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PETROILGY OF DIABASE MarIlS IN SDIPIHEASTMI PENNSYLVANI.ti STUDIM 

Director W. E. Wrather, Geological Survey, today announced that a report de-

scribing a recently investigated body of diabase rock, associated ieith iron ore 

deposits, in southeastern Pennsylvania has been placed in open file. 

Diamond drill exploration of magnetite deposits near Dillsburg, Pa., revealed. 

the body of diabase beneath the sedimentary rocks in Ighich the de-oosits occur. 

The report, titled 'Petrology and habit of some diabase sheets in southeastern 

Pennsylvenie, by Preston E. Hotz, is accompanied by geologic maps, sections, and 

other illustrations, and deals primarily with details of the chemical and. mineral-

ogic characteristics of the local rocks below the ore deposit. Copies of the 

report may be inspectcd ir. the Geological Survey Library, Room 1033, Federal '4orks 

Agency Building, Washington, D. C., Pnd in the mein library and Geology Department 

library, Princeton University, Princeton, N. J. 
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ABSTRACT 

Small MRS900 of 7anonhyre occur in the unper part of diabase intrusi,ns 

in southeastern Pe' sy:vla 7:1. Diamond drill hole exploration of m‘7,otite 

deposits near Dillsburg revealed a body of diabase be-oath the sedtmentary rocks 

in which the denosits occur. The d-ill core r.vealed a comnlete gradati)nal 

sequence downward from a diabase chill zone through normal diabase, diabase 

perratite, transItional rlranop'yric diabase into granophyre. 

lew data include the results of petroTa-hic study of' a serier of specimens 

fro- the drill core and 10 no chemical analyses. Thn seq,,erce, di ,base to 

gra- ophyrc, shors progressive increase in alkalies and srical iron increases into 

the transitional granophric diabase s-ta-e, then decreases in the granophyre. The 

chemical variatiorn= are aeca.manied by changes in mineralogy which are described 

in detail. 

Field and petrographic studies of other gra, ophyre masses were Iikewlse made. 

Possible origins of granophyre from diabase are considered, and it is concluded 

that crystal differentiation jr a large sheetlike intrusion m )st satisfactorily 

explains the genesis of granophyre in this region. Prior to complete solidification 

a residual liq. id rich in iron, alka- ies, siLica, and 711aqies collected liJoally 

in the upper part of the diabase sheet. In some places fract ins released volati',-

rich iron-bearing sol-ti Ins which de-osited magnetite in thP overlying sedimentary 

racks; the remaining liq -Id crystallized .t(- fine-gra:ned granophyre. Ylsewhere the 

volatiles were retained for a longer neri,d; the resu2ting rock is coarse-gralned 

with unerous miarolitic cavities. 



Ring-likeoutcrop patterns are chanicteristic of t. diabase in 

sotheastern Pe::sy-Ava-ia. Drill hole and geophysical data indicate that the 

diabase 32 theso rings has the form of generally discords, t curved shec,ts or 

basins. Pre-existing fractures ar potertial lines of weakness may have 

controlled the eleet-like form, or beciase of existing press' :re conditions the 

diabase nagma was forced to spread laterally rather than rise vertically. 

ii 



I TRODUC TI 3 N 

Tern-strial and lacustrine sedime-tary rocks of Triqssic age occu7y 

several elongate tro gh-lik be sins in easterl, "orth America extending with 

some irterruptions from ';ovn Scotia to South Car..olina. Fror bore hole records 

Triassic rocs are known as far so th as Florida. The basins are narrow and 

elorgate north and south. They ranze from 25 t- over 300 miles in length ad 

from 10 to 30 miles wide. The .argest of these basi-s lies in so theastern 

Pe sylvania and southern Ie.--; Jersey n d extends from southeastern -,17, York to 

northerr Maryland. The northern part of this Triassic belt is us ally referred 

to a; the lewark Basin, the them part is called the Gettysburg Basin. 

Toward the close of the Triassic period an enormous volume of magma invaded 

these sedinotary rocks, forming diabase intn:sions and basalt flows. This 

paper is concerned with the diabase intrusions and their differeEtiates 1, the 

Gettysburg Basin and the southern half o - the Newark Basin, southeastern Penn-

sylvania (Fig. 1). With one very minor expention, no surface flows are known 

in t‘his part of the basin. 

The undifferentiated magma which invaded these selEmentary basins is 

representative of a world-wide ty,e, the tholeiitic magma type of Kennedy 

(1933, p. 240-242). In law Jersey and New York a thick sill of thoWitic 

magma that f)rms the Palisades of the Hudson, cooled slowly enough Ito permit 

a considerable degree of differentiation. Lewis (1908b, p. 155-164) and 

Walker (1940, p. 1059-1105) have made detailed stAies of the petrography, and 

in excellent accounts of the petrology have described te differet!Itiation process 

0
which produced the well krrYwn olivine-rich layer near the bottom' Abe all.

I 
1 



Figure 1. Map sh.).7ing the distrthution of diabase in 

Triassic rocks in sol„theasterr Pernsylvrin. 
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Lew4- d Stose (1916 p. 623.443) decrd t%e diabase I 0..0 vicinity of 

Gettysix-rg, d Stose and as (1939, p. 126-130) describad the Triasc intru-

sions in Yor: County, where they noted &mull isolated masses w: (sic) "pink 

Cabase or diabase pegmatite* in the diabase, ar:d recognized these b.dies as 

differentiates of the diabase magma. 

Durina exploration of some mag 3t te de7s,osAis w::•ch occur as replacemert 

bodies in Triassic sedimertary rocks near Dillsburg, Pa., a diamond drill 

enc .untered a b)dy of diabase beneath the sed-!_me7ary rocks containing the 

magnetite. In the upper pa:t of tLs Intr .aion a zone of pink granophyre ,-;rades 

lly above and below 1.1t--, appare:tly normal diabase. An unequalled 

opportunity -1a3 thus afforded to make a detailed petrogranhic st- dy of the diabase 

and granophyre. 

'!a:-/ of the diabase i• rusions exhibit a ring-shaped outcrop pattern (fig. 1) 

due to their c);rved sheet-like habit. Drill hole and geonhysJcal data indicate 

that a discordant sheet-like habit is typical of the diabase intrusions in south-

eastern Penn3ylvania rather than concordance as exemplified by sill structures. 

T77, DILTSB-RG DISTRICT 

Dillsburg is a small village in northeastery York County, Pw-Hsyivania, 

abact 15 rileo solAhwest of Harrisburg (Fig. 1). From about 1 .55 to the early 

part of this century the district pr-Auced a small amount of magretite ore Asom 

underground workings and shallow open cuts. Since about 1915 there has been no 

act ..e mining. 



 

General Geology 

The areal geology of the Dillsburg district has beer more or less compLotely 

described in several earlier reports. The magnetite mines were first described 

by Frazer (1877). A later detailed report was made by Spencer (1908, p. 74m96). 

An iortaLt discussion of the origin, and somewhat differe,:t interpretation of 

the structure of the Dillsburg ore deposits vas made by Harder (1910). Stose 

and Jonas (1939) prepared an exceLe. -t map and report on the geology of York.-

County which included the Dillsburg district. Two recent articles tr results 

of diamond drilling exploration of the magnetite deposits inve been prepared by 

linsn!: (1947) and the writer 

.111111111116 

.„/ A report on tht results of the aiamond drill exploration of the Dillsburg 
derosits is ir presp at the U. S. Geo1o7ica1 Survey. 

AI 

The oldest rocks in the area, lower Paleozoic in age, lie northwest of 

Dillsburg aid are in fault contact with the Triassic rocks (Fig. 2). 

The sedLlet,s in. this part of the Triassic basin are predominantly red 

shale and saftdstone belonging to the Gettysburg shale. This formation is 

characterized by lenticular beds of limest -re conglomerate whose constituent 

pebbles have been derived from the nearby Paleozoic rocks. The magnetite deposits 

occur as replacements of the limestone conglomerate. Within the formation there 

is also a belt of coarse arkosic sa dstione and quartsose fanglomerate which has 

been mapped and described by S'ose and Jonas as fl-e Heidiershlrg oember of the 

lettysburg shale. Adj ace: t to the intruded masses of diabase the normally red 

sedimentary rocks are bLeached and metamor-hosed to gray and buff hornsi,ones and 

qulrtzites, and the limestone 00-7,1omerate is recryst.Illised to marble or replaced 

by silicates. 

3 



Fitire 2 shows the distribertion o2 1.iabase in the region surrounding 

Dillsburl. The main mass of diabase is continuous to the south with the 

3( nile lon, apparently conformlble body krown an the .14Sysb-r sill 

(Stose and Bascom, 1929, p. 11). lestward this large intrusive mass 

forsms a rin:7 almost completely enclosing V-, 1 area of sedime,Aary rocks 

rr3ar nillsburg. A small oval body of diabase intrudes the se&me:Aary 

rocks 7ith the ring of diabase, as can be seen ir the larger scale map 

of the Dillsburg district, fiTlre 3. 



. 1.n 2. leoloric map of northwestern York County, Pennsylvania. 

'3e° fiT,ure 16 for structure sections AA', BB'. 
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Figure 3. Geolcric map of the Dillsburg district, 
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PETROGRAPHY OF TIM DIABASE 

Definition of Diabase 

To avoid confusion it is desirable at the outset to clarify the ;;s0 of 

the term diabase. As used here diabase includes hypabyssal rocs of ba-iltle 

composition having ophitic or subophitic texture commonly called iolerite by 

writers outside north America. Althoulii the term now tends to b obsolete, 

7aropean writers have reserved "clialAse" for altered dolerites and pre-Tertiary 

rocks of basaltic composition whether hypabyssal or volcanic. 

Field Character 

Normal Diabaqe.- The normal d-tabase of the Triassic basins of the eastern 

United States is an exceptionally uniform rock type. It is commonly - a gray, 

medium--Tained rock of uniform texture. Fresh white feldspars laths inter. 

grown with dark grayish green to black pyroxene, plus scattered black metallic 

granules of ma7netite-ilmenite can usually be identified readily by the naked 

eYe. The rock of the more quickly cooled smaller intrusion or the borders of 

large bodies is correspondingly larpr, finer-grained and more dense. 

PAL2sLiggalliad.. irregular masses of very coarse-grained diabase as much asb 

several feet thick arc scattered throughout the upper portions of the larger 

masses. From their appearance, occurre. , ce, and 3enesis they are usually given 

the name diabase pegmatite. Milker (1940, p. 1065) writes of them as 

"pegmatite achlieren". Characteristically the pyroxene crystals are long and 

bilde-lik, attaining lengths up to throe inelhos. T o pyroxene usually has a 

bronzy luster and in many crystals twirn4 ' ; on (100) Is visible. Sore of the 

crystals are noticeably curved. The material between the pyroxere blades is 

chalky white feldspar, sometimes with some pinkish patches of orthoclase (7) 

and a little visible quartz. The third most conspicuous constituent is linen. 

ite-magnetite whose peculiar sketetal habit is visible lith the aid of a hand lens. 



GranonhYre. Granophyre is a less common rock type than the diabase pegmatite, 

but it is known at several localities. The occurrences of granophyre in the 

Dillsburg district are shown on the accompanying map (Fig 2). The masses are of 

Irregular shape but tend to be elongate parallel to the Ion--; dimensions of the 

enclosing diabase body. As Stose and Jonas (1939, p. 27-130) have pointed out, 

they lie within but nenr the top of the diabase and under a cover of normal 

diabase. 

In striking contrast to the gray diabase t'le granophyre is of a pale pink 

hue. The coloration is due to pink feldspar irtergrown with quartz. Elongate 

green nrisms of pyroxene and/ hornblende plus some black metallic grains are 

likewise plqinly visible. The grain size ranges from fine to coarse. Miarolitic 

structure was observed in speoimens of granophyre from sore of the localities. 

The miarolllc cavities range in sise from barely visible openings to spaces about 

an inch across. Projecting Into the openins are crystals of feldspar an quartz, 

fibrous masses of hairlike amphibole, and small octahedra of magnetite. !To 

raiaroUtic structure is present in any of the granophyre cut in the drill hole. 

The r.Trahophyre here is also somewhat finer-grained than that commonly seen at the 

surface, 

nescription of Relations in the Drill Hole./ 

The units described in thA section are summarized schematically in figure 

4. The location of drill hole 3, the core of which furnished this detailed 

section through the granophyr3, is shaan in rigure 3. 

./ All foutages in the following descriptions are measured from the upper 
contact of the diabase. 



The top of the diabase in contact with the overlying metamorphosed seA.-

mertary rocks is dark and very finely crystalline within a foot or so of the 

contact. The grain size gradually increases and the color lilhtens somewhat 

through a zone 25 to 30 feet from the contact. Comnared to the rock in the rest 

of the drill core this zone cmstitus the relatively fine--Tair!ed„ rw)idly-

cco]ed upper chill fades. Within the lower part of this chilled zone and con-

tinuir; down to about 58 feet below the upper contact the diab'se hns a some 

hetereneous texture gith a meshwork of slightly eaarse-grrAned material 

ramifvig through the medium-grained rock. The coarser-grained material is also 

consnicuous because it has mo .m feldspar and sketetal ite-m12etite grains 

are confined to it. The coarse-grained meshwork gradually fades out in depth 

and the diabase is dominartly medium-grained. 

from a depth of about 58 feet the diabase is uniform in appearance but 

gradwUly increases in sraL: size. 'ithin the uniform roe- t' ere are occasional 

local coarse-grained Layers 0.5 to 2 Inches thick. The boundaries of the layers 

are 11,-,t shtirp but fade out by a 6ecrease in grain nize. Here and there the 

coarse layers show a teAercy for crystal Irowth at right angles to the borders 

of the layers. 

At a depth of about 179 feet a zone of very coarse, pegmatitie diabase 10 

feet t'l:'ck was encountered. In the lo,nr 72 feet some distinctly pinkish feldspar 

is appare-t. 

Medium-grained granophyric diabase occurs below this pegmatite zone. It 

differs in appearance from the normal diabase in the presence of several percent 

of pale pink feldsnar. Thin diabase changes downward gradually into pink ;Taro-

PhYrn. The top of the granophyre is talzen somewnat arbitrarily about 211 feet be-

low the upper contact of the intrusion. 



F1 - 1.ire 4. Schenatic rerrf.teel. tat:!.on of drill hole 3. 
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.7,rarophyre is distnctly phle pink. It is eo,silera'Ay finer-i:rained 

overlyi diabase a1 '13 a -,oticeably bier mafic L . raI corent. The 

megascopically visible ma ics are light c:roe. ryroxe:.e ad uctallic grains, 

some of which on microso-ie cr.: Ination proved to be ilvaitr. The pyroxe,)e 

definitely tends toward prismatic dev.7?1on.,,e-t, and oceasi-)!a: Ion:, plumose crystals 

are visible. The black "meta lics" also tend to occur as elon7ate . The 

lower b,undary is trs-sitional nd t'cs lirit of true granophyre -.7as taken 

arbitrarily at a depth of 318 fe/tI the Tra,onhyre zone is thus about 107 feet 

Below the (Tanophyre the diabase does not rapidly res-J.Je its normal asnect 

but 9ver a distance of abo t 50 feet cfmt,ins visible pink feldspar. Toward the 

very bottom of the drill hole the diabase is normal in ,I)peara:ce, but th - lnst 

5 feet drilled also showed s-me matertal with considerable pink r-'dsrmr. It is 

possible that more „Tralop:iyre lies below the depth lenetrated by drilling. 

