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AGE OF CATCCTIN VOLCANIC ROCKS IN VIRGINIA

A. S. Furcron

Abstract. This article discusses the Catoctin volcanic
seriesrin northern and central Virginia and its relation to
associated rocks., OQOutcrops of these volcanlcs diverge near the
Maryiand=Virginia line to form two belts which extend as far as
central Virginia. These belts occupy the eastern and western
flanks of the Blue Ridge Province. Granites and granite gneisses
compose the central part of the Blue Ridge Province. Granodlorite
and granites underlie the western Catoctin belt, and metasediments
general!ly underiie the Catoctin of the eastern or Bull Run -

South Mountain belt. A normal tault delimits the eastern side of
the Blue Ridge Province, and east ot this fault the Catoctin and
associated rocks are dropped down, and locally covered by Triassic
sediments. Outliers in the Blue Ridge Province of Lower Cambrian
sediments (Unicoi and Loudoun formations) unconformably overlie
granodiorite, granites, Catoctin intrusions and Catoctin volcanics.

Evidence for the intrusion ot granodiorite and granite
into Catoctin of the Blue Ridge belt is as tollows: Llocalities
are known where definite intrusions may be seen in the Catoctin,
This type ot penetrating intrusion is not common; also locally,
these intrusions are altered to unakite. Locallties occur where
tragments ot Catoctin are tound in the granodiorite. |t the
Catoctin flows were poured out over the weathered surface ot the

intrusions, as some believe, ftragments of granodiorite and grenite



should occur in the lower part of the flows, but no such
GeﬁéiFgﬁrﬁﬁs-béén reported. The surtface underneath the
Catoctin is exceedingly irregular and bosses of granite and
granodiorite cro; out through the Catoctin In many places.
The intrusive rocks are finergrained and saussuritized locally
near the Catoctin contact. Geologic mapping carried out on a
regional scale indicates a close relation between the occurrence
of unaklte and associated types of alteration, and the contact
ot the intrusives with the Catoctin., The primary copper ores
which occur In Cafocfin are closely reiafed to the intrusions.
Evidence as stated above remained unchalienged and
was accepted until jonas and Stose (1939, pp. 575-593) reported
the occurrence of arkose and tuff (Swift Run formation) between
the Catoctin and granodiorite at Switt Run Gap in Greene County.
Later, §. O. Bloomer and R. E. Bloomer (1947, pp. 94-106)
reported a similar formation (Cronccol frbm;fhe Buena Vista
quadrangle, eoncluding that,Catoctin thus belongs to the lower
part of the Unicoi formation and is Lower Cambrian in age. |t
is the contention of this writer that both”Swiff Run™ ftormation
andﬁﬁOronoco" tormation are actually outliers ot the Unicoi
which contain, locally, a basal Cambrian flow and also tuffaceous
material (Lower Cambrtan tuff, Catoctin and granite wasfc}!_
These outliers occur over the Catoctin and the intrusions and at
their contacts, but thus far, where direct contacts can be secen,
no sediments have been observed between the Catoctin and the
intrusions., P
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In the eastern Catoctin belt, flows are underlaid by



the Favquier formation in northern Virginia and Lynchburg gneiss
in central Virginia. They are a6€€++&+dnby 4 pure, fine-grained
whife.saccharoidal quartzite and mica schist in the Bull Run
Mountain district, and locally contain beds of this quartzite,
The Catoctin and its overlying metasediments are faulted down
east ot the Catoctin Mountain border fault, and exposed in a
large anticline along James River in central Virginia where they
have been described bg_FQ;cron 11935).,

Dikes of Catoctin age cut the Lynchburg gneiss and
Fauquier formation. Jones and Stose (1939, p.5%90}) andﬂéloomers
(1947, p.100} refer to certain pyroxene diabase dikes In the
Blue Ridge belt,which cut the granodiorite and granite, as dikes
of Catoctin age. There is evidence to indicate that these
slightly altered dikes are in no way related to the Catoctin
volcanics.

‘Jonas and Stose {1939, p.575) and the Bloomers
(1947, p.i06) have correlated these unmetamorphosed arkoses
{Switt Run and Oronoco formations, respectivelyl with the highiy
metamorphosed Lynchburg gneiss. However, mapping shows that

they are eguivalent to Unicol and Loudoun, which formations are

> known to be uncontormable over Lynchburg gneiss, the Fauquler

tormation and the Catoctin.

Three geologic maps of different sections of the
Shendndoah National Park area covering 200 square miles are
submitted. These illustratée the distribution of the Catoctin
volcanic rocks and their relation to Intrusives and to Lower

Cambrian sediments.
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AGE OF CATCCTIN VOLCANIC RCCKS IN VIRGINIA

A. S, Furcron

INTRODUCT I ON

The Cafocffnnéérles ot Virginia has been described by
many writers in numerous articles; Efs distributionvis well shown
on fheiézological map of Virginia, 1928, Thus, in this paper, i=s I

i

ngroIOQV,.disfribquOn and description ofﬁasgocfafzd rocks wild
bé;éd% }é a~minimuym. There is, however, considerable disagreement o=
vpon the geoclogic age of the Cafocfinfgﬁd its relation to associated
sediments, volcanics and underlying }nfrusiges. Several writers

have exprzssed dlsagreemenf with fhe views expressed in a preliminary
paper by 5#¥G+ﬁﬂ"whlch deals w:fh these +op|c51 Thus, the writer
destres in thls article to express his point of view upon these
probtéms and to answer certain criticisms by others regarding his
conclusions. igc;u;+¢@r has had no chance to review the problem in
the tield since 1937, bv+ prué? to that time he hsa sfudsed the

rocks of bo+hACafocfin belts, and this paper 1Is based uponﬁdzfallzd
mapping ot the Warrenton guadrangle, and between Charlottesville

and Lynchburg in central Virginia in the Bull Run - South Mountaln
belt, and of the wesfefn Blue Ridge belt between Front Royal and
Crozet, andx1he Natural Bridge Special quadrangle.

All who have studied the problem agree that grenodiorite
and granite [injec+ion.gnciss of some writers) are pre—Cambriaqéuagd
are- unconformabie under, the Lower Cambrign‘arkoses and quarfzifcs_
which are usually referred to in this district gs;Unicoi formation.
Cpinifon 1s divided, howeverf vpon the rclafionég¥ granodiorite and

granite to the Cafocfing'and this rqlaf[qnshIP is all important in

the determination of ¥#s age. Keith, Weed, Wafson, Cline, Phaten,
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Fug:roﬂ, Cloos arrd Hietanen, have writien fhaf fhe underlvsng

and Mr. and Mrs. George W, Stose,

A

1nfrus:ves |nfrude the Cafocfin

1}2

the Bioomers and Klné, fhaf the Cafocfnn is younger and unconformabla
upon the underlying Infru51ves Isee refcrences).

All wrnfcrs b%iiax# that fhe Cafocfln volcan|Cf are pre-
Cambrlan excepf the Bloomers {1947), who ascribe a Lower Cambrlan
age to Lhzm. 7The Bloomers draw their conclusions fromla sma!l area
in Amherst Counfy at the southern end of the Blue Ridge belt (Buena

Vista quadrangle). Since thelr conclusions are drawn tor the entire

iCdfOCflﬂ»ﬁFé?iﬁé@, andwbgeéa%1=fhey have espectally attacked a

preliminary paper by this writer (1934}, and in the bellief of this
writer that they have contfused the issves, parficular affznfion will

be given here to their paper. Unfortunately, they do nof cite &

— .A‘I -I'-lr.L— prgrits
definite localities or sections in their arficle, which is—ditticutt
| % M = £
to téllow and infcrprefAeven by geologists who are ftamiliar with the
Catoctin problem. Their conclusions, drawn from the Buena Vista area,

do not agree with observations made by this writer, and by many others

tor other secfions of the Catoctin belt.

ROCKS AND STRUCTURE OF THE NORTHERN BLUE RIDGE PROVINCE

The Blue Ridge Province of northern Virginla, lnof Blue

,.,. bt bl i

Ridge) may be llkened to an anfucl:norlum. The rocks for mosf part
¢ igneous, and ;:;f:;ficllnoral Ghé%ﬁCfe¥ must be lnferred in
considerable part from their mutval relationships. Also this province
is structurally set off from other crystalline rocks by a normal tault
on the east to which Mrs. Georgé W. Stose has applied the term
Catoctin Mountain Border faulf. On the west side ;;k(;“;e;a;gfed

from Paleozoic rocks of the Great Valley by a sharp topographic break,

and locally by a great overthrust fault.

