thin secition. This seems to imply

thet the direction of schistoslity hias been lergely

controlled by the originel bedding of the rocks.

FPaultis
Callente faull.-~ Although the Caliente fault is slmost

unexposed, its existence can herdly be denied. 7The one

OF qUBL, FVEr, Ope Clltey PLEGE IIT



place where 14t 1s axpeossd is on tie tlp of & blunt
aastward protuberance of the west bank of the Callente
River. Elsewvhers 1t is buried under EIl Rito(?) beds,
the sblguiu Wil snd Bantae Fe Tormetion, bass 1%9

el CIIFE tufe, terrace amw«;l&& erd vel Jey-bo thom
glluvium. This burial iz the resuli of localizetion
of fluviatile deposits in the weak end topographloally

trace of the fanlt 1&3

c-i.

low Fault sone. In addition, the
well morked by & mx‘i\% of hot gprings, which have formed
wufa deposits that also tend to concesl the Faulib.
 Probably the hot springs &t OJo Caliente wre & con-
tinuation of this series and heve formed slong the sane
fault zone. As the fault iz nearly completaly buried
not much can he detemined corceming the m‘«xwz&@ of
1ts dlp, @ rection ¢f daplocemeri, or breadih of zone.
1% trends noritherly, md appesrs to be somevhatl
ginucgus, with & trace that 15 convex 4o the epst.
Apparently thers has been no recent wmovemeni along the
feult such a8 to offset the ovarlying beds. Thersefore
1% rust be et least of pre-Rl Rito{%?) age and probably
g mueh older, conglidering the seeming effeet 1t hae

nad in determining the relationsz of ever the Tertlary

TPHE DY e

Bl ite fault.~= In conivest to the Calliente fauli,

11 bounds e

the BI RAlto feull ls well expossd w



N

west side of Qjo Callente ountain and farther north,
whare it branches. The northern brancn lles near the
£l Rito rosd (afier which the fault is names) for &

distence, north of which 11 itrends to the northeast,

and the southern branch trends sbout east northesst

and lies somewhet less than a mile south of the El

Rito roed. Perther to the south the fault eurves sharply
and trends more neerly south. To the south the Bl Rito
Pau lt 1s falrly compllicsted, srd comprises a fault‘ zone
with meany subsidiary Mrectures. Here 1t separates

the pre~Cambrien rocks on the esst side Irom the Santa
Fe formation on the west. To the north one branch

lies entirely within the erystelline rocks, separating
two sreas of oppositely dipping strste. Farther to the
east 1t 1s oo vered by terrace depesiits and Abiwiu turlfl,
which 1t spparently bas not displsced. The northemmost

branch, on the other hand, bws displaced the Sants Fe

f:,i.

Tormetlon, separating the Lanta Fe gravels Trom the Abiguiu

wulf, ut 4t has not disturbed the lerrace gravels

o

whieh cover 1t in places. Fauliting, they, has occurred
along the melin part of the fault ad the northsrn
vranch in posi-Smta Fe-pre-Terrace Lime, or somewhere

in lste Plioccene or early Pleistocens time. Hvident-

o

§ wi

1y boih brenches Join, cr al least interseet
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The Plouris basalis cornsist of & series of @yiﬁ@i@
and plagloclase amphi bol&dﬁ% an<d feldspathic h@fﬂ@l@ﬁ&é
sehiists, which represent hﬁ&al@% and endosites in various

stages of wetamorphlsm.
Plagloclage apphibolite

The plagloclase ampnibolites constitute the largest
portlon of the Pleuris basalts, These amphibolites are
gomposed, on the average, of 850 percent hormblends,
with vearying amounts of gencrally subordinsts gquerts
ant! moderately calele plagloclese. Epidote gorurs in
minor anounts, and blo tiz@, ¥hich 1, in the main,
absent, in places constitutes 28 wuch ss 20
of the anphibolite. Megretite is the dominani se
cessory mineral, but apellite and sphene, vhich nernally
oceur only In trsces, sare lezs commonly present in
mounts of 1 and 2 perecent., Hrivothermal minerals such
a8 sericite arnd chlorite are found in treces, and
exceptionally the plagloclese component of the arphi-

bolite may be lurgely converted to sericlite, Some

caleite has been imiﬁo4u£@d into the rocks along
fraclures, In many Inslsnces, snd is firely disseminaied.