Petrography 

ihl aetr-ele,.... The rock of the chill zone is holacrystalline t-sogho7A. 

EVen that immediately at Lilo contact contains recognizable crystalline phases, with 

re Visible in1.erstitial Colorlcsa t: faintly greenish pyroxoe 

grown with laths of platoclase in typical diabasic or sbophitic 

./ True oWtic text7Tes in which augitc is in excess nnd occurs in large plzAcs 
inclosin,1 laths of plalioc;tase are preteally nonexit in these rocks. 
post have a suborhiie (Krokstr/m, 1933a) or (1.1absic texture where tIc augite 
fills the interstices between l'Ith-s'A . ed cryst!Cs of plagioclase (JoTh.7nsen, 
1939, p. 2 7). 

https://l'Ith-s'A.ed
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Ory,}crle "-,ren - 1 t1 fv.gular tr) sabanviar scatiAlred unir:.rmly 

throulh te rock an,1 incl -,led in r plagLiciase and mroxene. A sne71 a-onnt of 

1-tz occupies te i-terstices bet-leer earlier crystallizin:: corstitIlents. A few 

microphenocrysts of pyroxene are visible ns well as rouniisL nasses of felted color-

less arpl'oole ard Trnnules of 7;--:-etite nrobably are secondary after oTivin. 

Filo..roe actiioi1tic anphibole replaces some of the pyroxere, and a few scattered 

flIkes o biotite are preset. 

The averar in size of of tl-ir chill z-)ne at the contact is about 

0.1 mm. Three feet from the contact 'C,e rain size increases to an average of 0.3 

mm. and 15 feet from the c)ntacf the 7An size roaches an avorage of 0.5mn. 

Some thin sections frm the lower part of tho chill zone shw thnt the diabase 

has under - one slLht hylrot-erria alteration; the pyroxene is partly clouded lith 

flaky sericite and unidentified submicroscopic material of la/ birefrinence. The 

rock is trarsected by occasioral. thir. -TerThts of chlorite, and scaly chloritic 

materi.al occurs as a late-cr7stalliz ng mineral interstitial to the earlier 

pla7i..)clase nyroxene. 

Diabase 7ath Coler Fatrix.- The heteroeneons texture seen mef:ascopically in 

t'.e drill c 0 specimers is also annt in thin sections under the microscope 

(r17. 6). The -,:rAn size on te everale is ahat 0.2mm. The F;Priv- ulty of the 

Course” shows more variation fror section t, section, the ge-..eral range 

in grain size being from aholt 3.0 to 4.0 mm. Crystals of th c.-)arse areas aA 

finer-7rained matrix interlock across the otherwse abr-t 177.1_viriary. In no case 

does coarse-Trained dinbase appear to be filling defaite fractures ir a ^er 

rocl:. Both the matrix a-,1 coarser meterial noasesses well-developed diabnsic 

texti)re. 

https://materi.al


Fi7ire 5. -Orme' diabrIse, 12 foot below r.7 

hole 3. 1'; pyroxenc, px; tita! oma,Tneti.te, 

f'ror phr4Ticro,7.ar. On:Unary -1111t. 

.'igure 6. Pegnatitio area in fine-grained diabase. 'Tote abee - cc 

of well-definod boundary between diabase a d negetltite. 

1,‘rom zore wiith coerse-:7airied network in fille--7L-uined 

diabase, 0) feet below urprier conticts drill. hole 3. 

P; pyroxene, Px; micropetIte, m; chlorite, 

cl; titanorngnetitet black. Sketched from phatomicrIpb 

Ordinlry 

https://phr4Ticro,7.ar
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Characteristically the plagiiclase in this :on3 all shows more or less 

alteratior, especially in sac of th. co)rsor-7rained areas. In addition some 

micrope711:itic intergrowths of Tartz an(; t rbid alka-dc feldspar make their 

apnearanoe in the coarser material interstitial to the plagioclase and pyroxene. 

The pyroxene has a faint brownish tin-!e which it 3oes not possess in the over-

lying chill zone, and many crystals have a patchy development of (001) parting. 

Two kinds of pyroxene, a gie lnd pigeonite, are present. Aw;ite shows some 

replaceme:t by uralitic amphibole, and some interstitial green chlorite is also 

present. 

Opao. e ores are seattere3 through the rock and a„-e especially nrominent in 

tic coarse m-terial. They form large skeletal or grid-like crystals interstitial 

to the pla,_;iocle_se and pyroxene and in part interlrown with the pyroxene. 

Iormal DIgheal.- The norml diabase is very uniform in texture throughout the 

entire section cut by the d'amond drill. Its grain size is very constaLt, 

averaging about 1 mm., with a tendency toward an increase in the lower part of 

the section. pyroxene (augite and pigeonite) and plagioclase are intergrtffIJ in 

typical dirJbasic texture and there is some interstitial micropegmatIte. (Fig. 5). 

The plagioclase is mostly fresh but every section examined showed at least some 

turbid alteration of parts of some crystals. Brownish augite with a characteristic 

fine parting parallel to (001) is intergrown polysomatically, the individual 

crystal members of the mosaic having different optical orientations. Besides the 

brownish augite there is colorless pigeonite which in part has '_verted to grayish., 

green hypersthene. Skeletal magnetite-ilnite crystals are in all cazeS present 

as a minor constituent. 
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The downward trasition from normal (F,A::se to diabase pegaltite is heralded 

by an increase in the amount of interstitial micropegnatite, severe alteration of 

the plagioclase, a:1d developmert of rims of hornblende about the augite. The toxt 

remains tl- o sane ard the coarse pegm• tite cones in ah-uptly with little or no real 

gradation from the norml diabase. 

Piahaso Pagmatite.- The diabase pegmatite differ.. 'ormal diabase in its much 

co,Traer grain, hypidiomorphic texture, and alteration of the primary minerals plus 

a larger amount or interstitial micropegmatite and coarse, skeletal crystals of 

timenite-magretite (Fig. 7). 

Purplish-brut- augite which tends to form elongate crystals avera7,4..ng over 

In length a reaching a maximum in excess of 7.5mit. is the principal pyroxvne; lesz3 

than 5 percent of original pigeonite is present. The crystals are mostly single 

individuals rather than polysomatic groups. any are. twinned on (100), all have a 

well-developed 001) parting. The pyroxene has reaction rims of brown hornblerde 

where it is in contact vith the interstitial micropegmtite. 

The original large plagioclase crystals (average length, 4mill.) are no mostly 

turbid with gray alteration products; only the central portions of the largest 

Crystals are still clear Ind fresh. 

Opaque ore is abundant in large skeletal crystals some of which are intergrown 

with an :77J-lded on plaglioclase and pyroxene. Usually it is accompanied by green 

to brownish-green stilpnomelane (?). Besides the primary skeletal ore there are 

blebby gralns of maf,,netite associated -lith the hornblende reacLior rims around pyroxene. 

Apatite is abundant as long, acicular prisms. 



Figure 7. Diabase pegmatite, 184 feet below upper contact, drill 

hole 3. (Thin section is fron same specimen as analysis 

465.) Plaioclase„ p; pyroxene, px; hornblende, hb; 

micropegmatite, m; titanomagnetite, black. 3ketchd from 

photomicrograph. Ordinary light. 

Pigure 8. Transitional granophyric diabase. !Tote abundal'ce of quartz 

(cicqr„ irregular areas) as individual Trains and in micro-

pelnatite, and generally altered character or the feldspar. 

Chlorite veinlet in upper half, clear veinlet of albite in 

so-thst,quadrant. From lower transition zone 337 feet 

below upper contact, dri.71 hole 3. Plaeociase, p; pyroxsne, 

px; hornblendsl„ hb; m'.cropegmatite, m; quartz, q; chlorite, el; 

stilpncnelane, et; titanomagnetite and ilvaite, bJek. Sketched 

from photomicrograph. Ordinary light. 
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Tr4nsitional QranophYric Diabase.- (Fig. 8) The rocks from the traretion zones 

above and below the granophyre bear a closer resemblance to diabase than granophyre. 

Texturally they are similar to the normal diabse. They are composed of purplish-

brown clLnopyroxene intergrown with plagioclase, but contain no pigeonite. Inter-

stitiil micropegmatite is abundant and increases in volume toward t:le granophyre. 

The plagioclase is invariably gray and turbid with alteration products, but 

the o,tlinen of the original large crystals are clearly visible. Aeaction rims of 

brovn and green hornblende border much of the pyroxene and locally aholly replace it. 

The pyroxene shows partial bleaching to pale green and an aboence of the prominent 

(M) parting adjacent to the hornblende. Near the granophyre small amounts of 

darker green pyroxsne (hedenbergite) occur as elongate, ragged crystals in the 

micropegnatite. These appear to be the same as the pyroxene which characterizes 

the granophyre. 

,ite-magnetite in irregular, .7,1-elota1 grains is plentiful. Aecular 

apatite is an abundnmt minor accessory. Substantial amounts of stilpnomelane (?) 

and other chlorltic materials occur in irrefsular masses interstitial to VI ether 

minerals. 

The change to truegr-nophyre from a rock with many of the characteristics of 

diabase yet mith features also possessed by the granophyre takes place abruptly, 

that is, 4iihin a distance of some 4 feet. The rapid chan,-;e is more apparent in 

thin section than megascopically. The amount of pyroxene rapidly diminishes, the 

brownish variety with the (001) parting disappears and gives way to the pale-green 

bedenbergItic pyroxnne which characterizes the granophyre. One of the most 

*octant changes, of course, is the great increase of micropegmatite. 

12 



Granophyre.- As the rare implies the texture of t' L. rock is gra-ophyric, that is, 

the euhedral to subhedral feldspar ancl pyroxe-e are set in a matrix o" micro-

graphicllly intergrowq quartz a..d feldspar. (Fig. 9). Sore of the quartz is not 

microraphically irtergrown with feldsp!tr but occurs as individual anhedral grains. 

The crystallinity is more variable than in the normal diabase, raneng from about 

0.20 as. in the finest-grai'ed rock to nearly 0.0 nY. avera-m grain size. The 

granophyre is finer-grained in -;ereral in the upper than in the lo-,er part of the 

layer. 

Feldspar, quartz, a:d hedenberj.tic pyrexene are the mineral con-

stitlests. The euhedral, plagioclane is gray and trbid due to uT'-ration. In 

many instnnces it is in opti-al continuity with the feldspar of the micropegmattte, 

4hich often completely surrounds a lrth of plagioclase. The pyroxe,-e is much less 

Plentiful than in the abase, amountirT to only about 5 nereet. It tends strongly 

toward an elontate or plumose development, and some crystals have lengths a score or 

SO times their width. Yost are unaltered except for local repIncem t by hornblende 

or fine'y crystalline scal:, (Teen stilpnomelane (?) along their borders. Uslially 

they enclose sow granules of marletite. 

Opaque Iron ore in irregular skeletal grains is the mast prominent minor 

accessory. Associated with At is the hyetrous calci'm iron silicate, ilvaite. Scaly 

Peenish masses of stilpnomelane (?) are also common:occurrin7 in Tart with the 

interstitial micropeTletite an! r,rten ,-ith the ilmenite-ma7netite. 

Besides these mineral ftccessories there are ubiquitous but snail amounts of 

acicular apatite and occasional grains or enidote. Calcite, interstitirl to all the 

Other minerals, is occasiona'ly seen. A few grains of colorless zircon have been 
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mimEnALoGY 

Olivine 

Olivine occurs only in the chilled border facis of the diabase. It is 

present in the quickly cooled contact zones of th., diabase masses, si,ch as the 

sheet overl;r11-7, th- see':Ieltlry rocks at Dillsburg and on the contacts of the 

main intrusive. -o concentration of olivine has been renorted toward the bottom 

of th ttysburg sill like that near the base of the Palisades 3113 in l'iBW Jersey. 

Uteration has completely destroyed the original olivines in the upper chill 

zone of the rein diabase. However snecimens from the chilled lower border of the 

man Gettysburg sill and the base .f ,he offshoot from the main sill near Rossville 

have relatively fresh olivine. It is reasonable to assume that the composition 

of these olivine crystals is 1;7,0 sariq as the altered olivires wh'ch crystallized 

early ad were trepned in the upper chilled zone of the lower diabase. 

The "fresh" olivine granu es forn trregullr or rounded micropheoerysts 

hayLng an average diameter of abolt 0.3mm. and rarc,ing from 0.3 mm. to 0.5 muk. in 

diotor. They are colorless and nnzoned. All shoni nt least slilht alteration 

to ma7netite, chlorite mterial, and .sernentine. Because of the scanty amounts 

and small size of they crystals, the olivine was not serqrated for refract ve 

Index determinations. The optic an-,0 is negative and is ver-7 constant at 87() 

4 2°. AccordInr to -Tager arvi. Deer's din,lram showlng varintInrs in -ampositIon 

and onties1 properties or ti e olivire series (Wager ant-! Deer, 1939), its composition 

Is ease to Fo the same as the olivine occiirinll in the chilled zone at the 
80 Pk20' -

bottom of the Palisades sill, Calker 1940). 
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Feldspar 

Plagioclase accounts for about 47 7lercet b- volume in the chilled border 

facies, from 45 to 50 percent in labase, and about 1,(1 7ercent in 

the 7'anophyre.-*/ 

./ If t',e plaTtoclase 1ergrowr wi.t11 vartz in nicropeTlatite were included the 
amount would be c)nsiderable higher. II r, the micropeguatite inter7owths 
are considered as an individual mineral constitent in itself. 

Th o1ai3ioc1aso 2 feet ft t.1(7, contact is sliht zoning of te normal 

tyro 1.th an avera:T composition of ay •t Ano; (labradorite); the most ealcic 

plmioclase measured is about An70. In the zone of fine diabase v1th coarser-

gained network, the plaioclase of the finer-7,rained portion is laLradorite 

(composition An(,0_65); the plaloclase of the coarser network shows more nro-

nounced normal zortn with a. ran-'e of from An55 in the cores to abort Anlo for 

the rims. The composltion of plaloclase in rrtively constant -1:hout 

the 7,orrAl diabase; it is labradorite (An57, to An67) averaing about An62 and 

exhibits normal zoning. 

Although the plajoclase in the diabase pegnntite is largely altered, there 

Is a central area of clear feldspar in the larger individuals wth the composition 

of labradorite (ea. An55), the same as that in the coarser networl: in the heter-

ogeneous diabase just below the urper chill zone. 

Much of the feldspar in the rocks fror the transitional /.;tanophyric dinbase 

is so completely sericitized and kaolinized it is difficult to determine. Hovever, 

sore of it is fresh aA optical data irdicate that it is andesine (An45_47). 