The central part of this anticlinorium consists of granite
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gneiss, granodiorife and granite (lLovingston gneiss, hypersthene
granodiorite and Marshal!l granite complex —A$$&¥e~g@oLaglc map,
1928). Thetyptical granite associated with apd infrudingggranodiorife
In fhe wesfern Catoctin or Blue Ridge belt EQ named, Old Rag granite
by Furcron £I934) from Old Rag Mountaln in Madison County. On each
H il -
side of the central core, wi-hdue Catoctin greensfone volcanicy whﬂth
overltie the intrusives, buf which are wornaway throughout the
cén+ra| portion of the sfrucfure:.AUAc;n+orméb;§lupon the Catoctin
andAinfrusives if%.arkoses, quartzite and slates of Lower Cambrian
age. These rocks may be studied on the cast side ot the Great Valley
Province where they grade uvpward into fossiliferous Lower Cambrian
beds; also, arms ot Lower Cambrian,extend out to form connected
tongues and isolated gufllers over the crystalllines, and many of
these have been mappediall over the Blue Ridge range. These rocks,
known to somg writers as Chllhowee rocks, are usually reterred to
}n-fhls district as;UnicoL. THese?basaI arkosic sediments, including
the Blue Ridge oufliers,”;onfain volcanic material.
The Bloomers ;th& (1947, page 96} that the Unicol
or afuon does not rest upon Cafoc+|n |n.cenfral Virginia, However,

Un- FET) L 'f\i' -:[“_""_-’< =f‘ _?“H":__
Unlcol resfs vpon, Catoctin localiy throughout the entire extent of

- 9
thi;:wesfern Cafoc+in.belf.

Basal Cambrian sediments tie—ower all of the crystalline
rocks,and east of the Blue Ridge mamge are usuvally reterred to as
the Loudoun tormation. This term was given by Keith (|894, Harpers
Ferry Folio} foi:#e¥z.$rkoses, sandstones and slates in Loudoun
County, Virginia. Keith included in the formation some rocks of
pre~Catoctin age, as was first pointed out by_Mi§s’A; 1. Jonas. The

pre-Cambrian Fauquier formation wa;fmiﬁingLﬂded by Keith with the

loudoun. Thees Loudoun slates, arkoses and conglomerates occur as
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tar south as the vicinity of Lynchburg (Stete-geotogie-map, 1928),
and as far east fon—the—sirveture as the Catoctin Mountain Border

favlt, where theyloverlie unconformably.Cafocfin tlows and iIntrusives,

and sub-Catoctin metasediments (Furcron, 1939, Plate I}. No volcanicg!

have been noted in the Loudoun formation, although it is believed to

be merely the eastward extensfon of,Unlcoi.

CONCLUSIONS OF OTHER WORKERS

The question of igneous sequence in the Blue Ridge of
northern Virginia was raised by Keith (1892, pp. 366-368). He
recognized epidotic diabase, granite and quartz~-porphyry in this
region. He states {1892, p. 366]), "So tar as known to the writer,
the granite and quartz-porphyry do not come in contact. Between the
granite and diabase, contacts are common. The granite occurs in the
form of {arge masses and eruptive tongues in the diabase,and abundant
evidence of its eruptive nature can be found in its irregular
boundartes, offshooting tongues, and included fragments of diabase.”

These volcanics are generally referred to by Keith in later

publications as "Catoctin schist." Keith finally divided the period

of Catoctin extrusion into two parts, so that granite intrudes lower
volcanics but an upper diabase eruption came atter the period of
granite intrusion (1894, P. 318, 394},
In discussing rocks of the Blue‘Ridge near Harpers Ferry,

(1894, P. 21, he states that Catoctin schist is Intruded by granite
and that this fact is made plain at contacts between the two "in

the alteration of the schist next to the granite, in the smaller
crystals ot the granite, due to cooling, and in the fragments of

schist included in the granite."

In 1906, Weed and Watson studied the relationship of

d
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underlying intrusives to Catoctin greenstone along the western side
ot the Blue Ridge in the Luray region {(pp. 318~319). "The relations
between the syenite and basalt observed on Stomy Man Mountain clearly
indicate the later age of the first named rock. At most places the
syenite is massive and topographically below the basalt.”

Phalen wrote in 1906 (P, 140), "The chiet mass of the basalt,
or melaphyre, or greenstone, as it has been varlously termed, is dense
and dark green, except where thoroughly epidotized, when it assumes a
lighter green hue., [Its original constituents are not determinable
without microscopic aid, save perhaps an occasional phenocryst of
olivine. From the facts that bosses of syenite are seen In it in
the region near Fisher's Gap and that it has been subjected to an
intense mefamorpﬁism along its contact with the syenite on the west
slope of the ridge and wherever the two rocks are contiguous, it is
Interred that the syenite is the younger ot the two rocks. This
interence is strengthened by the; perfectly fresh, holocrystailine
character of the syenite at the immzdiafclconfacf and by the lack of
weathered fragments or bowlders of the syenite In the basalt., This
contact metamorphism has resulted in a more or less schistose rock,
quite difterent from that ot the main mass which, In this particular
district, is not regionally schistose.,"

The intrusion of granodiorifé and granite into Catoctin
greenstone has been reported also in other articles by Phalen {1904,
pp. 306-316) and Watson and Cline (1916, pp. 193-234), Cloos and
Hietanen write (1941, pp. 81, 192) that volcanics in South Mountain,
Maryland, contain sill-like intrusions of granodiorite, and that

toljation in the granodiorite parallels contact with volcanics.,
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INTRUSTCON OF GRANODIORITE AND GRANITE INTO CATCCTIN

The Bloomers write (1947, p. 102}, "Furcron agrees with
Keith with regard to the pregranitic complex age ot the Catoctin,
He reached this conclusion because of an intrusion of !pegmatite?

" They are actually referring to a quotation -

in the Catoctin . . .
cited by #ertlxm (1939, ps 31 with which he’dld nof agree. The
granodiorite and granite of the Blue Ridge range are notable for the
absence of true pegmatites,

Direct evidence for iIntrusion of granodiorite and granite
into Catoctin greenstone may be;dis;ov;}eg 5; cpatient work. On the
west side of Rocky Branch near Hall School on the Stony Man |
quadrangle, granodiorite Intrudes greenstone. At Compton Gap on the
Skyline Drive, southwest of Front Royal, the writer discovered many
inclusions of greenstone ftragments in granite and granodiorite on the
freshly-cleared righf—of—way;for the Parkway, Here small greenstone

balidlgn

incluslons of fist and bowlder size were found in granite. Several

thin sections of these greenstone inclusions in granife ot this

= L

locality were examined. These sections ;ré fré;her-énd"less altered
than the normal greenstone. They are of very fine-grained diabase
and prophyry which one wouid expect to tind in a thick basalt flow,
Stringers of red epidote-bearing granite were found cutting the
greenstone on & side road near the old home siite below the gap on
the west side.

Fine-grained pink and greenlish granite with scattered
epidote gralns intrudes Catoctin greenstone at the northwest end of
Cave Mountaon on the Natural Bridge Special quadrangle, south of the
Park areca. At this locality an opening was made in greenstone and
granite, The excavation is near the main road and on the north bank

of Back Run. The stringers and narrow dikes of granite, accompanied
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by pyritization, occur in massive greenstone, The granite tends to
assimiliate greenstone in such @ manner as to p}oduce a dark, greenish
granitic rock with red teldspar whichis cleaf}y of an hybrid character.
All types from dark greenstone, through hybrid rock, to fine-gralned
pink granite occur heres This is a typical granodiorite-granite
district.

The Bloomers (1937, p, 10!} write that veins and masses of
quartz, orthocliase and epidofeﬂéfelogsérved in the Catoctin formation.
"Some of these vein-llke masses contalining approximately equal amounts
ot coarse-grained pink feldspar and quartz resemble pegmatite and
granite, |n other words, they are unakite, and are similar to the
underlylng granodiorite which they claim does not intrude the greenstone,

A large inclusion or engulted fragment of greenstone was
noted in the road uvp Yellow Branch, a tributary to Roach River in
Greene County. lInclusions of Catoctin greenstone in granite and
granodiorlte were found on the north wall of Roach River Valley,

northeast of Victory School.