& rule, as medium-gra

and regged, prismatic Ihese are set, for
the most part, in an cpparently unorgsnized or feliy

faghion in & nuch finer gralned, greroblestic grounde
s &
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less hornblende and nore plegloclese;

the dominant comsiituen

e
gl e

4] ) XN, “ft.@ﬁwm e Porme

ia

te Otherwise their composition

very similar to that of ihe smphibolites me epidots
Is more or less ¢ mejor component, Cepending on the degree
of fﬁ,@t morphism, &< & coralderable arount of bloiite

iz present in sorme instonces. MHinor amounts of the
accessar

the Teldspethilc hornblsnda sehiets corntains, in
sddition; a small gercentage of rieroeline snd t «we«m of

glreon end olivins. &
sition of tie Pleouwrias b

In the finer gralned

)

of wmhlends forng smel

gt
one to two milimeters 1
granoblastic proundmasn

in bhe coarser focles

lathe orlented haphas

trated in vague alitern
lonser dimenaion of the
the component crystals

ook, snd they econbtaln,

Dther, coore

£ 5
£ 8

vitlieg.
hornblende ave

£

Rarly forred

& .
Arain

apeatte red

comprrigon of the compo-

B8

Plate IV,

,h
.‘.1{:}

homblends sdhints bulk
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iy 4 5T pe B 1 4
LAk [N i &k i 5;:95 P LAYy
by lerger reagged

resetie parallel o the banding:
are generaelly hipghly polkiloblasiico,
other conatd twente of the
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Genersally ithey are fine greired bul inequigranular,

and sverage about 0,05 milimeter in grein size. The
epldote 1s anhedrsl and squidimensional, ﬁﬁﬁ ceeurs
rostly in very fine grainé, but in some instences &s
slightly poikiloblastic metacrysts 0.2 and 0.3 milimeter
in maxlnum dlmension. Eh#‘p&le setinolitic hormmblende,
on. the other hand, displsys a complete gradation of

gize of the slender prismatic grains from very minute
crystals o lengtines of 0.5 milimeter. Anhedrel quariz
and oligoclase consiltute & line-grained groundmass

for the ferromagresisn ninerals, and coarser, snhedral
grains of sphene, commonly with s nucleus of magnetlite,
are seattered throughout the rock.

Stracturally, the epidote-amphiblites are nearly

massive, as the horoblende lathe have & »light preferential
orientation which is visible only in the hand specimen.

Metanorphism of the Plcuris basslts
- o - zg o

Original constitution of the basic metemorphic rocks
owing to the basic composition of the epldote end
plagioclase amphibolites, rare types of marly and
ferromagnesian sedimentary rocks and basic igneocus and
pyroclastic roeks ere ithe only itrypes that eould ll.&é.%r@
glven rlse to these metwsorphic roeks, Both the far
greater preponderance of igﬁ@aua rocks and the preser-
vation ¢f such indicative structures es emygdules

{(Figure 1) point to the fact that these smphibolites
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Flgure 1. 31 mpget quarty anygdule In a plagloclas

amphibelite. (plain 13ight, Z42)

Pigure 2. Tpidote smphibolite with fine grained
epidote and slerder needles of sctinolitic
torrblende. Hote the sphene with megretite

{lower genter)., (plein Llizht, X054

B
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Plguare 3. Intermedlate metemorphic stage of ¢

plagioclase anphiboloites with both coerse

and Tine geeired howmnblende and seatiered

1 of biotite. (plsin 1light, X54)

Figure 4. Poiklloblastic, prismatic meleerygts of
nornblerde in s high retamorphic grade of
plagicclese ampnibolites. Note #lso the
tabular pseudomorphs of magretite aflter
biotite and the magretite appmored with

spheéne. {plaln light, X54;
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neerly or completely repleced by eplidole.

epidote i recrystallized into

g‘x a“
and the plagioclase is largsly converted to sericlie.
Finelly, eny biotite present ig chloritized. Possibly

gome chloritization 44

in the hornblends, or

the homblends is bleached, s latber effeet 18

very Likely a surface weal

Saguence of metamorphism in the feldspathle hormblende
schis te

S

Despite the difference of compesition between the

gmphibolites and the hornblends sehiste, the metamorphism

of both types nas followed nearly identical lines of

%,

textural
stage of Lhe
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i1 in stringers f fine enhedral grains rerking the trace
or original bedding, ard th@ sphene 1s subhedral,

In the highest stages of metemorphism observed in
the hornblende schiasts, the hornblende iarmuﬁh CoB Yser,
a% large &5 & and ¢ milimeters in grein size, end more
poikiloblastic, ragged, and arhedral. The plagloclase
:13 gt11l more clacic aﬁﬁ is 1n the labradorite rerge.