7Tormal zoning is obvious in the larger crystals, .1ith cores about An45, the 

oater parts An35. 
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All -Cle fe1,7spar in th ITra-:ophyre s t rid a.. 1 :any 4rains are conspicuousl 

nor.r,J3 7,1th :Tay cores s7lrro nded by a rii o. sonel/h..t da7-.- er brownish feldsfl-r 

ceArlinn!, an a' undance of almost submicroscoric hematite. Albite twinnin:: and 

cTmbined carThbad-albite t7inn1-z ire ecrion, b‘:t albitr tlinning is not as 

ca2rl.y develoned as in diabase. The -ims are orttcally corf.irus /ith the 

bro-rnIsh feldsnar which forrs n!.crogra?hic inter7ra7ths with quartz. This brownish 

• .r usually sh:-.ws .11 -7ri'iron tainnir:. From optical data.()chessboard or 

the rlaliclase was deterined to be albite to olt -:ocl?sc (An5 to An15). 

Micrope:Tnatite 

In the normal cliabse interstitial ric-ographic irtergrowths co-stTt te a 

small part of the rock. icropel—atite disappears in the upper chilled zone ad 

is reset only in th,coarser-lrained material f-)rmin:_l the r.etworl, in fine-;rained 

diabase in the rock bz3lo-.7 the chilled contact zone and overlying the normal diaLase. 

Quartz a-1 micropepatite are more abundant in rock from the transition sores and 

diabase pegmatite than in normal diabase, and in the grano2hyre they assle the 

role of esse- tial constituents. 

The rAcropegmatite occrs in the inc s'ices between the earlier-crystlllized 

cmnonents of the diabase, pla7ioclase an3 pyroxene. Some of the quartz occurs 

alone bu' LOcrographic irtergrwiths with feldspar are the rile. The exact 

com,,os 7 tion of the fedarlar is not known because it is so fine-,711- ed lnd clouded 

with submicroscopic i-clusione that it is difficult to obtain ace, rate o-tical 

data. :;ith crossed nicols patchy, discontinuots albite twinning and some pe:-icline 

twinni ; can be seen. This and the fact that in many places the feldspar is in 

Optical co-tinuity with ear- 'er plagioclase crystals indicates t'-at it is nrobably 

a sodic pla3ioclase. Analyses (Table 5) of the normal diabase a d diabase 7e4matite 

(whIch has an abundance of micropeimatite) show that soda is clearly domi-ant over 

Pot-sh, suggestin,-; that the feldsplr is sodic pla7iociase cont,li, inl a hi,:;11 content 



of the potash feldspar molec')Ie. 

In the gra'ophyre th9re is nnch :cr,petite wh;_ch is so abundant t' t 

in many instances it completely surrounds ear_'er feldspar cr stqls ir such a 

7/ay tat the earlier crystals stand as e'hedral islards surr,ured by a "sea" 

of micropegnatite. The feldspar of t icrope3matite in such List . ces is 

optically continuous with that _14 the *islands". Th Tartz of the microraphic 

intergrowths is also olltica ly continuous over Il_de areas, anl in sone cas.=,s has 

t'e same orientation as quartz wh'ch nay be inter3rown with C),: fellspar cores. 

'Tot all the quartz is confined to intergrowths with 'e'dspar. Much of it occurs 

in arger discrete grains each havin,; a different orientation, and is more 

abundant than the feldsnar wh*ch lies between the grains. In the granonhyre the 

quartz a-,'; micropnmatite are of hater crystallization than the pyroxere and 

p1a7i c7ase. 

Aeasements of thin sections show that the ratio of quartz to feldspar in 

the micronelmatite inter'jrcraths is very constant thro• -hout tie drill-hole section, 

whet ir the intergmyth is in dial-ase or grarophyre. In general, as Table 1 

sho75, the proportion is about 4 02artz to 6 feldspar. 



Quartz-feldspar ratios rJicronezat' te71. 

SneciNen Percert Quartz Percent Feldspar Kock 
(voLme) (volume) 

333 45.5 54.5 liabelse with coarser 
, etwork 

409 44 • 55.2 Tiabase 

465 57.8 PeTmatite 

39.0 61.0 Tra sitional 
nopl-,:,rric 

39.7 60.3 diabase 

560 39.3 60.7 
Gra-, ophyre 

601 40.3 59.7 

:iveraze (volume) 
weight) 

40.9 
41.4 

59.7 
58.6 

Pyroxene 

Pyroxplv of tIle 112221., Chilled, Zone.- The sin,p:le varlet? of pyroxene in the urp-r-

most microcrystalline chIlled-contact fades of the diabase is colorless amite. 
Ae 

The o,ctical data are g:Iven in Table 2. Pigegonite, t!'n low-lime cliropyroxone is 

first recognized in the lower part of the chilled zone. It is colorless and 

characterized. by a very small or-tic angle. Both augite and pironite are colorless 

and intimately interrown so that a grain which under ordi.tary il:;ht apnears to 

be a single crystal of auite may be made 1r of both au rite pileonite. 

is the more abundant variety. 
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Pyroci-Is of th:, -arm:11 Di-.base.- The rost abundant variety is augite aLich has 

a '',..-.3tiretly purplish-br07n hue, sl...,,,gesting a sma- 1 amount of titanium in its 

ccm-osition. Fire]y-spaced partin; parallel to (001) is a character istic feat. 

sin,; tic oil i. nersior lens it can be seen t';at there are minute ;rains arll 

plates or a black to dark-brown mteral, possibly rutile, or ilmerite, lying along 

these nartinv,s. "Hour--;1.,ss" zoning is rare. In some cases the augite is 

twin-ed on (1)O). The optical data f r the au;ite are listed in T1.1.1e 2. 

Pileonite as such is scanty in the normal diab-tse beneath the chi 1 zone. 

Its f)rner prese-.ce is indicated b irre7Ilar greenish-gray, finely striated 

masses inter;rown with the br-vnish adite. Under ardinary light these masses 

appear to be comosed -)f a Treen:sh alteration product. However, they show 

sharps smorth, thou-,h irreTular bouniariPs against the augite and under crossed 

nicols fire lamallae can usually be seen. Tieing high magnification, one sees 

th-t the lamellae, tho-,;-h still very narrow, all have ti- same o .ti al orierta.. 

tic), are usually optically continuous with the enclosing augite. They also 

have same birefringence an the allgite. The greenish-gra:, -laterial bet7feen 

the laAellae is optically continuous but has a different orientation than the 

lamellae and a corsiderably lower birefrinleice. Unfortunately the lamellae and 

beterv -fl.nc: areas of hoist mineral are too closely spaced and too narrow themselves 

to 07-i1e interference f1.1,res to be obtained from them. A few of these greenish-

gray masses have some clear unaltered p-1,1-ea- ite in them. Apparently these altered-

appearin° patches were originally pigeonite which crystallized with U.e 

Their lo7-birefrinclert host is probilb- y hypersthore. ,00ling of the in-

trastve the clino-pyroxene 'Lamellae wi-re exsolved from pig- onite ari the pironite 

mlbseque,tly inverted to hyperstIlene (Hess 1941, p. 5gC-581). 
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3ecause of the scarcity of fresh pigeorite no index data were obtained for 

it. Meas,:rements of its crtic angle dhow it to be wall, but larger thrIn tat from 

chilled facies, 2V is variable but averaes about 18°. The optic plane is 

Rlrpendicular to (010). 

Some rep17:ce72.A of nuite by lirnblerde has taken place, especially alorv; 

the edges of 1:., e crystals. The replace:lert is invariably accompanied ki bleaching 

of t.e augite giving irrel...11ar, patchy areas of colorless to very nale green 

pyroxene flecked 7TWI small plates of pale-green hornblende an devoid of the c1ose-

37CO (001) pa-ting. The colorless au.7ite is optically continuous with the 

purrlish pyroxene, ane apparently has SREC inlex of refraction and optic anle. 

frcne of the relratite.- rost of the pegmatite pyroxene is a distinctly -,,rplIsh-

brown au;ite, whIle there n-pears to have been only about 5 percent or 7ess ori:!Anal 

pigeorite. 

auite is irterlrown with the plagioclase in are euhedral crystals many 

of 7ealch„ are elon..7ated parallel to "0, with lenT:th several times their width. The 

elon7ao crystqls are counonly twinned on (100) which, together with well-developed 

(001) 2artIng gives them a distinctive rfherrinlbone" structure. The original pigvo-

_ crystallized with the augite is Inverted to hy7ersthene exsolved 

lamellae or clinopyroxene. It appears ns small greenish-gray areas within the 

brown an ite. 

Hornblende partly or sometimes wholly replaces the lite and occurs as a 

reaction rim betweer the pyroxene and inimrstitial m!,cropp,gmatite. 



 

PYroxene 21: the Transition Zioneq.- Throu!,1-1,1,:t most of the transition zone only 

one species of pyroxene is found. It is a r r-lish-brown clinopyroxene (saute 

to ferrosalite in composition) similar in general appearance and habit to Vlat of 

t'..1 normal diabase. lo pigeonite was found and no relics w''ich mitt be interpreted 

as havng mice been ,i_geonite were see-. Ha/lever, in th- ,;ranophyric diabase a 

fe7: feet from the granophyre there are, besides the purplish-bro.rn pyroxesie, a few 

sma'1, scattered, cr:stals of relatively 1%te crystallIzation wl-ief are clear, 

gree-'s11 and look like the hedenbergitic pyroxene in the granophyre. 

jniike the auite of the :-.ormal diabase, many continuous areas of pyroxene 

In th transition-zone rocks are aCtually mafie un of seve.-al individuals of differin, 

orie ;,-tion. This structl.re, wl,*ch has be' .Aled polysomatic by other writers, 

Is more - ommon in the bier part el the tra.sition zone. Occasiona ly a crystal 

of pyroxene is markedly curved; the bending took place (Lrill7 groath becase there 

is no evidence of def -rm:Aion of the s' rroundin7 fabric. 

Yost of the pyroxe e crystillized more or 'ess sirultaneously 17.th the 

Tilad.oclame, but some of it continued to grow after the feldspar had ceased to 

crystallize, so that it rrocts into the interstic-s in which micropegmatite 

crystallized silpsecrently. Similarly, most of the augite finished its crystallization 

'before the maInetite-ilme-ite began, b t there was se overlap so that a little 

of 2yroxere is partly inter7roun with the metavics. uc" of the pyloxene is 

partly replaced by hornblende ant' is locally bleached from brown to nearly colorless. 

There is no evidence that the clear green hedenbcrlitic pyroxene which a2nears 

in the tra-sition-zone roc-- near V.e granophyre as any genetic rel'Jii.:8nship to th 

brownish nyroxene. The hedenbergite cores in abruptly an she..Ts no intergrowth 

With the brown pyroxene, but appears to have crystallized somewhat later. 

21 
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F7roxo=w ibs;, Granophyrc.. Even in hand spocimer.s it is IvareLt th'It the pyro-

Tranophyre is differe!it fro:: :ite of thn diabase 

In thin section the pyroxne is a pale-..Treen, faintly pleo&roic to 

n,y7Ly colorless hcdenbergite. An elongate to plurDse development is charcteristic. 

,e crystals are elan ate, hi ,hly !_rreular, and poikilitically enclose 

earlier L-,insras. (See 1-717.:. 9). Some consist of several relatively small indi. 

vidual :Tains in optical contin%ity. 

Thrhout mo3t e the section of 7ranophyre th- -.1yroxene is remarkably fresh 

an: ccir except for some small inclusions of opaque are. In son cases there is 

rop1ace:7e-t by hornblende and to a minor extent biotite, bIA it is not until the 

10t part of the zone is renched tat alteration to hornblende becomes 

t. Here there is partial replaceriert by etsrald-lreen hornblende. 

Oomrtositiorl of the P-roxene;.. The approximate compositions of the pyroxenes 

expresscid in molecular proportions of -rollastonite (Ca3103), enstatite (5103), 

and ferroailite (Fe3103) have been determined from their optical nronerties. The 

refractive indices were determined by the immersion method rsing monochroma 4 ic 

light from a sodium vapor lamp. The size of the, optic angle was Tneas' red with the 

universal stage. Unpublished data by H. H. Hess correlatin cora-position 7ith 

optical pronertie.s were used to arrive at the approximate composition. The index 

of B, is nerhaps the most atsily and accurately determined antic property, 

wits plotted against 2V. It is known t!,at the antic anOtt is affected ,lomewhat by 

the nres-,nce of minor constituents s ch as A1203, therefore the com)ositions as 

Plotted are only apnroximate but they are suitable for comparative purposes. 

The optical data are summarized in Table 2 ar,c: the compositions are plotted 

on a trianTaar diagram, fiTlre 10. 



The n:roxe-e fr-3m the unpe- 11A- 1 zor( ;n tively aulite ('To. 2) 

Th'3 ray be connared 7t the pyroxene from a s-,ecimen then a short ';st?.,ce ab 

the basal c,ntact of the Gettysli rg sill (lo. 1). The cm-osction of the latter is 

f3omedat hi her in En tha- thf from the un-)or chi led border. 

The composition of qu7ites (los. 3, 4) in snecinens from the normill diabase 

zone fall in the same ge-e:m1 position an the diaTram as the pyroxenes fron the 

chill zone, except that the pyroxene (lo. 4) from the lower part of the normal 

diabase zone is slightly richer in iron. The optic a:-:les of these a' 4 other 

a..'71tes from the normal diabase a:e a little large an noticeably variable even 

in a crystal, yet there is no visible zo!i14. Values ran-se l'rom 450 to 

60° and average between 51.0 and 960, the Interior or the cryeala having a smnller 

TV than the outer part. TMs v-,riation may be due in part to A1103 or Ti02, which 

are kno-.7: to affct 2V. The pyroxene has a definitely purplish-bro:71 color ThiCh 

is characteristic of titaniferous al_17it6s. 

For comparison an analyzed pyroxene from the 3kaergaard intrus've (lager and 

Deer, 1939, p. 152, 3kaer.;aard VI) with the same gereral optical properties as 

th 1.:ite from the normal diabase and chill zone is listed in Table 2 ani pltod 

on f.re 10. 

Beca.se of the scarcity of fresh pigeonitP no index data were obtained for it. 

Its optic angle Is small and variable but averaTs about le. Ness has noted 

(19412 p. 585) thlt "...if a line joining the two pyroxenes of a given specimen 

be extended upwards to the En-11/0 cowoosition line it -dal intersect that line at 

aPproximately En25-N075..." and "...it Inay he used to predict the composition of 

one pyroxone...if the other pyroxene he known from chemical analysis or by 

determination from optical prOperties..." If we apply this rule of thumb, the 

approximate composition of the pimonite accomnanyin:.; the augite is obtained. 

(See 10). 
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10. Triangular diagram showing comnosition of the 

pyroxr-,es in moincular percent of wo11:3stonite 

(CaSiO3), enstatite (W7S103), an,J ferrosilite 

(FeSiO ).
3 
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The optic angle of tl:o nyroxene from the drill hole pe7matite (no. 5) is 

lare (2V - 590), -hich places it on the dio-side-hedelbersgite join (salite). It 

is hiher in line and iron than the pyroxene of the normal 'Hal:rise but loaer in 

iron then similar-appearing pyroxene fror the transition zone. Although the re-

ft.Ictive indices are similar to those of an analyzed pyroxene (1)11-3) from a coarse-

giai/md diabase dike from the Dillsburg district, the 27 is larer. 2ho atalysed 

mineral (DU-3) 77ith ?V 2 43-w ° is au rite lying or or near t'c augite curve of 

Hess. (See Fig. 10). 

an the basis of their optical properties the pyroxees from the transition 

zones are ferrosalite and saute (1os. 6 and 7). They consistently have o,rtic 

angles in t',o neilhborhood of 6r°. They are a_so richer in the ferrosilite molecule 

than are pyroxenes from normal diabase an Its chill zone. 