GRANCDIORITE - CATCCTIN CONTACT

Although Catoctin volcanics of the Park area tend to cap
tops of mountains and are underlain by intrusives, t hey do not rest
vpon anything remotely resembling & horizontsl ftloor, as suggested by
the Bloomers. The base of greenstone over granite Is subject to great
varfation in elevation within relatively short distances. For
example, just west of Kinderhook in Greene County, greenstone occurs
at an elevation of 950 teet, but only |4 miles northwest of the
locality the base of greenstone occurs at about 2750 teet. Also,
bosses of granodiorite and granite tend to odcur In greenstone at

localities where we would expect it to be thickest. This condition
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makes estimates ot thickness of greenstone, as quoted by Bloomers,
very hazardous; also, such relafionshibé indicate a later age for
granite.

Granodiorite and granite do not intrude the greenstone In
textbook manner, but boss-like intrusions of various shapes and sizes
are encountered in numerous places. These intrusions In Catoctin may
be found at localities given below, and the writer can supply others:
Old Rag granite on the trail up Dark Hollow, Madison County, 3/4 mile
’due east ot Community School; Old Rag granite altered to unakite in
indian Ruan Valley, Rappahannock County, | 8/10 miles southeast of
Compfon Gap; granodiorite and unakite body a mile long and one-halt
mile wide on west side of Matthews Arm, Page Counhty, at headwaters of
Flint Run south of Bentonville; granodiorite(mass about one-halt
unakite) Warren-Page-Rappahannock County line; granodiorite (unakite)
at the head of Dark Hollow, Jjust east of‘Flshzrs Gap, StonyiMan
guadrangle; granodiorite tlocally unakite} Switt Run Gap; granodiorite
body nearly a mile long on Conway River, Greene County, south of
Shiloh Church; small boss ot Old Rag granite near Flatgut Run,

Greene County, | mile north 45° west ot Victory School on Roach River;
granodiorite and granite, Sugar Hollow above Whitehall, in Albemarle

Countvy.,

ORIGIN OF UNAKITE
A perusal of ﬁ#%ﬁfﬁﬁis geologic-map of the crystalline rocks
of the Shenandoah Mational Park area (unpublished] reveals a striking
correlation between occurrences of unaklite in both granite and
granodiorite, and its proximity to Catoctin greenstone, The tinest
examples of unaklite occur near these contacts. For this feason the

writer believes there is evidence to indicate that unakite was
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produced by hydrothermal changes which took pla

LA i,

ce during the period

ot granite and granodiorite injection, wher?a hot solutions had an

opportunity of mingling with more basic Catoctin mineralss Throughout

the Shenandoeh National Park area, granite and granodiorite near

epidote greenstone contaln epidote. Also, in such occurrences, their

i

teldspars contain sutflicient fterric oxide to become plnkA:fdcally

nearly red. Even where typical unakite is not mapped near contacts,

there is alteration ot granodiorite at suc

h localit

fes to saussurite,

etc., which fades out away ftrom greenstone contacts,

+Ess Jonas 11935, Pe. 53) states that alterations In

granodiorite where unakite occurs "proceed by a strong development

ot myrmekite. . . These changes are accompanied by considerable

sericitization ot the potassium feidspars,

increase

In saussuritization

ot the plaglioclase, and alteration of hypersthene to hornblende,

chlorite, and epidote.” She states further, "Much of the epidote is

Ll

clearly secondary, and has replaced the other constituents. . + the

epidote is largely Introduced, and has replaced other minerals." |t

is believed by the wiiter fhafers; Sfoséjhas described 1n dcfaf! in

this excellent article the later hydrother

mal etfec

ts in granodiorite

and granite, but that where greenstone Is involved, éndkite was

produced; also since myrmekite is typical

of these

intfrusive rocks

generally, unakite can be accounted tor only where these later

hydrothermal solutlions from granodiorite and granite came in contact

with greenstone. |t should be pointed out here that unakitization

affects the granites of the district as extensively as it does

granodiorite (Figure 2}. 1t is +his writer's opinion that the

Air Point granffe { Jonas, 1935, p. 52) is Old Rag granite converted

to unaklte. It is questionable if the large amount ot additional
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calcium necessary to produce normal unaklife couvid be obfained alone
trom granodiorite, and certainly not from granite; also the large

amount of added terric iron came probably trom the greenstone.

CRIGIN OF COBPER DEPGCSITS

Copper ores in Catoctin greenstone have been prospected in
the past rather extensively fthroughout the western belt now included
in the Shenandoah National Park. Weed and Watson ({908, pp. 317-323}
and Phalen (1906, pp. 140-145) were tirst inclined to attribute these
ores to local concentrations from downward circulating meteoric
waters probably because similar views had been expressed In those
days regarding the origin of the Michigan copper deposits,

The deposits are found near the base of the Catoctin
greznsfone; or at intrusive contacts. Ores are principally native
copper and cuprite with small amounts of chalcopyrite and bornite.
The more accessible prospects are at Dark Hollow and Stony Man
(Stony Man quadrangle) where the ore-bear!ﬁg greenstone adjeoins
granite. Phalen states {1906, pp. [42~143) that ascending magmatic
waters may have been responsible for bringing such sulphides as
chalcopyrite into the quartz veins. Watson¥at a later date
suggested that the primary ores probably were deposited by a reaction
between magmatic waters and the terric oxide of the greenstone,

The writer believes that the.composition of the primary ores, and
their relation to the intrusives, indicate thaet Catoctin greenstone
was mineralized by magmaffc waters emanating from the underlying

intrusives,

* Oral communication, 1921,
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SEDIMENTARY RCCKS UNDER CATCCTIN

The protagonists of a Lower Cambrian Catoctin will receive
very |little encouragement from a study of its associated metasediments,
In the western Blue Ridge Catoctin belt, sub-Catoctin sediments have
not been discovered by this writer, but in the eastern Catoctin belt
they occur beneath the flows so extensively that 1t 1s difficult to
relate the Catoctin to intrusive granites which crop out west of the
beft. In northern and central Virginia the Loudoun generally
conceals the contact but not sufficlientiy to disguise the relation
between the Cachfin apd the rocks directly benedth 1t. 1In the
Warrenton area,jﬁ;ﬁenéﬁ (1939, pp. 37-41} has described the Fauquier
formation which crops out on the west side of the Catoctin belt, and
Catoctin may be seen directly overlying if,'all dipping southeastward.
These rocks consist of calcareoss mica schists, marble, graphite
schist, and fine~grained biotite gneiss. |Inasmuch as new rock types
in the Faugquier come in along the strike of the Catoctin-Fauquier
contact southwestward, the Catoctin seems to rest upon an angular
uncontformity,

Mrs. Stose believes that the Fauquier formation is
equivalent to the Lynchburg gnelss, It is in the same structural
bett and it is entirely possible that the two may be correlative.
However, 1f this be the case, the Fauguier formation would appear to
represent a different facies of fhé series, and because it is
directly under Catoctin from northern Virginia as far south as
Charlottesville, it may be over and younger than Lynchburg gneiss.
Dikes of Catoctin cut the Fauquier formation In fhe Warrenton area.
Also hornblende-metagabbro, metapyroxenite or amphiboilte (intrusive
equivalents of Catoctin) extensively Intrude the Fauquier formation

in the Warrenton area, University of Virginia area, etc, These
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intrusives, similarly associated with the Catoctin, also intrude
Lynchburg gneiss under the Catoctin Tn Central Virginia.

Thus, we have evidence In the Bull Run - South Mountain
Catoctin belt of the presence ot an extensive, highly metamorphosed
sedimentary series'of the Favquier-Lynchburg gneiss type., This
series Is older than the Catoctin which was poured out upon'lfs
metamorphosed and eroded surface. These rocks do not resemble in
composition or in degree of mefamorbhism essentially undeformed
sediments which some other writers believe are under the Catoctin in
the Blue Ridge belt,

tn several cases schists and biotite gneisses resembling
Fauquier-Lynchburg have been noted as inclusions in the granites
which underlie the western Catoctin belt or which crop out between
the ¥wo belts; thus it seems reasonable to believe that these old
metasediments are absent in the western belt, because they were
assimilated by the underlying intrusives, and also removed by erosion,

as.was the Catoctin.in the central.part of the Blue Ridge anticiinorium,

SEDIMENTARY ROCKS OVER CATCCTIN

East of the Cafocfuﬁ:éérAé} tault, in localities where
crystalline rocks are not coveCed by overlying Triassic sediments,
these down-faulted post-Catoctin sediments are exposed along James
River in an anticline attected by normal Triassic tavliting (Furcron,
1935, pp.23~37, Plate |I}. The oldest rocks [(Mount Athos greenstone)
are amygdaloidal flows resembling Catoctin, and no base has been
discovered for them thus tar. Over them is quartzite with some mica

schist (Mount Athos formation); it is similar to quartzite and schist

over Catoctin in Bull Run Mountain immediately west of the Catoctin
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Mountain fault called Weaverton by Keith {1894, Harpers Ferry Foliol,
and Loudoun on the Geologic Map of Virginia, 1928, Over the Mount
Athos quartzite and schist are marbles referred to as Cockeysville,
Over the marbles are mica schist referred to as Wissahickon, The
terms Lynchburg gneiss, Cockeysville marble, and Wissahickon schist
were tirst Introduced into Virginia geology by Mi=ss-A. 1. Jonas
{1927, pp.837-845) and used in her classification of the cpystalline
rocks on the State map of 1928. These terms are retained tor these
rocks in the report by Furcron (1935},

Volcanic flows, accompanied by intrusives, continued into
Wissahhékdn times (Furcron, 1935).