*@&a aceasaérias have been mesti? recryatallized;
.mﬁ&netit& forms euhedral prisms and spstite 18 much
eoarser. A trace of bilotite remeins, but eny schistosity
thﬁb,may heve been present has been more or less com-
pletely dostroyed.

Retrogressive effects in the hornblende schists
are identical to those in the emphlbolites, Hornblende
~§a attacked first by plagloclase and then by eyiﬁ@te, end
in some places 1s almoet completely replaced pseudo-
morphously by coarse-grained epidote. Plagloclase is
broken down Into sericite snd epldote, end the traces
’af bilotite are mostly chloritized,

Hopewell $ehists

The metasedimentary rocks of the Hopewell series
fom & group of rather fine-grained schists, rarging from
low-rank metamarphic types of quartz-muscovite sehists
to high-renk types exemplified by knotty slllimanlte
schists.
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e

about 0.2 wilimelers grein slze, and more or less
eulpgranular, §§ﬁfﬁ&a others sre gsomewhal coarser

and seriste or sliphtly povphyroblastic. In all

cages the quaritz snd feldspsrs, excluding micrecline,
form s fine prancoblastic groundrass, and, in the in-

sgulgranular types, some ol the gquariz forms corsger

sralns or the microoline or plagiocléss forme anhedral,
irregular, snd highly poikiloblesiic metacrysts. With
the excevtion of one bedof quepritz-feldgpepr-mics sgchiat

o

thet oceurs next to an intrusion of rhvelite, and vhich

iz belleved to have been somewhat feldspathized by the

rzt

PR

o

=

intrusive materlial, the microcline, vhere ent, is

&7}:5

coarser than the groundmass, highly polkiloblagilc, and
accompan led by small mymekitlce Intergorwihs of quearts
and feldspar. Some of the plagioclase; in & few in-
gtances, shows the asmme polkileoblastic development.

A3 & rule the micss sre somevhal coerser than ths
spoundmass and platy, showing & well developed schls

tiosltys Hagretite ls fine grained snd eguidimensional,

o

in some places enhedrsel snd in other instances falrly

well rec v ballized., Similarly, spetite is

&

end penerally subhedral and egquant. Gerret,

voregs B gy b
i Bent

oy e S 5 o LR EA e
» variation algo, Apsrt from the




.

gsenistoslity of the micas some of the achiglie are og-
gentially homogeneous, showlng no tendenty towsrd 2
layering of the constifuents. On the other hend, other

",

quartz»f@lﬁﬁp&rdmiﬁ& sehlste heve & well developed
textural and compositional banding or layering. Genersle
iy mice-megnetite-gernet rich bends alternate with
coarse guartz bends DW~:¢me quertz-feldspar bends,
The widih of zum berding 1z, Jor the most part, several
times the diamster of the average grein, Thig together
witn the stringer-trpe distribution of ithe regnetite
strongly suggests that the banding represents palimpsel
bedding and not gnelssic ssgregation. Sueh an interpre-
tatlon seems especlally likmly since the banding occurs,
ag will be shown later, moslt prominently in the lower
grade metemorphie reck iypes., However, In all cases,

oy

ne schistoslity is essentlally perallel with the banding.
"wnoten schist?