The nyroxene from the granophyre ('roe. 8 and 9) is relatively rich in iron, 

lox in ma;:lesia, but hIgli in lime. Like t'-e nyroxene from the transition zones, 

2V is large (600) which, qith tL,index of refraction, Indicates a c-mnosition near 

the en' member hedenbergite. For comparison the optical properties of an analyzed 

pyroxene from some of the later-stl7e crystallization, products of the Skaer;aard 

Intrusion (*Tager and Deer, 1939, p. 77, Skaeraard V) is inclsded in Table 2 and 

its composition plotted o the diagram, fiTure 10. The indices of refraction are 

similar to those the granonhyre pyroxene but the optic an;:o as ;Iven by '?aer 

aid -)eer Ii much smaller, though according to its composition it should have a 2V 

of 'le-1r 60°. 7ager and Deer (1939, p. 111) have postulated that the h,Idonberizite 

was formed by inversion from (3 .-Nollastonite of the solid solution series CaSiOr 

FOSiO3. Bowen, Schairer and Posnjak (1933) have sh),n that it43 .1vo11astonite separates 

from melts in the system CaO-'FeO-310 and inverts o hedenbergite at temperature
2 

between 940° and 980QC. 



 

ilmenite-wznetite.- Ilmenite 'J te n-es o courses pmse:t throu:hoat the 

diabase a-'1 graLophyre but a: /ell as the -c.ture of their dev, lop-

ment vary in the different zones. In t'-i!n sectior both are onacpe to transmitted 

litt and cannot be disti-Tuished and so are 'isted as ore minerals, opaques, or 

ilmonite...magnetite. Polizthed surfaces of specf.Aerlo fro:-. (1,51ez of the principal 

zones of the diabase a 7 -,,ra Jphyre -/ere exa- ined in reflected polirized 117ht with 

a meta1lo7uphic m'croscopc. This and the use of concentrated hydrochl-xic acid 

etch t-sts made possible to distin-Tuish na:Tnetite from ilmenite. 

In the upper chilled zone tile .-etallic gritns ver:r small sn'i more or 

loss evenly distributed throu_Th the rock. Individual anhf,dr-a grains of manetite 

and HT.- Ate can be recognized but boca re of thcir small size it is not possible 

to tell whether the magnetite Is pure or has exsolution lamarae 07 ilmenite. 10 

ilTonite lamallae in r:aetite were observnds ly.A a few of the larger -Trains consist 

of in4 orkTrown limonite and manetite. 

In the normal diabase the size of the metallic grains increases. Ilmenite 

occ re in two ferns: as individual anhedral grains intersr)wn with tita%oma;netites 

and as very rime, exsolved lamallae and rods within titanonagietite. There appear 

to be about equal aunts of ilmenite and titanomalnetite. Most of the -Trains 

occur as local aggregates of intergrown ilmenite and titanomagnetites but occas-

sionaly as individual grains. The ilmenite and titanoma:net'te are r)ughly equal 

in arl)unt; the total intergrown ilmerite plus oxsolved limonite is in excess of 

mk;netite. The grains are anhedr11 and occuny a interstitial position to the 

Silicates th-)1 -;11 occasionally they arc irtergrown with an-' partly e closed by the 

outermost part of some ,^ the -1yroxeqe. They are usually algocia--,ed with late, 

interstitial chlorite with which the limonite may have a dactylitic or sub-sraphic 

interTrowth. 
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Titanoma7etite and limonite are m.)st abtndat iu the diabase pelnatite and 

tra7.sition zones. They occur intimately interirown with each other as lar7e anhedral 

and typical skeletal 'rodies interstitial to and molded or -yrox-.e ar 'Am! )C 11,e, 

hut in 7,art intergrown and enclosed by t'n•m. , ost of t11..! ore is na-tly inter:Town 

with late-stale silicates apd partly with micropeirritite; it occurs or the edes of 

the larp Interstitial miel-opematite a-eas tat thr bulk o the micro. 

peatite finished crystallIzilTg after most of the ore had been firmed. The ilmenite 

is pure and fret. from any exsolution product; charac1,eri.stica11y it sho7!s graphic 

interrowth with the late-sta-T silicates. The titanomaT:letite has an abundance 

of exsolved ilmenite as well-developed, f irly coarse lamallae. The proportion of 

(intergrown) is soewhat greater than titanomagnetite (about 6):40); the 

total ilremite is cosiderably in excess of :717;netite. In some or the lower trans-

ition zone ilmenite is present alnost to the exclusion of y:.a7letite. Patches of 

skeletal or ilme-lite are associated mith dark-Treen stilTromelane (?). 

The ilmenite bodies are usually separate from one another but show optical con-

tinnity in reflected light. These bodies of skeletal ilne:ite nay represent 

original ilmenite-ma Tletite intergrowths from which the malnetite has been removed 

by hydrothermal solutions. 

In the granophyre the ores are cnnsierably less abundant than i the diabase 

or t'.. transition zones. Ilmenite appears to be in excess of titaromaTletite eth 

Which it is intergrown in part; much of the ilmenite occu rs as snail individual 

loades. The titanomatite has biA a few very fine iamaltae and spicales of ex-

solved ilmenite. 



In contrast to tiv,. n.7n-mal diaLase 1:pe oros show a lonser period of-

crystallization -yth rea?ect et icates o' t e gra-,ophyre.. A rood many 

gratns are c'Impletely enclosed 1,, t e !7(7.1de -ber:rlte artals, many occupy an inter-

stitial position and are associated with ,ate silicates (ilvaite, 

stilpnOITIrl_ane (?), and other chlorite), an some -)^ th toie of ilmen1'.e-fra:netite 

occur in t micrope7,matite ../;Ich was t'e last coE-onent to crystallize. 

Minor Constituents 

AmAlibole..Most of the arphibole is h:Isnblende v0, c1, occurs as a marfral growth 

on th,, clinopyroxene nears to be the result of late atic or hydrothermal 

reaction. A li-Tht-'-xown variety is commonest ly,t green to bluish-sreen hornblende 

is also plentiful. The brow!: horn' lencle is free e tly bordered hrnblende, 

and .he two are optically continums an have the same extinction ale. In 

addition to the hornblende rims on pyroxene smill patches of bro-an hornblmde are 

found within the pyroxene where it is accompanied by bleaching of the pyroxene. 

Less co.lmonly a pale-green to nearly colorless, fibrous, actinol!tic amphibole is 

see. developed at the will) of th -yroxene and oriented parallel to the eleawlge. 

The amount of hornblende in th- diaba3o is a function of the amount of inter-

stitial micropegmatite. In the diabase pegnatite and upper hetero7;ereoua zone where 

micropematite lc more abundant thin in the zone of r-rmal diahase, more horn1;lelde 

is nrese- -ts a reaction product with pyroxene and is more abundant on pyroxene 

adjace-t to the interstitial microne:!matite. It is someelat more plentiful in the 

intermediqte zone than in normal diabase. 

In addition to amphibole derived from nyroxene t'ere is a small amount of 

acicular pale-green interstitial actinoli4a -Awl with micropelmatite which probably 

Is or late ma7matic origin. 
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In the granophyre proner, 11,71r7Aolenle is relatively scarce, t1'..o.gh it is 

:ore plentiful in the lower part of zone appreaing the lover tra-sition zone. 

Most of it is a blue-green variety whi_ch occ-;rs as small patches and blades in the 

hedenbergite, hut larger crystIls nseudomorphous after the 7Troxene are likewise 

seer. Prrer::lar, interstitial, felted masses oC fibrous b ue-green actinolitic 

hornblende re7lresent sne o7 1,1 latest crystallized material in grarophyre. 

Chlorte.- Chlorite is present throughout thr 1.iabase ad grarophyre, der:ved in 

part .y hyf'r t' erpal alteration of the e::.rler ferromag:esian minerals bit also 

occring interstitially to the -yroxene ani feldspar and frequertly In association 

Ts 1: etite-ilenite. 

In the normal diabase chlorite ocT-rs with the hornblende for-ed by hydro-

thermal or malmatic re ction w1t1i the pyroxene. It likel7ise occupies interstitial 

positions with respect to the earlier silicates and probalqy form.ld in th last 

staTs of crystallization o2 the rock. The optical properties of th chlorite in 

norml 'iabase as determined in thin section are: 

color: liht green (..) 2V et 15° (estimated) 

pleochroism: X, yellow; Z, l 'ht green; birefringence: moderate, ca. .022 

Chloritic material of another variety is presert in considerable abundance 

in the diabase pegmatite, the diabase from the transition zones aq,lace.t to the 

7anonhyre, and to a lesser extent in the graronhyre itself. It is interstitial to 

the silicates and usually is as7-,ciat,ed with ma 7etite-ilmenite and ilvaite. The 

skeletal ilmenite is intergrown with the chloritic material 7111ch replaces the maim. 

tLte )riginally intergrown with ilmenite. This "chlorite occurs i- irregular compact 

which are made up of a multitude of small scales or plates. any of the 

Plates a hexagonal outline and show fine color zoning in shales of Teen. The 

mineral has one good cleavage and a partim3 at right a-les to it. It shows the 
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following optical pro=ties det rmined in thin section an imme-sion liqbids: 

Color: dark green (-) 2V = C 

)( and9: 1.655 j .002 

Pleocle.oism: X, brownish yellow; 1.605 .002 

Z, dark green y .c4 .050 4 .002 

The ortical properties are sim!lar to those for stilpnomelane given by Winchell 

(1927), though the birefringence is somewhat lowe:. The appearance and general 

optical properties agree well with Shannon's (1920) description of stilpnomelane 

from diabase in 7ew Jersey. Stilpnomelane from granophyre has been described 

by Warr and Deer (1939, p. 189) but the indices and birefrtrence are consider-

ably hi-tiler than in the Dillsburg material. Hoaever, Hutton (1938; 1)45) has 

shown t'Tit the optical pronerties of the stilpnomelane group may vary consider.. 

ably with changes in composition. 

N 
Ilvaite,.- The composition of ilvaite gve- by Dana (p. 541) is HCaFe2 FeSi209. 

It Is recognizable in thin section only by its barely translucent character and 

markad pleochroism from dark brown to black and so can be easily mistaken for 

one of the opanue oxides. In polished specimens the ilvaite is easily recognized 

b7 its pronounced pleochroism and anisotropism which gives interference colors 

from blue or bluish-gray to rose or dark red in polarized light. It has a 

negative reaction to the ;sual reagerts, and is reflectivity is 1 -wer than most 

metaMes but somewhat higher tha: the silicates. 

Ilvaite is essentiall' restricted to the granophyre tho7h a small amount 

was observed in specimens from the transition zones above and below the granophyre. 

In the granophyre ilvaite is plentiful and almost equal to the amount of opaque 

oxides. Usually several grains of different orientation are intergro-m. The 

grains and masses are anhedral ,}-1 there is a tendency for the ilvaite to 

crystallize as blades. 
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Small, irrelular replacemerts of some of the ilirte by apparertly sec )ndary 

hematite car be see- in ol1shed specime's. The hematite teIds to he cnce-.- trated 

as a border just inside the o. ter edge of a bod- of 

Ilvaite is inerstitial to the earlier sll cqtes and much of it is associated 

with late-stae stilpnomelane; only a few grais are interlrown with ilmenite or 

titanom-;ietite. Yost of th2 ilvnite appears to 'nvn crystallized after the 

metallic oxides. 

The author is not aware of any -,revious published account of ilvaite occuring 

as an accessory mineral in granophyre. However, it is very possible that it is . 

present under similar circumstances elsewhere but has bee' mistaken for an opaque 

ore in tl-Itn section as well as me-Tascopically. Ordinarily it occurs in contact.. 

metamorphic zones in limestone, from which it has bee/ reported by 3hannon (1918) 

and Sorenson (1927, p. 18-20) i- Idaho, Sencer and Paie (1935, p. 67) at 

Sant.1 Rita, N.M., and Prescott (1908) at Porter Cr9e p Shasta Co., California, as 

well as from several localities in Europe. Dana also lists it as occurrincT, in 

granite in Tyrol and sodalite-syenite in Greenland. 

Accessory Minerals 

4211iLl... Apatite is an ever-present minor constituent rhich seldom amounts to 

more than about t percent. Usually it occurs as loly: slender nedles. Apparently 

it did not commence to crystallize as early as much of the plaocLose and pyroxene 

becarse many of the needles are co fined to ihterstitial positions where they are 

enclosed in micropegmatite and, in some places, later interstitial mafic minerals. 

Biotite.- Reddish-brown biotite is never present in amounts greater than about 1 

Percent, but a few flakes are seen in almost every thin section. It usually occurs 

in irregular small flakes molded against pyroxene and associated with hornblende 

or sometimes with the ores. 
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Pyrite and Chal- opyrite.- Study of polished s-iecimens -ATU,!A the retallographic 

licroscone shows that the sulfides pyrite a- chalcopyrite are present in th dia-

base and granophyre. They are much less abundant in the Traronhyre rind transition 

zones thn in the diabase. 

Both sulfides occur as minute grlins interstitial to th- silicates; rarely 

do they an-roach in size thnt of the smaller grains of ilmenite-maTetite. A few 

are enclosed in ilmenite and titano-magnetite and apparently are as late in their 

tie cr.' crystallization as the oxides. 

Other Accessory Minerals.- The granophyre contains small ql-antities of minerals not 

f)and i, the, other rocks. Their occurrence and association show them to be among 

the final products of crystallization. 

Enidote is probably the most plentiful accessory miners] in the granophyre, 

usually occurrin-: with interstitial stilpnomelane (?). Small grains of a mineral 

pleoehroic in brown occasior,lly accompany the epidote and chlorite. From incom-

plete optical data on a few crystals it is believed to be allanite, a variety of 

the epidote group containing rare earths. 

Some pale-brownish to nearly colorless griins of sphene have beenrecognized 

accompanying the opaque ores and ilvaite. 

In a few thin sections there are some small colorless grains of high relief 

having a stubby prismatic habit with a square cross section. Their high birefrin --

ence and positive u-iaxial character suggest that they are zircons. They are 

surrounded by brown nleochroic haloes where they are embedded in scaly stilpnomelane 

Recent work by Hutton (1947) has shown that in New Zealand granites, the nuclei 
of pleochroic haloes are not zircon but one of thc other rare-earth minerals, 
xenotime or rinazite. 



FiTare 11. Diagram showing the variation in modal minerals of 

the diabase-ranophyre secutence in drill hole 3. 
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A little calcite was observed as interstital bodies and also as thin veinlets 

ti-vers'7- - the granophyre. 