Thus, west of the Catoctin Mountain Border fault, we have
the lLynchburg-Fauquier type of gneiss, the latter contalning a
variety of metasediments, including marble and graphite schist. This
series is under the Catoctin, and 1s cut by intrusives of Catoctin age
and composltionifutcron, 1939, P,:28, Pl, |1, Over the Catoctin flows,
west of the tauvlt, are remnants of post=Catoctin rocks - quartzites,
muscovite and biotite schists. There is evidence locally that
deposition of fine, white saccharoidal quartzite actually began
before the conclusion of the Catoctin period because layers of this
quartzite are interbedded with greenstone (Furcron, 1939, Plate 6}.
Eésf of the tault this series reappears in a large anticlinal area
along James River where younger post-Catoctin rocks are exposed. These
rocks are classitied by Furcron as pre~Cambrian because the Loudown
arkoses and slates are unconformable upon the pre-Catoctin, Catoctin
and post=Catoctin rocks west of the Border Fault., 1t is obvious that
younger post-Catoctin rocks should be preserved cast ot the Catoctin
Mountain Border taults. tncidentally, the Bloomers have portrayed this

great normal fault as an overthrust (1947, p. 105) with no reasons given.
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In Virginia Bufletin 39, Furcron describes the Lynchburg
gneiss separately and not included with post-Catoctin rocks east of
the Border fault, but in the explanation on Plate 1, its color block
was placed beside that of the Wissahickon, 1f its color block be
transposed to the bottom ot the column beneath those for Catoctin and
Mounf‘Afhos greenstone, and the two greenstone blocks be placed In
apposition above it, then the explanatory column will be in proper
sequence. Thus the writer recognizes two ages of marble, one in the
Fauguier formation under Catoctin and one over the Mount Athos
tormation., Also, it Is probable that the Mount Athos is correlative
with gquartzite and schist over Ca}ocfin just west ot the Border fault
north of Warrenton. The term Mount Athos greenstone should now be

abandoned in tavor ot Catoctin greenstone.

STATUS OF THE SWIFT RUN FORMATICN

Cn the geological map of Vtrginla, I928,'$mhr5'Jonas
indicated that the Catoctin rocks were intruded by the underiving
granodiorite and gneisses of the Blue Ridge province. In a later
paper on hypersthene granodiorite, she calls affenfion_fo diabase
dikes which cut fHaf réck and which she believes are simllar and
closely related to the Catoctin intrusives; also, because she believes
that intrusive relations to granodiorite Into Catoctin have not been
observed, she concludes that the Catoctin series is younger, 1In a
later article dealing with this problem, Jonas and Stose (1939}
describe a tuftaceous formation,which contains arkoses at the base
of the Catoctin, as the Swift Run tormation from Switt Run Gap in

Greene County. At that time the wrdter was engaged by the Virginia
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Geological Survey to map the geological formations ot this district.
The Stoses state that in 1933 they regarded similar slates and arkoses,
prevalent in that part ot the Blue Ridge range,as synclinal infolds of
basal Cambrian Loudoun {pp.585-586), but that they have been conylpced
by later work in that area east ot Switt Run Gap, on U, S. H%gﬁ#@y 33
and other localities, that these rocks are not Loudoun but that they
belong to the base of the Catoctin. Théy correiafé the arkoses at
Switt Run Gap, which they belleve to be at the base of the Catoctin,
with the Fauquier tormation and the Lynchburg gneiss (pp.575, 5931}.
This wrifér has not been able to discover tield evidence to justity
these conclusions. Also, the Switt Run rocks and other arkoses are
merely sandstones of totally difterent composition; also Fauquier-
Lynchburg rocks are in the same belt yet are highly metamorphic rocks
cropping out on a regional scale. it should be rfmcmbered here that
these debatable sediments are Loudoyn=-like, and Q#%a Stose i&s;_SPafe
hMa&,;]QQB; 1927, pp.844-8457), EQTCT$;;(1935 and i939), and others have
mapped and separated the Loudoun from Lynchburg and Fauquier on the
basis of lithology and degree of metamorphism; thus to remain
consistent we cannot now correlate them with Lynchburg gneiss and
Fauguier. |
A peculiar tendency for these rocks to occur In many cases

over contacts between Catoctin and granodiorite is discussed in
another part ot this paper where evidence is given by the writer to
indicate that these sediments do not appear to be at the base of
Catoctin but are remnants of Lower Cambrian arkoses which may

contain tuttaceous material.

This writer does not wish in any way to discredit the

possibility of occurrences of tuttaceous material at or near the
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base ot the Catoctin flows. As a matter of fact, such materlals

are known to occur and do occur in other parts ofACa+ochn seriess
Widespread agglomgrafes at the base of the Catoctin have been
described by.?&rfTUn on the Warrenton quadrangle (1939, pp.20-22)

in the Bull Run - South Mountain belt, but the writer has found no
evidence to prove thus far existence of a sediment or of a tuftaceous
material resembling [oudoun or basal Unicol between the Cafocfin/and
granodiorite and its associated granites,

For example, Jonas and Stose (1939, pp.585~-586) state that
the sediments here mapped as Unicol at Bear Fence Mountain on the
Skyline Drive {tig. 2) "are largely of tuttaceous origin and are
interbedded with flows at the base ot the Catoctin metabasalt and
are not Loudoun." There Is, perhaps, more "tuffaceous" material or
Catoctin waste in the Loudoun here than usuél, but except for the
tact that 1t covers the Catoctin-granodiorite contact, there is no
evidence that it is under Catoctin. |t such deposits are classified
as "Switt Run'" then the entire Loudoun, and the Unlicoi outlders,
must also be placed beneath Catoctin.

Thus far, no one seems fo have discussed the peculiar

character of the sub=Unicoi crystalline surface which was an
exceedingly uneven one. In some locallities,such as Sugar Hollow
in Moorman River Valley west of Charlottesville, arkoses crop out

deep within the entrenched valley and In other localitles they lie

about upon the rocks with no special respect to topographic position.
Much has been said about the tuttaceous characfen ot these

sediments ("Switt Rum," "Oronoco," basal Unicoll. .ig4§;§ﬁ and

Woodward {1936) were not sure of this condition until they had

traced the flow 8t the base of the Unicoi from over a Catoctin
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basement to & granodiorite basement In Cubbage Hollow. Thus assured
ot a basal flow in the Lower Cambrian, it became reasonable to
believe that tutfaceous material ot similar age could occur alse in
such rocks. The granite-waste composition ot these rocks, however,
has been somewhat over~emphasized because weathered Catoctin
obviously produced a large amount ot fine-grained chlorite, epidote,
quartz, etc., which was incorporated locally into the lower beds of
the Unicoi. It is significant that when we go castward in the Blue
Ridge range beyond the limits of the Catoctin that similar beds do
not contain volcanic material. Special mention ot the possible
occurrence of large amounts of Catoctin waste, giving body, color
and texture to the basal Unipol sediments, is made here because
outliers of these sediments have been placed by some under Catoctin
with the assumption that they do not contaln waste of weathered

Catoctin greenstones, greenstone tufts and slates.

GABBRG DIKES N GRANODICORYITE AND GRANITE

Metadiabase dikes which cut granodiorite and granife in
the Blue Ridge and referred to by Jonas and Stose (1939, p.590) are
encountered occasionally, as at the east end ot The tunnel on the
Skyline Drive at Marys Rock near Sperryville. &@;;%@%‘was unable to
discover any genetic relation between them and Catoctin #lows.
Because of their generally fresh character he wrote in 1934 that
these dikes might be Triassic, but later study shows that they
represent original gabbro or gabbro diabases in which the pyroxenes
are more altered than in Triassic diabase. Watson and Cline have
described dikes which cut folded Paleozoic sediments in the Valley,
but they are not known to be related to the ones under discussion.