The cosrser schists display & much grestey wariety
of compesition then do any of the other well defined
groups of rocks in Hopewsll series. fThis is probably
dus both to differences in original composition belween
the members of this group sd to ¢ifferences in degree
and type of metsmorphism, vhich, in this area seew to
be highly dependent on the original constitution of the
rockss A1l of ths cosrser schists are prouped together

28 "imoten schist” beecsuse they possess certaln textural



and gtructural features in common, and because they grade
into one snother. Tn all the "ynoten %mhiatﬁw quertsz
i3 the dominant constituent, and & certain smount of
plagloclase is present., Orthoclase mey or may not be
@r@%&%t. Blotite 18 & distinctive but minor Gémyeﬁéni,
and in plaﬂas muse@?i£& constitutes as much as 25
percent of the rock. Magnetite and apstite are present
in amounts similar to those in all the other schists,
but sphene ls consplouously absent. Traces of zircon.
and tourmaline wepe also observed in some facles, MNost
charecteristic of the ”kn@t&n” gohiste, however, are the
coarse metacrysts of such typlesl metamorphic minerals
ag garmet, kﬁ&ﬂit@; gillimenite, and rarely staurclite.
S§1llimenlite in some places constltutes ag much as 25
percent of the roeck. late-forming minerals and weathering
products, such ag chlorite and kaolin, arve also present
in tyraces. A comparisen of the detalls of composition
of a1l of the metasedimenteary types is glven in Plate V,
The "knoten schists" dlsplay so much varistion in
texture that it 1g difficult, 1f not lmpossible, to make
& true gemerelized stetement sbout the texture of the
group lsken ae & whole. Quartz, in sll instences is
anhedral, in some places forming & rather fine pgrained
gramehlaatic groundmass with ortheclese or some of the

plagicelese, and in other cases is merely interstltial
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hetwean folia of mics kroteg of $1llimeniie. The

o

‘ oy - . i iy e b g A e e N Fr G e
&mm’m ags of all the notern sehisgts iz Coarger Lhan

thet of the other LArY rocis,

abigut 0,8 milimeter in

knoten sehlsta, in meany instencss, lorms mebacryetis
1 ote 2 milimeters In Jdlameter. Thesze are erhedral end
exiremely poikileblastic, and the ineclusions, chilelly

&

mica and guartz, In places, are well priented. The

micas are coprser Lhan proundress, platy, and highly

schistore, but the plenes of schilstoslty are

i

LI A

%

i

3,

instences crenvlated In one centimeler waves oy wWrap
sround the dense metacryets end krots of the cocarser
constltuents, In places Coserge muscevite itsell may
form some of the knots arocund which the folla wrap.
Megnetite is genevally cosrser thepn the groundmess,

suhedral, and eguant, srd spetite and toumalline are

usually five greined, euhedral, and eguant or slightly

prismatic.

ki

The wminerals of the "kroten” are of special ine

terest, perbicularly becsuse they are all indicators of
the nigher gradees of metarorphlsm. Garnet 1s commonly

3

found in the "knoten schists™, but not usually in such
coarse grains e Lo glve a knotly sppesrance tWw ihe

rockza. Kyaniie occurs in very coarse,

]

ieh mark & vepry distinet fac

e
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detamorphnlar of the Hopewell schigis

betw

ARe » but thvough the
s oxiiey i g - o " b .
e whole & certeln sequence of metamorphism 19

7

ede metanorohlc

sehlate cecuy in the geme

oyl B o b e g 2
rpnle types like the

it %f8 probable thel some

e B b | — § it
DilLty, have pl & lapge

ez &£, kS - oY TR po sy 6F
part in determining the grede of metemorphisy developed.

ﬂ%"ig‘}s S if’ ﬁf* 3(’,”? Y’i e ‘a:f)';f C.},'.me tﬁ

3

s » T
G ALEH I LG

area lg represented oy b Z e agoviie

o B Fee g e R 3% g
schilgts. These, &g ean be L & bt

,_«
9
8%
e
L&

composition must ha

Guartz end tourmaline

completely recrystallized, and
someé of the original argillacecus component has bosp

5

converted to & celele oligoclase or godlc

The lime content of the plagloelsse poss:

i F =3 A T . N oy 55,
fyom & brace of celearsous meteriasl in the criginal

SZome chioriite

{(Pilgure 2} bub mosl

been silty or ergillececus szndstones.



Pigure 9. Chloritic %aartzqmnae@vi%alﬁﬁ%iaﬁ with the
typieal graing of chlorite in which the
cleavage 18 perpendicular to the aehi&teﬁity
end the long ﬁimﬁn@ianﬁ‘mf’ﬁma grains ere
perallel to the schistosity. Note also tmé
fine euherong of magnetite. {(crossed niecols,

x54)

Figure 10. £ porilon of an suge with the muscovite folis
wrapping around 1t in & Quartz-suscovite schist.