Mineral Variation 

The variation of the principal mineral eostituentg in th2 :7ifferent zones of 

the diabase-aranophyre sequence is shown in lot.::ure 11 and presentod in Table 4. 

mricAL DATA 

For the present investiation ten ner! rock analyses were made in the University 

of Minnesota laboratry by !!ir. James Kerr and Miss Eileen H. Kane. The analyses, 

norns and modes are presented in Table 5. Eight of the analyzed snecimens were 

taken from the core recovered from the drill hole whch peretrated the "lower" or 

main diabase. The other tvo, 14 and 21 are, respectively from the chil'ed bottom 

contact of the "upper" diabase at Dillsburg, and the chilled contact fades at the 

bottom of the Gettysburg sill. The snecimens from the drill core were chosen as 

representative of the principal varieties of diabase and granophyre. The modes, 

comuted in weight percent from Rosiwal analyses of thin sections of the analyzed 

Specimens, generally show good agreement with the norm. 

Cornosition of eDiab'ser... In Table 6 the chemical composition of the dia-

base at Dillsburg is comared with that of the Gettysburg sill and other Triasflic 

diabases from the eastern United States. Analyses of diabase Irtrusives of 

similar composition are also included for comparison. All analyses are o;.* speciinens 

from the fine-grained, chilled 'contact of intrusions and hence represent as closely 

as possible the composition of the orilinal undifferertiated magn. All the analyses 

listed are of the satl:Tated or tholeiLtic magma type of Kennedy (1933). 
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1. Chilled diabase at lower contact of upper diabase sheet. 

Core from drill hole 14, Dillsburg, Pa., Eileen H. Kane, analyst. 

2. Chilled diabase within 1 foot of lower contact of Gettyslwrg sill, 

Beaver Creek, 0.4 miles from Conewago Creek, York ColJity, Pa., 

Eileen H. Kane, analyst. 

Note: The following specimens are from core recovered fror cfl.ariond drill 

hole 3, Dillstr.lrg, Pa., analyses by James Kerr. 

3. Chilled diabase 3 feet from unner contact of lower diabase. 

4. Fine-grained diabase with coarser-grained network 52 feet below upper 

contact. 

5. 7ormal diabase 119 feet below upper contact. 

6. Diabase pegmatite, 184 feet beloi7 upper contact. 

7. Transitional granophyric diabase above granophyre 198 feet belar 

upper contact. 

Transitional grarophyric diabase beneath granophyre 364 feet below 

upper contact. 

9. Granophyre near lower trasition zone 320 feet below upper contact. 

10. Granophyre from central part of granophyre zone 279 feet below upper 

contact. 



 

   

  

 

 

CImperisln of Dilisburp diabese with rocks of gimilar marmr, trpe 

Dil laburg 
lettyburg 

1.11 

4-ails/toss 

(ay. of C 

Whin 
pill 

AvPrAge 
Karns, 

Downls 
Mluntain 

Average 
Tasmnniftn 
dolerite 

1 2 3 4 , 5 6 7 8 Q
' 

51.37 51.26 52.05 52.12 51.82 50.72 52.25 r%21 52.65 

14.74 15.28 1L,51 14.11 14.7(7, 13.76 14.(:.0 17.95 16.23 

1.85 1.66 1.37 1.74 1.22 1.2-7 r ,Ri; 1.4 1.51 

q....42 P.(7/!', 9.0o 1.16 9.24 1.50 

4'1 7.21 7.:1.1 7.10 7.7 7.12 5.4,'. (.(7,5 

Crt0 10,51 10.1 10.(1 10.55 10.02 n.cr 1 ,7 qeq4 11. 4 

Na20 1.94 2.06 1.01 2.01 2.06 2.42 2.21 2. -̀..5 1.5 

K20 0.57 0.71 0.62 0.78 0.82 (1.f) 
0
.( 1.17T 0.9n 

F120+ 1.49 0.92 0.79 1,75 0.94 1.51 0.71 0.4c: 0.01 

H20. 0.46 0.21 0.10 0.16 %V. 7.7( 0.12 

TiO2 1.16 0.83 1.19 1.14 1.74 2..''.r 1 . i r- 1.71 0.58 

r20
5 0.14 0.10 0.14 r1.14 0.12 n.L( . ..-, ,., .,- 0.01 

0.17 o.s.A. 0.18 .1.8 0.12 (').1( 0.45 2..- %15 

..... 0.08 0.01 ..... ..... 

less 0 
for 3 ..... ').04 n.01 ..... 

01.06 09.75 99.7() r10.10 f 47:0R2 100.31 100.21 10c. 100.13 



1. Three feet belo7: upper cont-ct of "lower" dial-Ase; cJre from drill 

hole 3, Dillsburg, Pa., James Kerr, analyst. 

:'.. Chilled fades at bottom of "upper" diabase elect; core from drill 

hole 14, Dillsburg, Pa., Eileen H. Kane, a-alyst. 

3. Chilled facies within one foot of lower contact of Gettysburg sill, 

Beaver Creek, 0.4 miles from Conewalo Creek, York County, Pa., 

Eileen H. Kane, analyst. 

4. Average of 6 analyses of chilled border fades of diabase, Palisades 

sill, -ew Jersey. (H.H. Res;, unpublished data) 

5. One foot above lower contact, Palisades sill, 'evr Jersey, Gonyer, 

Analyst (*Yalker, 1940, p. 1080). 

6. Whin Sill (average of 6). Harwood, analyst. (Holmes and Harwood, 1928, 

p. 539). 

7. AveraTe Karoo dolerite, South Africa. (Daly and Barth, 1930, p. 101.) 

8. Dames Mountain dollrite, Calviria, South Africa. A.J. Hall, analyst. 

(Walker and Poldervnart, 1941, p. 171.) 

9. hverage undifferentiated Tasmanian dolerif,e (six analyses). 

A.B. Edwards, analyst. (Edwards, 1942, P. 465.) 



The close general similarity composition of these representatives of a 

;ca tyre having world-wide distriThrtion is remarkable. The ueiformity of com-

position betwee' the diabase of the Dilisblre: and Gettys-L.'rg areas and the diabase 

which forms the Palisades is also striking, though no more so than might be 

exnected for both groups are members of the sane erovince an are identical in age 

an,', mode of occurrence. 

Comeoeition of the Granonhyrs.- In Table 7 the chemical cmposition of the ;rano-

phyre from the drill hole is compared with Iranophyres of similar composition from 

other localities. There is some variatior in the oxides but all have one feature 

in common, the N620 content is in excess of K20. 

Chemical Variation 

Fi lire 12 illustrates the variation in chemical composition of the diabase-

granonyre sequence at Dilisberg. This method of plotting the comnonents ustng 

depth below the upper contact as the abscissa was found to be more satisfactory 

than th usual method where silica is used as the base. The corresponding changes 

in weight perceit of the modal minerals are shown in figure 1]. 

A slight difference in chemical composition between the chilled contact fades 

and the underlying normal diabase is apparent. The normal dtebase is a bit more si-

:4b:Ir! because of a somewhat long-r cooling period of the diabnse matTma beneath the 

chill zel-10 which permitted sliAlt fractionation. The discrepancy betweer modal 

ore content and total iron in the chilled zone is largely (--!:e to the difficulty 

of lf,easrin:: the volumo of the opaque ores in this very fine ! ad rock. Many 

of the :Trains have a smaller diameter than the thickness of the section and are 

not iccessarily all in one plane and se -!re rneas' rei in excess of their amount 

relative to the other mineral grains which exte d completely through the thickness 

of the section. Alumina reaches a maximum in the normal diabase, suggesting a 
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Table 7 

Composition of the i11 burg p-nnophyre 
comrered with other prnnnphyree 

Dilleburg 
560 

Si02 66.n4 65.20 64.11 58.81 6103 

A120,1 12.72 13.72 13.15 12.02 12.09 

70201 2.4A 3.63 1.08 5.77 2.7 

-.72 6.31 0.1S 5.12 

0.54 1.01 1.18 0.72 2.21 

Ca 2.(5 2.79 1.62 5.03 2.05 

Na 0 4.62 5.22 3.64 3.91 1.972 

2.62 2.17 2.32 2.79 3.52 

020+ 1.014 1.27 2.71 0.21 1.25 

FL20- 0.10 0.72 0.3( 0.10 0.51 

TiOz 1.01 0.19 1.1Q 1.26 1.55 

P205 0.31 0.71 0.37 

Mnn 0.27 0.21 0.16OW 

Ba0 0.09 •••• 

Total 1.15 1n0.22 100.26 1n0.61 00.07 

• ”.10 •••• 

A. *Bed veinlets in Whin Sill. Tomkeieff (1929), Arnlysis It! 

B. Inninmorite pitchetono. Beyley et.al., Mtn Memnir, p. 10 

O. Hedenbergite granophyre 1047, Skeergefird intrusive. Wager 

and Deer (1c)39), p. 210 

D. Red rock, Yorthland Sill, Duluth. Schwartz Awl Sowdberg 

(1940), p. 1144. 

https://FL20-0.10


Figure 12. DituTam showing the variation in chr•i al constitu. 

ents of the diabasl-granophyre sequence in drill 

hole 3. 
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slight relative enrichment in pingioclase resulting from some sinking and removal 

of pyroxene in the beginning eta ice of crystallization. This assemptiml is con-

sistent with the mode, dhich has a relative'y high plaeioclese content. 

A slight break in the cerves betge-n the chilled zone and norrAl diabase is 

produced by the diabase with the coarser-grained network in fine- .r. ined matrix. 

This is due to the coarser pegmatitic material with its sericitized, smowleit more 

sodic plaioclase a-d abundant interstitial micropegetatite, which produces a lower 

total CaO and A1903 content but raises the amount of alkalies and siflca. 

A ma!or break in the curves in the diabase pegmatite and transition zones 

which occupy an intermediate position but are mere like the diabase than the grano-

phyre chemically and mineralogically. Since increases abruptly and rises con-

siderably in relative amount in the granophyre, as would be expected from the in-

crease of quartz in the mode. In the transition zones and grcnophyre A120e falls 

considerably below its amount in the normal diabase, again reflected in the -,Jde 

by a corresponding change in the ple -,Jeclase content. 

1g0 decreaees steadily from the chilled diabase toward the granophyre, which 

has but a sma"1 amount of low-maenesia pyroxene. The decrease of CaO in the same 

direction reflects the increasinly sodic character of the feldspar. 

Analyses of the intermediate rocks reveal a 1-i=1: content of total Fe 

accompanied by a similar enrichment in Ti02. In the norms tere is a cone 'e4 tart 

increase of malretite and ilmenite corroborated by an abundance of opaque ores in 

modes. In the granophyre total iron is relatively very low. There is an absolute 

enrichment in iron in the tra'sition zones and an increase in the FeOtmg0 ratio, 

but in the granophyre, which shows a reat increase in FeOttig0, there is aetlr-_11y 

a marked decrease in &solute iron. If the granophyre is a difTerentiate from the 

diabase magma, an important point in petroeeeesis over which t)-,ere has been much 

centroversey is demonstrated, Ilamely, iron is concentrated in the magma at a 'Ate 



Figure 13. Triangular diagram showing the variation in weWit 

percert of Fe0, MgO and K20 4 711,20 i the diabase-

granophyre seTJence, drill hole 3. 
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stage in its crystallization history, but not in the final residual product. Figure 

13 clearly illustrates this vari-,tio',. 

Fire 12, aud more clearly f1.7ure 14, ill, strates the change from high lime 

and low potash in the chilled facies and no:.mal diabase to rock containing more 

alkalies and less Ca0 in the granophyre. It is interesting to note (table 5) that 

althougt the proporti of KO increases in the granophyre, It does not exceed the
2 

1. 0 content. This is in accordance with Bowen's concasion that with limited 

reaction (strong fractionation) in the nlagioclase feldspar series the soda content 

Increases in the residual liquid and remains high in the final stale so that 

althauji potash likewise increases it does not attain or exceed the amount of 'A20. 

The '2°:K20 ratios of 21 analyzed granonhyres including the granophyre near 

Dillsburg are listed in Table 8 and plotted in figure 15. A general correl.ltion 

between the size of the gninonhyre mass and soda-potish ratio is apparent from the 

table..../oftheloarmayseslIstedhavinlla20inexcessofK,0,6 are definitely 
41.11, 

./ It is difficult to obtain accurate data on thicVness aA extent of most of the 
igrziophyre masses for which analyses are given. By "small" is meant masses 
rain from veins and dikes a few inches wide to bodies 100 feet or so thick. 
"Lar,_;e" masses include thc)se from around 100 feet to several hundred feet thick 
and usually with a considerable horizontal extent. 

small 'odies, while 9 of the 11 masses with K20 greater than la,,O are known to be 

large. Exceptions to this general relationship can be found, as in the case of 

the analyses of the Carrok Fell granophyre (F) and the Knock Ring dike (3) in which 

la20 exceeds KO, or the small micropegmatite dike in the Karoo (3) where ii20 is 
2 

greater than Na O.
2 

In figure 15 the analyses with K20 in excess of 4a20 occupy a relatively 

restricted field ..7hereas the Tranophyres with Ia70 Treater are rather scattered. 

The two fields are gradational with no clear gap separating them. The data on 

size of the masses is inadequate to enable one to show whether or not there is a 

35 -



FiTire"14. Trialar dIa7am silowinl the variation in weight 

perceA of CaO, K20, TteLp in the diabase-granopk7re 

sequence, drill hole 3. 
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Table 8 

Alkrtlies in rran-Nsohyres, and comparlone between 
size of bodiee nrd soda-votaeh ratio 

3e20 

greater 

than 

Y 0'2 

•e• 

treater 

than 

Ira20 

Ratio 
No20 K20 14a20:120 Size 

4.t2 2.26 2.04 Irian 
5.22 2.17 2.40 Small 

3.1 2.19 1.4 Snnll 

14.24 1.45 1.10 Small 

F 4.27 1.06 1.40 Small 

5.55 3.51 1.57 Totrall 

1.52: 1.1, 

2.17 1.05 

4.01 1.25 

1.c2 2.14 1.67 Large (") 

4.(7 0.11 

4.90 0.74 

L.24 4.52 0.94 Large 
(Sepnrate 
intrusion')

•40 4.10 0.17A tare 

2.12 4.17 n.(c) Large 

2.45 :7.98 0.17 Large 

Location 

Dilleburg, Yo. 5(0 (the 1:aper). 
Red voinlet in Whin $ill. Tomkeieff 
(1029). 
Hedenbergite granorhyre ,047. Skaergard 
intrusive. Wapr and Deer (10?0), 
r. 210. 
Acid granorhyre r59, Sknemard 
irtr1).sive. Waper and Deer (1019), 7. 
208. 
quarts-TyIrrhyry, Rum. Yarker, 1008, 
cuot.ad. in Wager and Deer (1019), p. 20q. 
Augite-gTnnophyre, OeTrock 7011, Cumber-
lard. Tiarer, lcc05, ffunted by Wager 
and Deer (1979), 208. 
Red-rock, borthlard sill, Duluth. 
Schwertz and Sandberg (1440), r. 1144. 
Acid rock, Moyle Sills, tritish 
Columbia. Daly (1005). 
Aurite-prnnophyre, major intmeion, 
center 2, Ardramurchen. "4.ichey 
mnd ThImar (1P10), 7. 84. 
Augite-grenlrhyre, Ynook Ring dike, 
4u11, Bt1y, Thomns et al., 1024, 
quoted by wager and Deer, 1010, 208. 

grano hyre, ?Minn al C7trig rinp dike, 
lailey et al. (1024) 7. 20. 