Also, these dikes may be Lower Cambrian, thus connected In origin
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with the volcanics at the base ot the Unicoi. Their age is not
known but It should be Late pre-Cambrian or Paleozoic; thus, they
may cut the Catoctin, but no examples of such relationship have
been discovered thus far by the writer., Dikes of greenstone and
amphibolite which belong to the Catoctin beriod of vulcanism have
not been found in intrusive granodiorite under Catoctin of the Blue
Ridge belt; they are present, and locally abundant, where they cut
pre~-Cambrian metasediments associated with Catoctin in the South
Mountain = Bull Run belt and are discussed in another section of
this paper.

The Bloomers write (1947, p.100) that these gabbro dikes

" however, they were unable to find them connected

are "propyiifcs;
with the flows or intruding the flows. They write that the Catoctin
tlows once emanated trom fissures represénfed by these dikes. This
is a very questionable theory for the source of basic tlows as fhick
and widespread as the Catoctin, It 1s much more probable that the
original vents from which these lavas came were much farther to the
east, because an extensive preliminary pyroclastic tacies, Warrenton
agglomerate, has been described by this writer from the ecastern
Catoctin belt. Dikes assoctated with flows occur around the old

vents, and that is where the Catoctin dikes are found {(Furcron, 1939,

P.28, pl. 11,

"ORONOCO FORMATICN" CF THE BLOOMERS
R. O. Bloomer and R.LE: 8loomer (1947) write that they
have discovered a formation of arkose which ltes stratigraphically
between the intrusives and Catoctin greenstone. This formation is
reported from the vicinity of western Amherst County Tn the northeastern

part of the Buena Vista gquadrangle, and named by them the "Orono

formation." This name has no priority because the Stoses have
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previously described a Iifhologlcally similar formation, the Switt
Run formation, to this stratigraphic horizon in the district.

Unless this discovery of the Bloomers represents a bare
or clifft=like outcrop where the arkose can be seen to occur between
the two igneous types, their only proot ot pre-Catoctin age tor
these sediments is their common occurrence at or near Catoctin-
granodiorite contacts, The writer has seen and mapped Heposifs of
arkose In this province from Front Royal to Natural Bridge, where
they occur on Catoctin greenstone, on granite andrgranodlorife, and
at the contacts between the two. These arkose deposits occur over
all the crystallines, resemble Unicoi, and should be outliers of it.
Farther ecast in the same province they have been mapped as Loudoun.
Locally, in numefous places, belts of this sediment follow the
contacts between the greenstone and granodiorite, which may lead some
to conclude from limited occurrences that this fact proves that the
arkose lies between the two rocks. However striking such occurrences
may be, the belts will wander oft from that position on all other
rock types. |In none of the numerous localities where It was possible
to observe the contact of greenstone or granodiorite on clean or
clitft=-like slopes could any_sddimenfs be seen in this position; also,
as may be seen from figureg 2,3 & 45 large bosses of intrusives crop
out in greenstone where no sediments are found between the two. The
occurrence of these arkoses at the contact appears to be tortuvitous,
because although contacts between intrusives and greenstone on a
geologic map made by the writer from Front Royal to Crozet in the
Park involve hundreds of linear miles and many separate arkose deposits,
the total amount of mileage represented by the position of arkose at

the contact is very small, Observed contacts between Catoctin and
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o granodiorite are clean and without the presence of these arkoses.

In summary, distribution of these basal Cambrian outliers
Is peculiar, yet not adequately expiained by those who would place
them under Cafoéfin. There are Iocélifies in the Park area where a
thousand feet or more of such sediments would be reduced to zero
along the supposed contact within a tew hundred vards. Also, it is
reasonable to believe that It these sediments do occur between the
Catoctin and intrusives, they should be seen In that position in
the excellent tresh cuts along the Skyline Drive. Here, in many
places, it is possible to put a tinger on the contact, in many places
a nearly vertical one, vet nﬁ sediments have been found by this

writer and none have been reported to his knowledge from such places.

LACK OF EVIDENCE FOR AN "ORCNOCO FORMATIONM

Furcron and Woodward (I936,-pp.45-5ll dzséribéd a basal
Cambrian lava tlow and tuffaceous deposit at the base of the Lower
Cambrian Unicoi or Chilhowee along the west slope of the Blue Ridge,
between Luray and Port Republic. This persistent volcanic zone lies
uncontormably upon the eroded surtace of all the pre-Cambrian rocks;
thus, may be seen at the base of the Unicoi uncontormably Qverlving
Catoctin, granodiorite and granite. There is evidence in the
article by the Bloomers, and also in the article by King, to indicate
that the Bloomers have confused this volcanic zone with a supposed
tormation (Oronoco}l which they have piacsd at the base of the Cafocfin:

S | | Bloomer's work was done atter fureren left Virginia, and

i

hl?“.Mrs. George W. Stose suggested the Buena Vista quadrangle for their

=

investigation because it was a modern map of an area in the Catoctin

!

belt not investigated by Furcron. The:3toses are tamiliar with the |

:—:;ibeology of that quadrangle and visited R. O. Bloomer twice in the

4
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fletds Mrs. Stose states™ that he has correlated tutfs at the base
ot the Cambrian with his Oronoco formation.,

B The Bloomers Include in thelr paber a figure to iilustrate
their assumptlion of the stratigraphic relation of the Catoctin in
central Virginia, The flow at the base of the Unlicoi they have
called Oronoco and have placed it at the base of the Catoctin, thus
the diagram 1s used to explain the widespread occurrence of this
volcanic at the base of the Unicoi where no Catoctin is present.
Incidentally, it is unfortunate that tn their Fig. 1, showing the
distribution of the Catoctin, they make no attempt to show the
distribution of their Oronoco beyond the limits of the Buena Vista
sheet. In tact, nowhere In their paper do they commit themselves to
detailed specific localities.,

King examined a section ot the Swift Run formation on the
south side of the East Branch of Naked Creek, a mile ecast of jollett,
and believes it to be the same as the "Oronoco" formation {1949,
P.526), He states that 1t lies uncontormable ﬁpon the Iajection
complex and that "the Swift Run persists throughout the Elkton area
as a nearly continuous stratum 50 or 100 teet thick between the
Catoctin ebove and the inJection complex below, an unlikely relation
it the latter were infrusive into.the former."

tn Fige 2, this writer submits a mab of the formations of
the Joliett section. The only rock seen by him which is similar to
the Bloomers' Oronoco %orma*ion is a tuftt and flow rock which may,
and should, contain tragments of the underiying complex, but which
occurs not under Catoctin but at the base of the Unicol, and

unconformably on granodiorite, granite and Catoctin rocks (mostly

* Written communication, October 22, 1947,
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Catoctin in this section)l. Also, it Is quite extensive in the
Etkton area, although it is very unpredictable, and as may be secen
by the map, is locally missing.. It is the tutf and tlow horizon
described by Furcron and Woodward at the base of the Lower Cambrian
Unicoi t1936). Thus, the Bloomers have taken volcanic rocks at
the base ot the Unicoi, and as nearly as can be judged from their
article, the arkose outliers unconformable over the Catoctin, renamed
them the "Oronoco™ formation and placed them stratigraphically at the
base ot Catoctin Qolcanic rocks. This leads to their assumption that
the Catoctin rocks are Lower-Cambrian,and dlso the assumption that
they are not intruded by underiying granodiorite and granite.

It should be noted here that those writers who believe
that essentially unmetamorphosed arkoses similar to the Unicol occur
under the Catoctin will eventually ftind 1t necessary to agree with
the Bloomers that the Catoctin is Lower Cambrian, and also that the
Loudoun formation is beneath the Catoctin. Also, to remain logical,
they will eventually find It necessary to correlate the Loudoun with
the Fauquler-Lynchburg rocks, yet the Loudoun 1s known to be
vnconformable uvpon these rocks. The Bloomers {1947, p.l106} suggest
that their Oronoco formation (an essentfially unmetamorphosed arkose)

be correlative with the highly metamorphosed Lynchburg gneiss.
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CONCLUS 1 ONS

The oldest rocks ot the Blue Ridge province in northern
and central Virginia are highly metamorphosed sediments -~ the
Lynchburg gneiss and Fauvquier tormation. Catoctin volcanics were
poured out over the surface of these rocks, and this period of
vulcanism was accompanied &md followed by the deposition of
younger pre-Cambrian sediments now only partially preserved along
the eastern edge ot the Blue Ridge province. Intrusions of
Catoctin age cut the Fauquier tormation and Lynchburg gneiss. The
relation ot the Lovingston gneiss to Catoctin is not certain but -
it appears to intrude Lynchburg gneiss in cénfral Virginia.
Granodiorite and accompanying granites intrude the Lovingston gneiss
and Catoctin of the Blue Ridge belt., These intrusives contain
unassimilated masses of Lynchborg=like gnelss.