{eroszsed nicols, X54)
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fine grained mpagpnetite 12 present. Behistesity of the

In & somewhel ﬁig&@? Btage more of the muscovite has
been converted to blotite, and the magnetite is much
cospger and subbedral. Poitssh hes besrn introduced 4o
form coarse microcline, snd, in this instence, mrne of
the andesine seemsg to lmve been hydrothemally enriched
als#o. The roeck hes & prominent fisellity due to a higher
percentage of very schistose mica, and & faint suggestion

of bedding 18 8111l pregent

Sfii

& guapris~Teldsper-nice schist of & sesmingly 8411l
higher metamorphice grede contains polkioblestle mete~
cryets of both andesine end orthoclese. 7The orthoclsse
has probadbly recryetallized from previeusly formed mels-

erysts of microeline. Blolile and mustovite are present

in eguel guanititlies, bul there is very 1ittle magnetiie,
so thet further conversion of muscovite to blotite hes

probebly besn prevented by the lack of iren. Vhat me

netite 1g present is euhedral, Bome of the cuaris
geems Lo have become Comryser by reerystellization, snd
there l2 & suggestion of the beginning of gnelssie

banding. Sehlstosity ls well developed in the mices,

-

&

In view of 1is geneprsl texiturs, the guartz-feldspars
mice schist adjacent to the lerge vhyolite intrusion

r lies somewhere in this range of metemorphic
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fine grained as the groundmess. Traces of hﬁﬁ%ﬁiﬂg,
even in this stage, are perfectly preserved, cutlined
by guartzose layers mmmmxn@; with feldspathic mﬁ
mica-garnet-magnetite layers. It 18 noteworthy that with
adven cing metanorphlism muscovite has considerabls stabil-
ity, even in the presence cf a large excess of magnetite.
- Although there sppears to be & continuous grsdation
betwean "knoten” schists and the finer quarts-feldspar-
mica MM%%, voth in spatisl relstionship sand in rook
type, the finer "imoten schista™ (Pigure 13) seem to mark
e distinet a@m% in metaporphism. They still belong
in the garnet stages, but the gamels have betome much
hout the rocks as fine

moYye numerous, seatiered througl
to medium, Wh@mﬁm}.; @m&m, poikiloblastic grains.,
Magnetivte is present as mma.m grained equent euliedrons.
Metacrysts of andesine two to three milimeters in dismeter
are snhedral and poliloblestic, snd their inclusions in
dhiatority. BEven

the finer-grained "knoten sehists" are, es & whols,

meny places show a well developed

mach cosrser then the @uwtwi‘axﬁwarwmim wmaw, and
wﬁmg@ sltout & milimeter in grein size. The fam@mi
structures are comple tely obliterated. Sehistosity is
very pronounced, particularly becsuse of the high pro-
portion of muscovite { abmm 25 percent}, snd the ﬁimw

of schistoslty sare crenulated in waves about & centimeter
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Pigure 13, Fine grained "knoten senls

ohlaestie parnets, equant

netite end strongly schis

{crossed nlcole; Xb4)
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Pigure 15. "Knoten schist” with extremely ragged meta-
eryst of kyanite ssspelated with fairly

comrse muscovite, (plain light, X54)

Figure 18. "Enoten schist” with bo th minute end well
developed radiel clusters of sillimsnite..
Hote alse the garnet and coarse bioilte.

{plain light, X4R)
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CONCLUSICHE AND GREOLOGIC HISTORY

Pormetion and metamorphism of the Hopewell series

Conditions of deposition of the Hopewell sediments

As the Hopewell series has undergone a more or less
high degree of metemorphlsm, £ll informetion sbout the
original constitution ol these rocks must necessarily
be inferential. However, the composition of the schists
glves certaln ¢lues Lo some of the original lithologic
charscters, and, in the instance of the low metsmorphic
grade muscovite schist, the small augen furnish further
evidence ¢onceming the originel texture of that rock,

The high content of quartz In the quartz-muscovite
sehists indicastes falrly cleerly thet they represent
metamorphosed saendstones, ard the augen structures
demonstrate that at lesst some of these sandatones
wore falirly coarse grained. Purthemmore, the chlorite
and musctovite present suggest that ihese sandstiones
ware more opr less impure or argillaceocus, although a
certain percentage of the mice may be attributable to
the introduction of mica forming materisls, prineipally
potash and water, by melasomatic processes.