Hornblendo-grarorhyre, 717e. RftrIrer, 
10r4, cuoted by ',4erer and neer (1019) 
p. 208. 
Irarnphyre, Drovr.r dolerite dike. 
KrAkstrom, (1012), 

Ped-r-,c1r, 7ndion Sill, Duluth. Sohwer*7 
and S-nriberg (1940,, r. 1144. 
Red-rook, Lester Riv‘r Sill, Duluth. 
Schwartz and Smnetbere (in4 0), '7. 1144, 
Rod-rock, Duluth gabbro. grout (1018) 
r. 45. 



 

'tele 

A % Rrtio 
Ya20 K20 Na20a21 Size 

0.84 Larre7.39 7.12 

n R 2.40 5.20 0.1W. Larpe2" 

Rter /4.20 5.5q 0.77 Srill 

than T iLL 1.07 0.6n Large 

n U 1..15 G.47 0.P1 Lpre:e 

(Cortinuad) 

toontion 

Averne Sudbury ninrftrer-iatite. 
Co7line (1010. 
Grnnil-chyric gr: nite, 71usthve1d. 
Hnll (In12). t. 775. 
Microgranitin dike, Traiwa. 
S^hIniti (1977). r. 1L1. 
Rod rock, Pienn Mir. 
Omut (111) p. 657. 
Ormlphyre, Glen Morp ring dike, Mull. 
laniley At al. (10d4), r. 2. 
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similar gradation in size of the masses from small vrith K20 less than Na20, 

through bodies of intermediate size with 16.20 TT! K20 nearly equal, to large, 50_ 

rich bodies. 

OTH7R GWOJOPHYRE BFARI"G DIABASES 17 

SOUTHEASTER'T PESYLVA"TA 

General Statement 

Several exposures of granonhyre associated with te Triassic diabase intru-

sions are known in southeastern Pe - .sylvania. At least six granophyre bodies are 

known ir the Gettysburg sill and its offshoots near Dillsburg. nost of these are 

shown by Stose and Jonas on the geologic map of York County (Stose and Jonas, 1939, 

Pl. I). The writer has examined these occurrences and mapned another not shown 

by Stose and Jonas. The granophyre masses exPosed near Dillsburg are shown in 

figure 2. A small body of .ranophyre is also known to occur in the diabase intru-

sion near Bechtelsville northeast of Boyertown, PenrsylvInia. At Safe Harbor, 

Pennsylvania a small amount of granophyre occurs in conjunction with a (7iabase dike. 

Stose and Jonas have noted granophyre bodies also to the southwest near Gettysburg 

and at Saint Peters, Chester Co., Pennsylvania. 

All the masses of granophyre are small relative to the size of the diabase mass 

enclosing them. They lie in the upper part of thr intrusive sheet or sill beneath 

a cover of normal diabase. The bodies are lens-like with their longer axes oriented 

more or less parallel to the sill contacts. 

York County 

In general the York County granophyre masses are coarser-,Trained than the 

ganophyre in the drill hole. The coarsest-grained ror seer anywhere in the region 

Is that exposed near Mt. Pleasant school. The texture might almost be called 

Pegmatitic because of its large pink euhedral feldspar cr7stals half an inch and more 

in length and the prisms and blades of hornblende of similar size. Miarolitic 
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structure was not seen in any of the granophyre from the drill hole, but v th the 

exception of that exposed west of 'fells Hill, such cavities occur in qranonhyre 

from the other local:ties in the Dillsburg district as well as 'hat at Safe Harbor. 

The miarolites ran':e in size from onenins of microsco-,ic dimensions to cavities 

lmost an Inch in diameter. The coarser-Irained rocks possess the largest miarolltic 

avities. Stubby terminated prisms of quartz and crystals of pink feldspar project 

nto the c-vitis, as does an occasional octahedron of magnetite. Fibrous lasses 

nd needles of Iteen amphibole extend into, across, and may partly fill a good many 

•f the openings. Botryoidal opal lines the walls of some of the egvities in the 

anophyre at Mt. Pleasant school. The cavities in the .:-Tarophyre at Safe Harbor 

e due to the leaching out of calcite which normally fills them in the unweathered 

ctk. 

Hornblende rather than nyroxene is the mafic mineral in most of the granonhyres. 

e hornblende is dark green and appears to be of primary crystallization. The 

ollowing optical properVes were measured on typical amphibole fr,m the Mt. Pleasant 

hool granophyre: 

= 1.673 = .001 
Lmhroism: X, 

yellow;
y, Ireenish 

Z, green 
Y4,-c l7-40 

(-) 2V = 65° (measured) 

Some biotite is usually present, and secondary chlorite after hqrnblende is 

ten seer. They only other granophyre besides the one cut by drill hole containing 

re instead c) . Hill and as float at the western, hornblende occurs west of 

t of Blair Hill. The pyrope closely resembles the light-green hedenbergite of 

drill-hole granophyre. 

The •ranophyre which was found as float west of Blair Hill occrs very close 

the upper contact of the diabase and is fire-grained with small miarolitic 
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cavities; it may represent ar offshoot from a larger mass, nossIbly the granophyre b 

body of Blair Hill. 

On the York County geologic map a larrTe area of granophyre is shown 'fest and 

southwest of T'ells Hill. Actually only a srall part of this area is true granophyre. 

That in the northwesterl third of the area is a fine-grqined, pink, pyroxene-bearing 

rock like that found in the drill hole. The rock south of this smaller area is m)re 

fa transitiena- type between diabase and ,Tral.onhyre cortal-ig considerable alkalic 

feldspar and quartz but also some moderately calcic plagioclase. Hornblende rather 

than pyroxere is abundant in the upper (stratigraphically) part. The rock grades 

abruptly dvnward into normal diabase. 

An a:ea of granophryic rock not shown by Stose and Jonas occurs on Blair Hill 

near the southwestern boundary of the diabase (see Fi:ure 2). It is a medium 

grained, pinkish to brownish-red rock devoid -Atarolitic cavities. The westerr 

(upper) and southern cont4c'pts of the grarophyre are mapped with relative certainity, 

but the eastern (lower) limit is more difficult to 'ocate, Partly because of in-

adequate exposures but mostly because of its appare'tly transitional character 

downward into normal diabase. In this section the unquestioned granophyre can be 

seon to consist of abundant turbid alkalic feldspar and quartz in large individuals 

as well as in micrographic inter:To-7/th w'th feldspar. Green hornblende is the :rafic 

mineral but is not very abundant. The rock judged in the field to be transitional 

betwen granophyre and diabase contains abundant interstitial micropeTlatite and 

large euhedral laths of altered pla!joclase approximating medium andestne in corn-

Position. Hornblende is the esse'tial maftc mineral here also and masses of late-

sta,-,:e fibrous green amphibole are nlentiful. The rock appears to have been con-

siderably a'fected by hydrothermal solutions and possibly the hornblende is secondary 

after pyroxene, though no nyroxene relics were observed. 



The ots ,-- r areas of granonhyre sh fan on the map (ft;ure 2) have been visited 

and typical specimens collected. Some thin sections of these specime-s were 

examined but no detailed petrographic studies have been made o thm. Stose and 

Jonas (1939, pp. 127-130) 11-vn presented an adequate description of these rocks. 

All we composed of sericitized alkalic feldspar a i quartz as individual crystals 

and in micro7raphIc intergrowth with the potassic feldspar. Gree ihiende is 

thc 3 m7ortant mafic mineral and the usual accessories, a?atite and lime' ite-

magretite, are present. Allanitr, is reported by Stose ad Jonas (1939) in the 

rock from one area and epidote from another. 

Granophyre 'Tear Boyertmn 

A small grl.nophyric zone diabase is exposed on the south slope of a low 

hill 2 miles northeast of Boyertwon, Pennsylvania. It lies near the upper con-

tact of a sill-like body of diabase which intruded Triassic sedimentary rocks. 

The 7,ranophyric portion is thin (f100 ft.), lenticular, art:', .q.ie:ted northwest-
YIP 

soltheast more or less parallel to the contact. South of am supposedly below 

the 7ranophyre is coarse-grained dialxise with interstitial micropegmatite, 

sericitized euhedral plagioclase, purplish-brown aurpte, and abundant hornblende 

as reaction rims on a' The rock lying beloø is normal, medium-grained dia-

base consisting of fresh plagioclase and augite, little or no hornblende and 

sparse interstitial micropegmatite. 

The granophyre is a medium-grained rock with a definitely pinkish hue. No 

miarolitic cavities were o'-served. Under the microcope it is seen to consist of 

completely turbid sericitized plagioclase and orthoclase (?), abundant inter-

stitial micropegmatite„ and some individual crartz crystals. Green hornblende 

is intorgrown in elongate prismatic forms with the feldspar. Pyroxene is 



anpare tly completely absInt. Some of the hornl)lende is partly replacod by a 

reddish-brown mineral idwAified te- tatively as iddinsites which was fome(1 as 

a late-stale ma:matic alteration prolet or the amphibole. Thr! of!curre!!ee is 

sonerlhut umisual as Iddin7siLe normally occ!rs in more basic rocks were it 

originates from the alteration of dIvine arld is in almost all cases limited to 

lava flows. The 7)roperties of the iddingsite (?) are: 

Color: reddish brown. Sii:htly pleochroic; x, yellowish brown; y, brown; 

z, clear reddish brown. 

(-) 2V, largr. (80° ?) Average R.I.: variable, estimate 1.68 

Dis)ersion: r >Art distinct. Hardness* 3 

Granophyre Occurrerce at Safe Harbor, Pen,,sy'vota 

The Irarophyre occurrene at Safe Harbor, Pe—sylvania was briery described 

by Tomlison (1945, p. 52-519). A. F. Buddington and th,. viriter visited the 

local Ay a7A sthdied the geologic relatiorships. A lan7T rock quarry exposes 

part of a diabase dike which is shown on the E.Teolo:ic -;ap of Pennsy:.vania Otiose 

and Ljungstedt, 1931) as a continuous intrusion nearly 20 miles long. rozvt of 

t e diabase has been rProved and cr,:shed for avregate but at the north end of 

the crarry the nearly vertical dike, about 60 feet wide striking N.300E., tra-sects 

folded and contorted Antietam schist, (Cloos and Hietanen, 1941, p. 23). 

The central part of the dike is a uniformly medium..fsrained, normal diabase. 

On the east side is a microcrystalline chilled border about 5 feet -Tide. The 

west contact is faulted and no chilled zone can be seen; over a ,:'istance of about 

30 7eet the diabase is badly fr-ctured and deeply weathered to a Irff-colored 

rock. There is a sheet or pink, fine-to mOdiumelrained, miarolitic granonhyre 

about 10 feet thick on the east side between the chilled zone of the diabase and 

the scYst. On the other side of the diabase, west of the fault, there is a zone 
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25 feet tick, m-ire or less, wIllwe miarolitic granophyre all:to quartz peetrate 

the mica schist lit lit. 

Dikelets of Tranophyre intrude the chilled borier zone of the dias,! at the 

ea3tern contact, provin,-; 'Jithout question that the granoohyre was emplaced sub. 

swert to the intrnsion, coollm:, and solidification of the dlabase. One 

gralaphyre dikelet extends oilt into diabase for at least 1 foot froi te dia. 

base-Irs.7ophyre contact. Elsewhere alon this contact the grophyre contains 

fralments of t!-v schist. There is likewise older Irpl'e ne?;ruftite and white 

quartz veinlets and lit-par-lit in:!ections in the schist. Tomlinson (1945, p. 

521629) interprets some of the grnnophyre as being ,e-erated of the grarite 

pegmatite "in situ" here, and implies t'nt the °basaltic intrusion" had a similar 

effect on the granite at depth. Fowcrier, Ir.r-ophyre veinlets cnn be seen tran. 

8ect1n7, some of the mir:_y cnlrtz ass -cited wIth the pegmatite, and specimers were 

found shcwinl brecciated (parts and 7-4“matite c,J, by iranophyre. The writer's 

interpretation is that the granrhyre was intruded in 1 brecciated zone along the 

coAact between liabase and schist. 

?etr:),:tralgix..,  The granophyre is fine-griined and has a xenomorphi.r e,-1 -izranular 

or aplitie texture and is composed of orthoclase, quartz and mioropegnatite. 

Small irregular miarolitic cavities are filled with calcite, and arystnis of 

orthoclase and quartz nroject into them. SOUP of the cavities %re allr)st cos. 

pletely closed by the projecting quartz crystals. Chlorite, s-)me '.; .otite and 

considerable sphere constitute the principal accessory minerals. There is a 

trce of apatite. 
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The Tim, )nhyre dikelets in dial 30 have a very fine-qrsi ed chill facies a 

nn/millimet-rs wide at the c 'rder . icr:)scone the bJu,,,Nry between 

TTIonhyre and diabase is n)t clean-cut but ra1 j) al because of 1 4 ual rea-tion 

betwee the 2,1. , .ophyre magma and solid diabase. or the ;ra-ophyro sIde Liotite 

ad chlorite are abundant arl 4ra-iules of sphene and maret , te nre nleztJrul. On 

the diabase side chlor'te ,aevelons replacing pyroxe-e. %anger h des .)^ chlorite 

cross the lotr•dary a' 4 extent/ 1-to the grar,onhyre, the blades havin; a -.11,eferred 

orie-tatior with their lon direction nernendi'mlar to the boundal7. Iron and 

aiTesia have bee extracted from a narrow zone ih the diabase a,d i:rated ;ito 

the 71. ophyre; water has been added to the dia' ase from th e granophyre. The 

ophyre has been enriched in Ti02. 

Pin:Ash, fine-grained ap'itic material resembling the granDphyre is associated 

with the older pegmatite folfa in the seist. According to Tomlinson this 

*panophyric aplito" is derived by the breakdown and remobilization of the peg. 

maite within the metamorph*c tuireole of the diab-se dike. The writer believes 

that t Is aplitic matrIiial is really rTes,etically related to the peg. atite. In 

thin section it is seen to nenetrqte the schist ahead of the egmitite and quartz 

velnlets :/hich ih turn disintegrate and absorb the aplite. 

1.1 1112a.- In the middle of the dike, halfwa:ru the north cliff, the -.7ri 4,er 

four' an trre:ular incision about 5 inches across. The center of the inclaion 

is a fne-grained gray rock nth visible feldsnar, interstitial. chloritic materia, 

consnicuous flakes of distinctly brown biotite, and grains of pyrite. Surrounding 

is a rir of chloritic-looking material one-forth to one inch wide which 

grades outward throuh medium-grained mafic diabase to the normal d'ahase. 

Tomliason (p. 529) mentions havin found specimens "cDntainn; rounded, partially 

dissolved, fragments of ..:11rarophyre in diabase. These fragments were rtsing throuqh 

f ,po a ple. Athe Ibi7!.saltic raamt and left a well-mr.lred trail in the form 
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sect! n across the zranonhyre-4.1abase coltnct sh,ws t;-e a zone of 

hybr'd r ck in which cordierite is abundantly :3evelo,)ed, t}r, diabase. Sections 

across the pipe below inension sh:rc; a hi3h'y granorhyrIc Aabase in which the 

basic rin-rals halts been altered by hyAration..." The writer found no pi7e-like 

trails of Irs:lophyre throu:Th the diabase, 1:rt preslmably the inc,- slon is :-,n*L'ar 

to the "fra-Tments" referred to by Tomlinc 

Thf_' core of the inclusion has a fhle-sT.,1-4, xenomorphic equigranular 

(aplitc) texture and is com7osed essentially ° turbid orthoclase, lesser amounts 

of p1t7"ociase (albite?) and somc clartz. Brown biotite is +.J,E) cllcf accessory. 