The Biue Ridge province was domed up and eroded prior to
deposition of the Lower Cambrian rocks, and Catoctln rocks were
removed at that time from the central part of the "anticlinorium."
Lower -€ambrian sediments were deposited upon a surface of

comsiderable relief, and are composed almost entirely of granite

waste east of the Blue Ridge range. In the western .secetion deposition

was accompanied by volcanic action, thus the basal arkoses of the
Blue Ridge may contain tutts and locally flows. Pyroxene dikes
ot Cambrian or later Paleozolc age cut the granodiorites and
granites of the Blue Ridge range,

During the Triassic, Catoctin and overlying metasediments
were downtavlted cast of Bull Run and South Mountain in northern

and centra! Virginia, and in the basin thus formed shales and
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sandstones were deposited to great thickness. Sills and some
dikes were intruded into the sediments, and typical diabase
dikes of that period intrude all ot the rocks of the eastern
side of the Blue Ridge province,

East ot the Catoctin Mountain border tauit in central
Virginia, Catoctin and later pre-Cambrian metasediments are
exposed 1n an anticline which Is attected by Triassic faulting.
Here Catoctin tlows are overléid in order by the Mount Athos
quartzite, Cockeysville marble, and Wissahickon schist. Volcanic

activity of the Catoctin type continued into Wissahickon times,
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Figure I,

Figure 2.

Figure 3.

Figure 4.

Generalized section through the Blue Ridge province
ot northern Virginia {(not to scale or localityl., All
rocks are regarded as pre~Cambrian except those other-

wise deésignated.

Preliminary geologic map of the Jollett area, Page,
Madison and Greene counties, Virginia. c¢gv, Catoctin
greenstone volcanics; gd, granodiorite; gdi, granodiorite
injected by Old Rag granite; gdu, granodiorite unaklite;
orgu, Old Rag granite unakite; +€uv, basal Cambrian

volcanics; €u, Lower Cambrian Unicoi formation,

Preliminary geologlc map ot Swift Run Gap district,
@reene and Rockingham counties. cgv, Catoctin greenstone
volcanics; gd, granodiorite; gdi, granodiorite injected
by Old Rag granite; gdu, granodiorite unakite; org, Old
Rag granite; orgu, Old Rag granite vnaklte; -€uv, basal

Cambrian volcanics; €u, Lower Cambrian Unicoi formation.

Preliminary geologic map of the northern part of the
Shenandoah National Park area. Formation symbols same

as Figure 3.



FIGURE 1. Generalized section tnrough the Blue Ridge province of northern
Virginia (not to scale or locality). All rocks are regarded as pre-
Canmbrian, except those otherwise designated.

FIGURE 2. Preliminary geologic map of the Jolleit area, Page, ladison and
Greene counties, Virginia. cgv, Catoctin greenstone volcanics; ed,
granodiorite; gdi, grancdiorite injected by Cld Rag granite; gdu,
granodiorite-unaldte; orgm, Old Rag granite-unakite; 6uv, basal
Cambrian volcanics; u, Lower Cambrian Unicol formation.

FIGURE 3. Preliminary geologic map of Swift Run Gap district, Greene and
Rockingham counties. ¢zv, Catoctin greenstone volcanics; pd, grano—
diorite; gdi, granodiorite injected by 0ld Rag granite; gdm, granodi-
orite-unakite; org, 0ld Rag granite; orga, Old Rag granite-unakite;
£uv, basal Cambrian volcanics; £u, Lower Cambrian Unicoi formation.

FIGURE 4. Preliminary geologic map of the northern part of the Shenandoah
Nationa. Park area. Formation symbols sams as Figure 3.



OEOLOGIC AQE OF CATOCTIN VOLCANIC ROCKES IN VIRGINIA
A« S, Pureron

This discussion refers especially to a recent article by the
Nloomers on "The Catoctin Formation in Central Virginia® (March, 1947)
of the Journal of Ueologye. The writer disagress with opinions expressed
by these writers upon age of Catoctin volcanics. That terrain studied
by the Dloomers between Duchanan ard Afton, Virginia, is at the extreme
southweat end of the occurrence of Catootin volcanics. In the Matursl
Dridge area these volcanics are almost completely removed by srosion, and
in part assimilated by later pre-Cambrian graniies; thus they are sxposed
only as local patches of greenstons in granite. Opinions hers expressed
are based upon detailed rmapping of Catoctin rocks upon the Warrenton quade
rangle, and between Charlottesville and Lynchburg in central Virpinia in the
Bull Man=South Mountain belt, and of the western Blue Ridge belt between
Front Toyal and Afton, and the Haturel Bridge special quadrangle. The (ut-
line Map published by the Bloomers (¥ig. 1) doss not correctly portray the
distritution of Catoctin volcanii s, and it omits all important structural
features,

There are gome who would terminate the base of the Cambrian with
the lowermogt fossilifercus formations In that case prectically the entirs
Unicoi formation would be regarded as pre~Cambrian. Since these basal clastic
sodiments unconformbly overlie granodiorite, granite and Catoctin volcanics
are composed of fragments of these basement rocks, and grade upward into
fossiliferous sediments, the above view is not reascnable. The Dlcomers,
however, extend the Lower Cambrian rocks downward to include not only the
Unicoi, tut the entire Catoctin volcanic series and any sediments or meta-
gedimente which may occur betwean them and the underlying intrusives.



Cbviously, 1f the underlying granite and granodiorite cut Catoctin
voloanice, the latter are pre~Cambrian; also there could be no Lower Cambrian
Oronoco formmtion as the Bloomers interpret it, becsuse under such conditions
any sediments beneath the Catoctin would be pre~Cambrian in age.

A principal sourse of controversy regarding the geologic age of
Catoctin volcanice is the difficulty of firding actual cases of granite
and granodlorite {ntrusion into greenstones Such occurrences are local, and
diffiecult of access. They can be found in the greenstone belt of the Blue
Ridge muntuini, but in the Bull un ~ South lountain belt of greenstone,

which occurs along the east side of the Blue Ridge province, Furcron® has

1
Parcron, A. 3., Geclogy and lineral Rescurces of the Warrenton (Quadrangle,
V’Lrginill Va. Caol. Sﬂmy, Bull. 54, 1939.

shown the presence of the underlying pre=Cambrian metasedimentary Fauquier
formation which here generally separates these rocks from underlylng intrusives.
In the Warrenton area, the contacts between the Feuquier formation and granites
are covered by the Loudoun formation. The Fsuquier formation ocouples & posi~
tion ascribed by the Dloomers to their Lower Cambrign Ortnoco formatlon in

the wastern Dlue Ridge arsa.

A second source of controversy involvea the origin of cartaih
sedinments asaociated with the greenstone. Throughout the Park area isolated
patches, stringers, and even large areas of arkose occur. Locally, they
rest directly upon Catoetin volcanics; in other places they occur upon granite
and granodiorite. In other lotalities they show & tendency to occur at
contact between granite and grancdiorite. . and lrs. Stose have described
from the Shenandoah National Park area deposits of tuffaceocus originz, which lie

they believe are

at the base of Catootin metabasalt, hich/older than Catoctin. The writer is

i:%aea, Arna J. and George W., Age relation of the pre-~Cambrlan rocks in the

Catoctin lountain ~ Blue Ridge ~ Mount fogers anticlinoris in Virginias Amer.
Jours Sﬂio. Vol 237, Hoa 8, Augo 1939, FPe 57853«



not opposed to the occurrence of tuffacecus beds at the base of the metabasalt
because he has described extensive agglomerate and tuffaceous teds at the base
of the greenstone. If the Bloomers have discovered sediments heneath the
Catoctin volecanics in the Buena Vista ares, they will have considerable diffi-
culty in establishing a Lower Cambrian age for such rocks. Care should be used
not to confuse any such materials with the Loudoun or Unicol ocutliers and infolds
which are so abundant over the region. For example, in Sugar Hollow in Albermarle
County, the Loudoon formation covers five or six aquare miles, overlylng from
place to place all of the pre-Cambrian rocks mentioned above. However, this
rook extends northeastward for a distence of nearly ten miles, where it follows
the contact between the greenstone and granodiorite, finally running off on

greenstone. Also, along the west side of Catoctin greenstone in the Blue Ridge

area, Fureron and lroodnrd?' have described a basal Cambrian lava flow between

3 Fureron, A. 5., and Woodward, li. Fs, A basal Cambrian lava flow in northern
Virginiai: Jour. Geology, Vol, XLIV, lo. l. 1936, pps 45-51.

luray and Fort Republie, At first glance, this flow might be considercd as be-
longing to the Catoctin. lowever, it is actually below or at the base of the
Unicoljy elso, other Lower Cambrian flows occur locally within the Uniecl. In
Cubbage liollow mouth of Stanley, where granodiorite and Old Hag granite (the
latter altered to unakite) are exposed under the Unicoi, this lave flow which
occurs at the base of Catoetin also orcurs over granodiorite dipectly under
Unicoijy tims is not at all arsoclsted in age with Catoctin greenstone. The
fows here mentioned as of basal Cambrian sge are very different in appearance
and composition from Catoctin volecanieg, and they are not altered to epidote
greenstone. This is another reasson agalnst confusing the Catoctin period of
extrusion with local flowas in the Unicoi and the dikes of the seme possible
aze in granodiorite and granite.