The guariz-feldspar-mice sehists were undoubtably
of & more arglillaceous composition te beglin with than

were the guartz-muscovite schists, although, here again,



é:"}”:kdm

mebasomatic processes have possibly introduced more

£,

potash and soda than was oripgloally present in the

rogks. The natural corcllery of more eprglllscesus

composition is finer graln size, and therefore i1 seems
mont Likely thet the quartz-feldspar-mice schizts were
g1 ltstones, some Ffacles with more quertz, perhaps more

andy, 20 others probably even gralined. As the higher

o

vade metamorphic types, bthe "knoten schlsts”, contsain

)

s somevhat higher percentsge of guartz then do the
guartz-feldspar-mica sohisis they probably represent
coarsey silistones or very Uine arglllececus ssndsiones.
These sediments, as hasg been shown, were interbeddsd
with flowa of basalt end tuff beds, the pyroclestie
materisals of the tufl being lntemixed in some plavces
with & cerbtein swmount of normel sedimenteary meterial.
Tater the strete wepre intruded by 8ill-like bodies
of rhyolite. The wmetarhyolites, vihich wepresent a
geparate unlt in the time seGuence of the pre-Canbrien
history of the ares, should remain wnéer a separate
claggification a8 the Valleclitos rhyolites.
However, the metabasalis since they are inter-
giratified wlth the netssedimentary rocks would be
more properly referred Lo the perticulay wetesedimentary

gseries with which they ere corrvelstive. Thus, the

t"‘

metabasality should be called the Picurlis bhasalt phase
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kyenite-a

Lo & b 5 & o

TEANE BOMe

Ve preatest Indersity of retarorphism, This

grade of metemerphlsm

thﬁ.w@%ymmryhég procesases

Therefores, varietien of petamorphie
effect observed is roughly controlled by the bedding.
The meximum depgree of retamorphism imposaed upon the
rocks 18 indlcated by the "wnoten sehists”, which, by

.

the roning sctheme, car be refemred Lo the s1l1lim

fam vese rnot 8o intense

s " o
or to develop sny

pimposed upon the effects

bination of thermal snd &ynamic metamorphism may be

aggen the falply well defined effects of metasomatism

arael action., It 1s extremely improbable

the original sediments should contaln

the learge amount of potash which meny of the veta=

i

15

PN E e P T
oageps.  Potash is a very soluble

2

tuent of rocks and is neurly slweys carried off
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intrusion. Also, additional deposition of rock burying
the Hopewell series deeply. ”

3) Pransformation éf t&@ Hopewell series snd
Vallsoitos rayelites, Invwolving dynamic, thermeal, and
me tasomatic metamorphisme. |

4) Intrusion of pegmatites, snd perhaps hypersthene
gabbiro, later in pre-Cambrian time.

B) & great unrecordsd period ineluding the Paleozoic
and Mesorolec eras, represented by the angular uncon-
formity between ithe ??ﬁ*@ambﬂi&ﬁ and Tertiary rocks,

6) Displacement aleng the Callente, Bl Rito, end
gome minor faulite in pre-gl Hito time. |

7) Deposition of the El Rito (7) conglomerste in
the saprly Tertiary.

8) Dbeposition of the Calienie conglomerate, probably
later in the searly Tertlary.

9) Erosion before deposliion of late Tertisry beds.

10) ﬂ@@oaitimn of the abiguiu taff and concomitent
gxtrusion of basalis during the upper Kiccene.

11} Deposition of the Jante Fe formation lasting
probably until the jiddle Pliocens.

L2} Displeacement along the El Rito and some minor
faults in late Pliocene or early Pleisiocens time.

13} Formatilon of the Owl CLirf tufe and the
terrace deposiis during the Plliestocene, the depesition

of wfe conlinuing on Lo the present.



14 ) Coontinued ercsion, developing the lardscape
to bhe maturs stage at the present time, and the form=.

ation of recent alluvium.