There are a'so 4ranules of sphene, a little maretite, a few larr crystaTh of 

pyrite, and a little chlorite. 

Th s c-re is succeerled by a hybrid zone co - slsting of to parts. The 

boundar7 between the ii-Nrmediate zo- e and the core is abrupt. -ext to the c-ve 

the internediate zo- c has an equigranular text-re a-d co' sists m: tly 

potash feldsnar, lesser ar:o ,nts of quartz a. d a little -,fcropegnatite. Chlorite 

is ver- abundant and there are also scattered flfzkes of hirltite. Magnetite and 

Pyrite are pros-rt. In a direction away from the c-,re the textlre becomes pro-

gressively coarser and has a hypidinmerphic granular 'ext,re. Turbid potash 

felenar and a very little pla.sioclase are sJrrounded by abundant ricro-oegmatite. 

Chlorite is plentiful and magnetite and pyrite arl present as s =all rins. 

Outside the intermediate zone the rock tint-re is definitely "1. asic. The 

contact betwee. intermediate aro o, ter zones is abrupt but highly irregl:lar 

and intorfin:erinef,. This boundary is judsed to be approximately the r)ri-t.nal 

boundary between inclusion and host rldified by interact7 r between the diabase 

and Inclusion, thout in hand snecimen it appears as if the lip;hter-colo,-ed core 

As the original inclusion. In the outer zone the plagi-clase 1-iths have been 
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3.)mnlete1y soricitized. A small a--)1-4-, o icroatte's visible interstitially. 

3one a rite a d colorless non-pleochroic rhor'ic 7.-froxe .9 are b-A,' 'reset. The 

rhombic pyroxErLe occurs as relict cores f.nrr),_:nded y bistite, whIch in 7-lore 

plent1.1 closer to hybrid zone. lome chlorite a-'tle T'iot to •r 

vlsible. YaT.etite cis rr!a tr,-,ce of -Trite ar 

The core of the 4 c" sion is jud;ed to be m.re or less reprosentat* -.7e of the 

nri -:i-tal rock caulht up in t's- 'l_abase. It may ,,ave been gra-P",e aplite, or 

7,ossIb1y a fragment of Antietn7 sesist w',Ich was recr:-stalli.zed. :t .al reaction 

between the incl clon and the diab-lae 7.-1ana prod ‘ce0 i-A,e:..-med'ite hybrid zone 

and effected sare changes in the diabase adjace-t to the incl-sinn. There is no 

Increase in the amount of quartz n,r1 alkalic fe14snar in the diablse. Instead, 

Wacent to the ir:c1 sion the diaase had a- abunda:-ce of rhnrbic pyroxe:_e ad 

was more mafic than normal. This illustrltes T;:,•c -Ifs principal of react' re pre. 

cipitation wherein an ' cl sior of acid material in baste magma causes the 

crystallization of constituents with whch the ma ;ra is a'rea.ly sit rate', in 

VI's case rhombic nyroxenc. 

F.TROLOGY 

General State -ent 

The granwohyre b)dies in so,thaastern Pennsyvaria have generally bee, 

considered to be differe tintes of a mafic magma which solidified largely as 

diase. The association of granophyre with dialase or labbro is -)rld wide ad, 

because of the imnortart bearing of the diabase-granophyre -problem on creations 

of petroge7,esis, numerous theories have bee adva-ced t. xnla' the assJciation. 

The present writer subscribes to the th...lory of derivntion of thl gran Thyre in 

southeastern PenTsylvnnta by differe tiation of tholeiitc mane. It is, hlwever s 

lesirable to examine some of the alternative mrles of origin of granophyre which 

'eve been suAlestei by workers in otl,r.r districts. Such -,odes of Ti-in inc:' 4e: 
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1. Separate intrusion of Tanophyre. 

2. Syntexis, or tIle ass:triU..tion of acidic maal by t7,--,e 

diaase ma71a, followed by dift'erertiation. 

). "71 t • 7-1.1-1 7rnhyre ltersti.:n of 

solidifiPd dite-ase. 

4. Lin: id 

T-Itr-Jsion.- In s) thPastern Pen sy vania the 3ranophyric massns nec.,r 

Rxelrsively within the dinise. 7o bolies o." Tn7_ophyre are len')wn lh Triassic 

or ol'er rocks oul,side the d4abase. If the grn -nhyre -7ere a separate, later 

intr:sion one would expect to find it elsewhere, especially as many of th0 

rocks ao - ld afford rnre favorable loci for th,, emnlaceme-t lf mn?:ma than the 

massive, relatively homo7freous diabase. One wmld also expect to find 7a-lrhyr--

dikes c.fttin7 dial-nse at random; 1.1steae the 4ranophyre mass's are restricted to 

the upnor part of diabaLe intrusions. The tr-all volume of .1.anophyre and its 

ai3contini):- lbww sr.111 c4-s-shaped bodies is Pt what one.)4s distribution in , 

Nould ex,ect of a separately 1ntri 4ed masma. 

rIontact relatth-ss betwPen liab.sse ad rinonhyre arP rot well exposed at the 

surface, 11t the Dillsi,urg drill co..'e affords a perfect cross secti-,- revealing 

thc bol„nclarfes between the contrastei rock types. In the trill core there are 

none of the fea res which uurlly accomnany in'r-L,sivr contacts. The boundary 

between diabase and granophyre is not sharp 11-J1 clean cut but Ls Tradqtional 

thro ,;/1 a transition zone. There is no evidence that the tra,sition zone is the 

result of reacti%r between molsen r:ranophyre and solid diabase. The chemical 

v.(1 mineraLoical data wh!ch have been prese ted show a gradation between the 

acid anl basic fades suesting a ge-etic r-7Rtionship. 

45 



important exception to t*, nr.) :0'1:1_1 in the quarry at 

arbor wero7.7ranhyre is intruded aim:, a contact bet7men di:11Ase ar:',•Antieta= 

cc.:ist, and dikelets of lranophyre intrude the chiLvl border of the diabase dike. 

The reLAons have been descried in detail in a nrec ng section. The ,Tanohyre, 

velnlets have a narrow, fine-Tr.Aned, chilled selvae a.-;ainst the (31abase and there 

a n-rrow reaction zone bet4een the -!ranophyre and diabase. There is no question 

that here the r_Tanephire is a later, separate intrusion, TY7t this is not cor. 

elusive evidence that all granophyre masses in diabase are se7arate intrusions. 

riathr!r, on the basis of .:hat is krown of the occurrence of grA ophyre elsewhere, 

te relationsIlips at sflre Harbor sw-Test that a lar,:er concealeet boqy of diabase 

ma71a, of which te dike is hut an offlh:,ot, cooled and differentiated at depth, 

2roduc1n!, a granophyric residuum which was tapped later and intruded along the 

faulted ird brecciated boundary. Edwards (1942, pp. 604.605) has stressed the 

im7)ortance of the concept of dikes as subjacent chambers in 70lich differentiation 

can take place. 

italt4ial or Assimilltion.- The derivation of rranophyre by assimilation and 

later differentiation, that is by syntectic differentiation, has been proposed 

by Daly (1905; 1917) far the gabbroic sills of British Columbia and the Pileon 

Point sill, Minnesota. Tomlinson (1945) su,Tested that the dieese nr.7ma of 

the Pennsylvania Triassic is 41c. mixed solution of 'basaltic maima' aH assimilated 

'acid magme". Accordin7 to him the assimilated acidic material 'las responsible 

far the interstitial granophyra in diaboise and the bodies of liabase pegmitito 

found in the upper zones of diabase masses. As Schwartz and Sandberg (1940, 

P. 1165) pointed out in dismssing the possibillty of t:T. formAion of the red 

rock of the diabase sills at Du7.nth by syntexis, it is difficult to obtain positive 

evidw,ca for or a7,ainst syrtectic origin becal_se if assimilAion was active 
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fore ni:ht be almost no trace o' te roc,. I. 'ch was -Isle-:1'ated (in their case 

rhyolitc, in Tomlinson's case a co-coalod o(der ra: 'te). Undo-lbtedly some liTsio-

-hyres have be fcfrre by reaction be ween basic ma-Tma an'1 xenolithic material 

of acidic comT,osition. /a7,er and Doer (1939a, p. 185.194) have shown that bes'Aos 

tra,sgressive jra-ophyre vel sl l'hlch Vey regard as late differe. tiates oP the 

Skaer3aard maltma„ there are also ,.3ranonhyre inclusions reerese tin; blocks of 

recrystallized acid ;neiss. In louth Africa %reaction :Tranophyres* prod.t-ed by 

netasomatisr of siltstrle blocks iocl,Aed i KeToo dolcr. te have be Isscribed by 

Talker and Poldervaart (1941). In both these in5t,c.ces, hvever, the inciu.A,ns 

and -Tanoph„Yre derived therefrom are small, meast ring a few feet to a few tena 

Jf feet at post, and the n_ture of the ori4nal xenoliths could be established. 

The Penrsyl;mnia LTrarophyres are relatively large and no evid, nce of their havin -

been flrmed from blocks of Trilssic sedimentary rocks submerged in dikes has bee/ 

found. 

Walker (1940, p. 1096.1098) studied the Palisades sill, which has numerous 

large inclrsions of arkoso, and concluded t'-at there is no evidence for syntexis 

or introduction of silica into the sill. In the eastern part ot' tho lillsburg 

district tore slne isollted areas of Triassic sediments enclosed i- diabase, 

b- t these are unaffected beyond the bleaching and c.mtact metamorphism normally 

shown by :3-line'tftry rocks adjacent to diabase elsewhere in the re;ion. lo in-

clusions such as th)se in the Palisades sill are known here. Ir the iiabase at 

Safe Earbor, however, the writer found an inclusion of acidic material of aplItic 

Character which is probtlbly similar to the incl alone of "aplitic ,7anite" described 

by Tomlinson (1945, p.529). Thus one is forced to admit that, -t least locnlly, 

the basic magma may h-ve picked up and possibly incor-,orated soro :ranitic material. 



Tomli son sug7ests that thc, diabase ungra :13 11)10 der:vs 1-

from Tranitic rock which it intruded at denth n.d cites th- occurro -cc the 

granophyre t to the din'-ase (like as evidence of the effectiveness of 

this ,rocess. As pointed out nbove sect,i)- on th' .ra-o,,hyre at Safe 

arbor, the 7miter canrot a;rce with Tomr-sints concl)sions. 

An hypothesis of local nssimiletion o acidic material by the diabase n1;ma 

does -ot simplify the nroblem of origin of th- small bodies of granophyre. 

According to Bowen (1928, p. 214) "there is no teoretical objection to the 

bel'ef tat a certain amount of...inci.nions could be incornorated, (but)... 

once incor-ornted it re-r:ires, to -Iroduce acid differc..ttates, the sule conditi,ns 

of crystallizatim as wonld have produced an acid differe-ti '„e from the .1n-

cmtaminat.d :r..:ma.w Furthermore, analyses show that the magma was a saturated 

type which would give a siliceors residuum if crystal 'zed under equilibrium 

Conditions, with any differe-tiation which mitt take place serving to increase 

the a:^ount of this final residue. If we co' eider t' e total volume of acid 

1ateri-,1 it is unnecessary to invoke assimilation to explain their occurrence. 

One peed only find some mechanism whereby the final siliceous it .ma can be oved 

out from the diabase a:1! conce'traLed. 

Tomlinson (1945, p. 527) attribi,tes ...ns ch variltiona as occur ; 

basess..to as:Amilation of various rock types (by 'basaltic ni'n-:)./ along the 

Author's insertion, Tomlinson's quotes. 
/111111111111111111INIMMUMINIIMAIII. 

journey upward. If acid sch as granites were assimilated, t composition 

Of the *basaltic magma* would be chan-Ted to that of the diabase ma,3ma.* The 

writer does not propose to eiAer a discussion here on the origin of mara types, 

but 7ny state again that the maima which solidified as diabase in these Triassic 
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i.:tr.sions was of the tholeiitic variety -).1.1:'.-;:de dIrry.ti:,-1. Kennedy 

(1')33) rersards it as a :,rimery arnn.. Holmes Harv:ooJ (1c)28) called it the Whin 

Sill typo bell..eved it to be derived fr-o olivi-c b%sa yirent by differe-ti-

ation, a 'Isonosition subscribed to hy H.R. Thom-,s (1930, p. 98), in Mull and 

Ardnamirchar and endorsed b: Bowen (1928, p. 78). Holmes (1932, p. 549) hints that 

a saturated basa:tic ma:ma w be produced by the ad3nixt.4rz acid me-erial with 

basaltic ma:na, an, Barth (1936) believes that the magmas o" thc "Thulean nrovince" 

bein; in contact with the salic crust, are more acid the' the olivine basa ts of 

te Ocesidc Islands, where the satic cr. st is a se-t. Toell-son's idea is s ntyrhat 

akin to DhrtFts theory but one gets t'-e Imnression that Torli- son pict.res thn 

local variations in the diabase as conseq-e-t an vartions in th degree of 

ass1,71 ltion of t' immediately underyin: .lase-eat rocks, a view which has little 

if any supportin7 evidence s d, in fact, is in opposition to Vlf,..1r;ervel uni-

forrIty of composition of the chill f-lcies of the :iiabase. Tomi-i'son th.: calls 

on imrisclbility (1945, p. 530) to cxplain the senRration of the silice.,us residue. 

laaliga of Granonhyro bv 1' Q.teratiorl.- If the Tranophyre had formed 

by hydroth,ral a'teration 0 Arearly solidified diabase one mould expect to find 

in 1s texture an rineralogy some remainder of the art3irn1 rock. This is not 

the case, for the minerals and their relationships 3rP. se ch that they could only 

have formed by primary crystallization. There is o relict ilabasic texture. 

Fe or (1926, p. 753) contends that the microperlmatite in the interstices of 

diabase is of secondary ori:in and attrily-tes it..."to processes of e.domorphic 

tra sforoation actve in irreous bodies d: rhf.n the later stl7es of cooling." 

Bowen has effectively supported his belief in the nrimary nature of these q arts 

and feldspar in'argrowths by demonstratinl the cmplerv'ta:y nature of oliv'ne 

aid q arts in the Palisades sill. The writer hao shlwn that the ratio q ,.tz 
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felds-Yar in the nicrope7mat'te is ossc, t', rt VT-311mA the diabase. 

,Irarephyre aeries at nil1.s11%rg. It is 101:At1 t'-gt th c nst y of ratio would 

hid if to micropematite in diabase is o' sr.c or -sin. The micro. 

eatte in the tra.sitional ranonhyric0-1.a'lase a d the gra, y)hyre i 31e.rise 

,Irobably primary, particullrly a t'e artz-folOsp-ar ratio ia osse Y a.ly corstant 

throu;hout. 