Although Catoctin volcanics of the Fark area tend tc cap tops of

mountaing and are underlain by intrusives, they do not rest uwpon anything



remotely resembling a horizontal floor, as suggested by thes Bloomers. The base
of greonstone over granite is subject to great variation in elevation within
relatively short distances. For example, just west of Kinderhook in Greene
County, greenstone occurs at an elevation of 950 feet, but only 1} niles
northwest of the locality the base of grecnstone occurs at about 2750 feet.
Aleo, bosses of grandiorite and granite tend to ccour in greenstone at
localities where we would expect it to be thickest. This condition makes
estimates of thickmess of greenstone, as guoted by Bloomers, very hazardous;
also, such relationships indicate a later age for granite.

Some isclated occurrences of grandiorite and old Rag granite in
greenstone may be found in the Shenandoah National Park area at the following
localities: Granite (unakite), Iniian Run Valley, one and one-half miles
southeast of Compton Gapy granite (unakite), headwaters of Flint fun, two and
two-tenths milea south of Bentonville; grandiorite (mass about one-half unakite),
Warren~Fage~Rappahannock county line; grandiorite (unakite) at the head of Dark
Hollow, just east of Fisher's Gap, Stony ¥an quadrangle; grandiorite (locally
unaid te) Swift Ran Gapj grandioiite and granite, Sugar Hollow west of Whitehall,
Albermarle County.

Direct evidence for intrusicn of grancdiorite and granite inte
Catoctin greenstons may be discovered by patient worke On the west side of
Roeky Branch near Hall School on the Stony lan quadrangle, granodiorite
intrudes greenstone. At Compton Qap on the Skyline Drive, southwest of Front
Royel, the writer discovered many inclusions of greenstone fragments in grenite
and granodicrite on the freshly-cleared right-of-way for the Farkway. Iere
small greenstone inclusions of hand and bowlder size were found in granite.
Several thin sections of these greenstone inclusions in granite of this locallty
were examined. These sections are frosher and less altered than the normal

greenstones They are of very fine-greined diabase and porphyry which one would



expect to find in a thick basalt flow. Siringers of granite, altered to red,
epidote-bearing rock, were found cutting the greenstone.

Fine=grained pink and greenish granite with scattered epidote grains
intrudes Catoctin greenstone at the northwest end of Cave Mountain on the Natural
Bridge Special quadrangle, south of the Fark area. At this locality an opening
wae made in greenstone and granite. The excavation is near the main road and
on the north tank of Back Run. The atringors and narrow dikes of granite,
accompanied by pyritization, occur in massive greenatons. The granite tends to
assimilate greenstons in such a manner as to produce a dark, greenish granitiec
rock with red feldspar which is clearly of an hybrid character. All types from
dark greenstone, through hybrid rock, to fine-grained pink granite occur here.
This is a typlcal granodiorite-granite district.

A large inclusion bdlieved to be an engulfed fragment of greenstone,
was noted in the road up Yellow Dranch, a tributary to foach Eiver in Greens
County. Inclusions of Catoctin greensicne in granite and grandiorite wers
found on the north wall of [pach River valley, northeast of Victory School.

The question of igneous sequence in the Dlue fidge of northern

Virginia was raised by Keith in 18924. He recognised epidotiec diabase, granite

4
Keith, Arthur, The geologic structure of the Dlue Ridge in laryland and
Virginias American Geologist, Vol. 10, 1892, pp. 366-368.

and quarts=-porphyry in this region, [ ataten5, "So0 far as known to the writer

5
Ibid, Pe 366

the granite and guartz-porphyry do not come in contact. Between the granite and
diabase, contacts sro comucn. The granite occurs in the form of large masses
and eruptive tongues in the diabasze and abundant evidence of its eruptive nature

can be found in its irregular boundaries, offshooting tongues, and included



fregments of diabase.”

These volcanics &re generally referred to by Keith in later publications
&3 "Catoctin schist." Feith finally divided the period of Catoetin sxtrusion into
two parts, sc that granite intrudes lower volcanics but an upper diabase eruption

cang after the period of granite invasion.

6
Keith, Arthur, Geology of the Catoctin Belt: U. &, Geol. Survey, l4th Ann. Rept.,
Pte 2, 1892"'3’ Phe 318, 3940

Tn discuseing rocks of the Blue Ridge near Harpers Ferry’, he states

7
¥eith, Artmr, Harpers Ferry Folio (10), 1894, p. 2

that Catectin schist is intruded by granite and that this fact is made plain at
centacts between the two "in the alteration of the schlst next to the grenite,
in the snaller crystals of the granite, due to cooling, and in the fragments of
schist included in the granite.® The wrlter finds that these opinions of Keith
still apply in this area.

In 1906, Weed and Vatson stndied the relationship of underlying
intrusives to Catoctin greenstons slong the western side of the Blue Fidge

in the Luray region.8 "The relations between the sysnite and basalt observed

8
Weed, W. l,, and Watson, T. L., The Virginia copper deposits: Hcon. Geol.,

Vole 1, 1906, ppe 318=19.

on Stony in mountain clearly indicate the later age of the first named rock.
At most places the syenite is massive and topographically below the basalt."

Fh!'.len9 wrote in 1906, "The chief mass of the basalt, or melaphyre,

Phalen, W. U., Copper deposits near Luray, Va., U, 9, Oeol. Survey Bull. 285,
1%’ p‘ ]-40.

or greenstone, &8 it has been variously termed, is dense #nd dark green, except
where thoroughly epidotised, when it assumes s lighter—greon lme. Its original

constituents are not determinable without microscopic aild, save perhaps an



7
occasional phenocryst ¢f olivine. From the facts that bosses of syenite are
seen in it in the region near Fisher's Gap and that it has been subjected to an
intense metamorphism along its contact with the syenite on the west slope of
the ridze and wherever the two rocke are contiguous, it is inferred that the
syenite is the younger of the two rocks. This inference 1s strengthened by the
perfectly frosh, holocrystalline character of the syenite at the immediate
contact and by the lack of weathered fragmente or bowlders of the syenite in
the basalt. This contact metamorphism has resulted in a more or less schistose
rock, quite different from that of the maln mass which, in this particular
district, is not regionally schistose.”

The Bloomers state, p. 103, "In central Virginia, no rocks resting
upon the Catoctin formation are exposed. Farther north, however, the Catoctin
is unconformably overlain by the Loudoun formation,® In the writer's opinioen,
all sedimentary rocks in the Natural Eridge area are well exposed, especially
the Unicol, which overlies pre-Cambrian granites. Moreover, in this dietrict,
Catoctin conpists of residual greenstone remmnta/ﬂcyii}e&dgmnit and these
rocks are unconformable under Lower Cambrian clastic sediments. Catoctin
rocks of the South Hountain belt, in Central Virginia, vunconformsble under Loudoun

arkose, were mapped and described may vears ago.lo

10

Virginia Geological Survey, CGeologic iap of Virginia: 1928. (Geology of the
crystalline rocks by Anna I. Jonas). Virginia Geological Survey, Bull. 39, 1935,
Furcron, A, S,, James fiver iron and marble belt,

The intrusion of granodiorite and granite into Catoctin greenstone

has been reported also in other articles.

11 -
Phalen, W. C., A new occurrence of Unakite — A Preliminary Papers; Smithsonian
Mise. Collections, Vol. 45, 1904, ppe. 306-316.

Watson, Thomas L., and Cline, J. H., Hypersthene syenite and related rocks
of the Blue Ridge region, Virginia: Geol. Soc. Amer. Bull., Vol. 27,



8

Furcron, A. 5., Ignecus rocks of the Shenandoah National Park area: Jbua.
of Geol., Vol. 42, 1934, pps 400=410.

Fureron, A. 5., and Woodward, H. P., Geology and mineral resources of the
Stony lMan Quadrangle, Virginia: Unpublished mamuecript in files of
the Virginia Geological Survey.

The Bloomers! belief that Catoctin volcanice are of Lower Cambrian age is
based upon thia view that there is a sedimentary formation unaltered, and resembling
ILoudoun or Unicoi beneath Catoctin. This, they call the Oronoco formation. The
writer has studied and mapped the Catoctin of the Shenandoah Hational Park area
from Front Foyal southward to Crozet, and thus far has not been able to demonstrate
the presence of such a formation. The contact between Catoctin volcanics and in-
trusives is sharp and clearcut in the western Blue Ridge. If the flows are younger,
it is unlikely that they would have been poured out over so great an area upon an
absolutely clean floor, and erosion along the west side of the Blue Ridge offers
ample ppportunity for study of this interesting contact. The Bloomerat! Oronocco
formation is described from the Buena Vista gquadrangle at the southern end of the
western Catoctin belt.

A perusal of my geologic map of the erystalline rocks of the Shenandoah
National Fark area (unpublished) reveals a striking correletion between occurrences
of unakite in both grenite and granodiorite, and ite proximity to Catoctin green=-
stone, For this reason, the writer believes there is evidence to indicate that
unakite was produced by hydrothermal changes which took place probably at the
close ef the peried of .granite and grancdiorite injection, where hot molutions had
an opportunity of mingling with more hasic Catoctin minerals. In the Bull Rine
South ibuntain area, where granite is not in contact, as & rule, with Catoctin,
unakite is not dimcovered. Throughout the Shenandoah National Park area, granite
and granodiorite near spldote groenstons contain epidete. Also, in such occurrences,
their feldspars contain sufficient ferric exide to become pink, locally nearly

red. Whers granites intrude greenstone, later hydrothermal mction im prone to



=i

create such effects.

lirs. 5t05012 states that alterstions in -ranodiorite when unallte
ocours "proceed by a strong development of myrmekite......These changes are
accompanied by considerable sericitlzalion of the potassium feldspars, increase
is saussuritization of the plagloclase, and alteration of hypersthene to
hormblende, chlorite, and epidote." Ohe states further, "iuch of the epidote
is clarly secondary, and has replaced the other constituent®......the epidote
ie lergely introduced, and has replaced other minerals.® It is believed by
the writer that/ lMrs., Stose has described in detall in this excellent article
the later hydrothermal effectis in granodiorite and granite. Vhere greenstone
is involved, unakite wae producedy also aince myrmekite is typical »f these
rocks generally, unakite can be accounted for only where these later hydrothermal

solutions come in contact with greenstone.

n Il
Jonas, A. I.,Hypersthene Granodiorite in Virginiat: Bull. Geol. Soce Amer.,
Vol. 46. PP 47"60’ 1935.

Grandiorite and granite (especially granite) may be altered to
unakite where not in contact with greenstone. In such localities, later
hydrothermal solutions appear to hawve been especislly activejp also an inspec-

tion of the geclogical map indicates that in many of these localities the over-

lying greenstone may have besn prasent mi later was removed by eroaions

" Also, lecally, whors later sclutions were less active, there is 1ittle or no

visible ssussuritizaticn snd unaldtézatlion of contacts betweon the intrusives
and Catoctin greensicre.

Thers im no reason why sandsione or quarisite beds cannet occur in
the volcanic rocks of the Dlue Ridge of the Fark area. The writer has not
found them, but is entirely willing to admit that thsy may be there. Their
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presence would have lititle bearing upon age of the flows. CQuarhzite beds

in the Catoctin rocks were first described by furcron from the Warrenton
aratu o At that time, Furcron was inclined to regard them gs of Loudoun age
but later work indicates that they occur only in and over Catoctin gfeenstone,

and are not arkosie, they should not bLe classified with the Loudcun.

13
Ibid, page 23, Flate (.

[

{n Catootin 6f the Warrenton £reay do not fesersie tie Arkoses of the Loudoun
formation of that area, nor the Unlecol or Loudoun formation of the Fark area.
In Bull Min Mountain of Fauguier County, as ai High Polnt near The Flains,
Virginia, thick beds of whits, sugary guartzite (probably the Geverton sandstone
of Keith) overlie the Catoctine In other places on the Warrenton quadrangle,
this {ype of quartzite occurs as beds in the Catoctine. These rocks, including
the "Weverton" of Feith, are regarded by Fureron as of Catoetin or closely
related agej tlms he questions the Lower Cambrian age of the quartzite of Bull
Run tountain (Weverton of Feith).

Bloomers state that "the age of the Catoctin has been in dispute
since leith described it..." = However, it does not appear that Keith's opinien
wag disputed until 1935, at least 40 years after Keith'm original article.

The Stoses™ at that time affersd reason for believing the Catoctin to be

younger tharn the intrusives. They write that the dikes which cut the granodiorite

14
Tbid, pp. 576, 590, 593

are related in composition to the Catocliin. The writer belleves this will be
very difficult to prove. As a matter of fact, these dikes may have been in-

truded at other times because they do rot resemble dikea of known Catoctin
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15
age described by Furcron from other localities , It seems likely that they

could have been intruded in Lower Cambrian times; tims, they may be of the

same period as the Lower Canbrian flows.

15
BUJ.].- 54, P- 28 .

The Bloomers ptate that Kelth believed the Catoctin to be the oldest

rock in the Blue Ridge; however, Keith16 described it as "Algonkian," thms he

16
Tbid, ses Geologlec Map.

actually described it as of late pre-Cambrian age.

The Blcomers state that the writer concluded that the gr;nite of the
Blue Ridge is younger than.the Catectin "because of an intrusion of 'pegmatite!
in the Catoctin.® This is a misunderstanding of a quotation used by Furcron.
The writer has never recognized or described a pegmatite from this terrain. The
Blue hHidge block adjacent to the Greater Appalachlian Valley, is notable for
abgence of true pegmatites. Our mica-pegmatites occur much to the east, and
in Georgia are cut only by Triassic dikes. The writer believes them to be of
late Faleozoic agej; thms, their presence proves little or nothing about age
of enclosing rocks. The writer has never regarded 0ld Bag granite asz a true
pegmatite, although it is a later facies or "pegmatitic® facies of the granodiorite.
nEpithermal dike-like masses™ of the Dloomers have never been described in any
of the writer's publications as pegmatite.

Copper ores in Catoctin greensione have been prospected in the past
rather extensively throughout the western belt now included in the Shenandoah

National Parke Early writsr517 were first inclined to attribute these ores to

local concentrations from downward circukating meteoric waters probably because
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such views Lad been expressed in those days regarding the origin of the
Michigan copper deposits.

17
Weed, W. H. and Watsen, T. L., Virginia Copper deposits, Fcon. Ceol.
Vole 1, FPe 317-323. 15900 «

Phalen, W. C., Copper doposits near luray, Virginls, U. Z. Ceol. Curvey,
T*Ull- 285’ pp. u&'us’ 1%.

The deposits are found noar the base of the Catoctin greenstone, or
at intrusive contacts. Ores are principelly native copper end cuprite with
srall amounts of chalcopyrite and bornite. The more sccesaible prospects are
at Dark lollow and Steny 'un (ftany 'an quadrangle) where the ore-bearing
greenstone adjoins graniie. Fh;lei?admits that ascending nagmatic waters may

iR :
Phﬁlﬁn, We C., Ops Ci.tu’ Pe 1423,

have been responsible for bringing such sulphides as chalcopyrite into the
quarts veins. Watsonl? at a later date mgzgested that the primmary ores

bC)
Wataon, Thomas L., Versonal commnlcation to A. &. Furcron, 1921.

probably were deposited by a reaction between magmetic wators and the ferric
oxide of the greenstone. The writer believes that the composition of the
primary ores, and their relatfont to the intrusives, indicate that Catoctin
greengtone was mineralized by megmtic waters emnating from the underlying
intrusives.

In gummary, Purcron beliewes that Catoctin volecanics are older
than granite and greancdiorite for the {ollowlng principal reasons:

l. local evidence of intr:alon of granite amd granodiorite into

woetin wolcunica.
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