It is not denied that alteration d e to hydrotl-ormal activity Ilas i-lporta t 

1)cally, nartiellarly in the closinl st -es of the coon- hist-,ry of t'e ma;;m. 

But tl,ere is no evidence in the min-a.r.1.)g- or text re that the 71rophyre or the 

tra.sitional gra:ophyric 'iabase have been derived by hydrothermal alter--.tion of 

c'Asbaso. 

Seeking to explain the a'Ir,Tt Iradatin from grAbbro to 3rano7hyre 

without Intermediate types in the Du uth gabbro Icroliih, ?trout (1918) proposed 

an immiscible se-,aration of thl L-,rrophyre lig id from the gabbro before solidi. 

fcation was complete. Immiscible senaration of T1 "intermediate" maim& into a 

oritic fraction and a frlction xhich sol'Aified aq micror,eatite :as suglestel 

by Collins (1934) for the norite-transition zone-ml.cronegmatite sequence ih the 

Sudbury intrusive. Tomlinson (1945, p. 530) believes that the ,liabase ma;ma in 

Pennsylvania "...split int:, two sc-arate ma :mashch (solidified) more or less 

indenende tly of each other..." where t 3 Jriginal °basaltic n :A:* ass'mil , ted 

nactd r-- ,a" in exceslive amounts (more than 6 percent). 

Bowen (1928, p. 7-19) has clearly discussed the cond:tions unier fhich 

immiscibility in silicate melts takes riwitce and has effectIvely shown thqt un. 

mixing of two liquids is .1 valid c nc - pt only under certaLl restricted physical 

and chemical conditions. However, the requireme ts under which such sepa ration 

can take place are so exce-,tioral t'qt the hypothesis of immiscibility seems to 



have no vilue in explaining the origin of snall grTiophyre bodies such as those 

in Pennsylvania from basic magmas. 
a 

An interestinT reexar:ination of the inmiscibility theory has rece- tly bee-. 

nlde by Fenner (l948) in which he c,-tc,-1,s ',11-it some of the fLndame - tals on which 

Bowen b,sed his arlument have been :.'si- Lternreted. FIT-rer believes that 

imniscibility of two si:Icate lig ties is nossible. The occurrence o: :lrge bodies 

of "rd rock" according to 'Am is a pho -)" the separation if a c3mparative'y 

large bass of liquid by irm'scibility. 11 ,er derives support from the fact that 

in some systems immiscibi ity .Tra'aally ceases as the temnerature is lowered 

applies this to silicate liquids. Thus small amounts of immiscib'e se -rate 

tend ti recombine with the conugate lie uld before or at the time o- crystalli. 

ntion, and a criterion which Bowen says shou'd be found if im- 'scthil:ty exists 

in silic,..te melts (trapped globules or al. immiscible fraction) is not expect-d. 

The writer finds this a weak argurent because somewhere coolin7 sho- ld have beeu 

ranid enough to prevent the resolution of the unmixed globules. 

Differentiation 

General 3tatement.. The marna which rose into openings in the crust and solidifi?d 

as di-base or o t on the surface as basalt acres in southeastern Pen sylvu "1 

and 113er:here in the Triasnic areas of the eastern United States as unquestionabl:: 

a true primary nalma. This is indicated by the Adespread distribution and 

enprmou3 volume represented, the un'frm cmposition of its chilled phase, and 

the occurrence of basalt and diabase without complementary igneous rocks. The 

magma must have x.sen esseAlally simultaneously throughout the region and moved 

rapidly into place, for the uniformity or com7osition of As chilled facies.every-

yhere means that it as emplaced -Alio still in an almost wholly liquid state 



without havim: had tire to lifferentiate. As it certain process 

of differentiation operatin:T within thls Irimary a!ma /ere effect!ve in pro-

d_cinl a small volume of late-sta7e rock trnes differin: ._.-arkedly in charater 

from t'e rack xh'eh crystallized first a'f! ip-:aximated tisc cnmnosition of the 

none': nitsrLal. 

The e can hardly bn any fo..Ibt that t'e diabase-7ra' ophyre assIciation ex-

poeed by t'e drill hole at Dillsb.irg is a c'vlsanguineous aeries brought i-to 

existe ce by differentiation of the diabrase -(117,ma. But Ihen we c,)re to coisicier 

the way in which the differ° tiation has bee' broujht about, ire fird t' It there 

have be': filmost as many mechanisms proposed !' )r the differe-tLation of a mafic 

magma by fr-:cti,-)nal crystqllizatio- as there have been explanations for the 

ori-rin of the gabbro-ophyre association by other s. The process involved 

in differe tilLino; an i-tr :sive b nagma to give rise to a contrasted suite 

is cImplex, aJA several differert forces and reactions -lay be operative simul-

ta'e0u317 or successively, the end nroduct(s) bein t. result of the t)tal effect 

exerted over the entire coolin neriod o the ma;ma. Cr r.oicern here is to 

deter ins which processes have been onerative in nrolt,7ing the association found 

at Dilisburg. 

21:amiluailau altaalm.- Bowen has emphasized the importce of separation 

of early-formed olivine, tils nreve- tin;. its reaction to form pyroxene ad 

enhanc.1,L; the lirount o: c35.ca in the masma. However, as 7)ointed abwe, he 

mat* of tese intrsions was sntLrated ar.1 the relative voiume of Tanophyre is 

so swill that the amount of quartz coll.' h%vc been formed by crystallization 

differentiation without the necessity of removal of early ,)1tvie. But crystal 

eettlirg is of importance beyond its heir; a process by which the magma is eri.. 

richod in silica. Accumulattm of heavier const-Itt;ents such as pyroxene in te 
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lower parts of a ma -ma enamber 11rIves the .per parts still liquid. Tils 

liquid is constantly enriched In the less refractory constitie-ts 

and when it finally crystallizes it ;Ives a rock rZcher in dkalies indsi Lca 

than VI,-

The Palisades diabase sill has for a lon- tire been c;tee as an excellent 

example of Travitational differentiation thr- 171- -1 V-e settl!n of early-formed 

olive crystals follo-red at a later sta-re by pyroxe:-e. This "ed to an accumu-

lation of thP heavier solid phases in the loner parts of the 3111 while the 

aprer parts remained fluid and becare e'rl'hed the volatile constituents 

("alker, 1940, n. 1092). Ldwards (1040) also argued the effcctive-ess of crystal 

sett24 — in hringin: about the differe- tiaLion of thn 1:alma of the Tasmanian 

doleritc sills. It has not bee, poss his to s'-idy the lo .er Arts of the Dills-

burg intrusive to deterr-ine the extent to which cryutal settling has c;ntrolled 

the differentiation of the ra7ma. However, no concentration of olivine such as 

ocenrs at the bottom of the Palisade sill has ever been renorted from ti:e bottom 

of tl Gettysburg sill or any of the other clabase intrusives 1- southeastern 

P5 s-ilvania. But Stose and Leris (1916) describe olivine-rich diabase from the 

3etty5bqrg area 171:ch =1st, from what we know of the clierical comp.ositior of the 

mama, -,e.present son.' sort o accumulation of early-lryst,illized olivine. The 

writer hns seen plen:iftl Licrophenocrysts of au7ite in the fi'le-,Trained diabase 

near -tie bottom of t',c- lettysli rg sill. These must have crystallined early and 

may also have settled throl -;11 the fluid mlima. Unfortunately, exposures in 

3outheastern Pen' sylvania are inadequate to enable a detaled study of the concen-

trations of the mafic mineral to be carried out. It is safe to assume, holiever, 

that in an intrnsion of this sige tle..e was sony: )owniard movement of mac 

minerals in the earlier period of coolin though the settlini: may have been of 
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brief (7uration due to t ra-i? develmert D interloc'rin: mesh -yroxene 

and feldspar. It is unlikely that t'ere was any complementary rising or plaioc ase 

crysta2s in the ::agma. 17a1ker W140, p. 10S1 hns calculated the sectfic gravAlty 

of the Pal!sades diabase nn to /; .to he 2.- . at the %te. of empl,cere,t (traporat re 

o
1100 C). The specific gr-(vity of t 7 c17. plajoclase at this temperature, 

according to ;7a1ker, 7ould be 2.1:5, hch %5 actually eghtly hi2;her than the 

A variatton on thc vitationni lifPlrertiation there has been proposed by 

toomans anl Kuenen (1938) for th-. Glen Wire rin.:7 flle. They picture the sinking 

of olivine and pyroxene, but contrftry to the idea of Ec_ upward ml ratio: of th.2 

acid resiE.e by strca7n; or floati owin7 to its bu' 1iht, they ss.Iggest that 

the acid :a ;ma is erated by abstr:..tio. They say, t'e basic ml -ma 

is formad by the addition of material from a Lr•-.) part of the reservotr, the 

acid nim. is ,:enerated by abstr •ction am" no new material is added ta it. It has 

under7one cleansin by precipitation. Te do not reed to suppose that first 90 

percet of the magma crystallised to a meshwork J72-on hch the mesostaes was 

ejected. But the concentration of the acid 7,ateal s rad':,a1, startiT: from 

the time the fir3t crystals bein to sink." 

Incomplete reaction betwe-n cryatals and licrid can also be br„)ulht al7;out 

Without the removal of either phase. Armoring of early-formed olivine by pyroxene 

"takes it out of circulatlon.“ There is no petrolrapYic evIdece tilst this 

process was oprativo at nillsburg. Probably an equally effentve !Aechanism 

brining about incomplete reaction, however, is the slow rate of diffusion between 

the liquid and so id phases in a mama. Of ths we have abundant evidence at 

Dillsburq in the zonin7: of crystals of plagioclase and, to a lesser extent, 

pyroxele. 



.atic distrib;.tion of :1-4 , ,-10-shed 

;]ests t t the relidual liq.id collecte j -)oc'nets. All the ncsses of Triophyre 

including tie one In the drill hole are near the to . ' the diabase r.d s,.”ara'ed 

frJm the sed'lentary rocks by a roof of diabase. Possibly these A7 be enth 

hi,;11 T-ots on tl,e generally smooth Irlt undulelnr: roof of the fiill,nse. Scholtz 

(1936) described such a- occur:erce in the Karoo dolerit,e of Zalt 'Iriqualand and 

Pendolard, South terina, .71ere 7rrtn4t'c rocs are thie.cest unr'er the 71ward bul -ms 

a d t')c heavier different',.. -tes (picrites) concentrated In :he troughs. In order 

to account for the arranorne.lt postl:lated an upward ;ration of acid material. 

7o1mes has raised an objection to the 17”vitative concentration of the acid 

17.;:ia. According to him the anount of granophyre developed by crystallisation 

a frictionation is so small t ¶ the separation of the 3ra,onhyric substance by 

a s! 1e gravitational flltr,tion is -nechanieally il,possjble. In this he prob-b4 

a raid srgu-le,,t, for 'p acid fr-ction was prol)ab'y not svillable until the 

vyst Ilization of the maTna was at least 75 perce-t complAed. At this 

interlockin nes'Irork o' cr:sta 'o ld co- titute an effectively so Id mass. 

The small force arisin: from the difference in density :oetie n interstitial 

liquid and crystalline materia: would be insufficient to displqce the livid. 

Circu!atioh of lig, id and crystals 17.rought about by the c)mbined sffects of 

therma) cry vection and Las a r.e.tly been a- irrinort-1 t differentli/Dn 

meelani_sm in sore oagma bodies. out (1918) proposed a "two phase convection" 

to explain the phenomenon of llyerin;: on the sides as -74,11 as the bier part of 

a ma;ma cha-nber. One or the best demonstrated exwaples of the effect;veress of 

convection in aidin: differe-tition is the Skaer-sa-lrd intr,sive (."a-:er and Deer, 

1939). Cornwall (1947) has rece-tly srlgest:, c-nvective circulation as the 

'Toeess which broulht about the 'ayeri.ng in the bivas of th. Keweenaw 

1.chigan. 

The er:- • -asses o7 :rgnophyre at once 
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It is posih1e that convection 77a0 active at Dillsb rg and nrod:lceLT ._ocal 

se7eations of the s1iceo s residual fluid rhc crystal]: zed as L.,ran..Dr.hyre. To 

prove t at c.rculation Itas active, it yvwsld be ecessa..7y to f'..nd fluxi3u str, et res 

17 the racks. 'To oriented fabr!.cs have bc n c served anyWnere in. the 

7alker does not renort any evidences of flo7; strs.,et:.re F1,-1ads 

's 7rich better cxnosed V-7in any nart of the 711.11slycrl. diabase bol..f.es. The 

dri'l hole at nilisb,.‘r 7-1 yes an excellert section but b-ing rrstri.ntee to tin 

upper parts of Vie intrusi n it did not penetrate tro deener narts tayerin.:, 

and flow strt , et re s would rr..)st -likely be .n)tnd. • Of course it is perfect' y 

7.,os31b;e that the c,-)nditions under v(10'.ch the rass cr7stallized were un.fav, )rb7.e to 

the clevelopment of Importart c Lrc-: laticm; for example, if a meshwork of crystals 

formed fairly soon, movement •.f crystals Jr magas would be hiadered. 

Filter pressinT, or differentiation by deformation has been advocated, 

eri:Yc.'. -`:.•I'Lly by Bowen, as the most effective way of rer;...:vi7-1:-; the residual =Tina 

from crystal trash in which it is entrapped. Th,:,-J process c.-_,nceive.: by him 

71oulfl undoubtedly be most effective, but no evidence of its havinq, been o;-erstive 

in the lillsburg district is forthcom17•-1. One would exnect to find fract_zring of 

the earl:ler-formed crystIls, or a packing together of the grains as a result of 

presIyire exerted or, the crystal mush. Furtherr-,ore, on,,, would have e • s.':derable 

difriculty in defining the deforrrtive force; from the fn t! an,-.1 tilting 

of t. lsin dorin denositior of the sedimentary beds there has io defornritt..,n 

Of rcks enclosing the diab-.se 

Emmons (1940) has arT.Ied for the "qilatarcy principle ?' as an iurnortartt process 

seperating the acid livid..."from 7-;)re br.1 Cr:Tata " Deformation of partly 

solidified ma,-:ma vhch disturb7..."the crystal arrargemert results in n. less closei:i.. 
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packed condition," 1:1 residual 11(12:id flows into tc,se sones qefrmation. The • 

principle is pro17.a.oly valid enou7h wrier certlin circA- ,!Ei Emmons says, 

the scale on Ai.ch 't operates is uno.rn. Dilatation r!,;1. :Hve been operat*ve to 

some exteA at Dilisburg, but th3re is rz vilece in thc, text:re of the rocks tt 

they have been deformed prior to cmplete 

Origin of the Diablae-ar.,n-n!lre Series 

The node of differentiation o the diab,se -la:ma at Dille: r=.;, culminating in 

the crystallIzation of granophyre, is visualized 1160,7 mritnr ar 'ollowst 

Accordiwg to Bowen (1928, p. 72) and Kennedy (1333) ma-g:la of the comrolit;on 

of the TrInssic diabase, thnur;11 showing silica in the norm, is not so siliceous 

th.tt it ca-not precipitate mt 01171ne as an ear2y phase. The cmposition is such 

that it lies very near th cli, opyroxene-forsterite bou-d--: but :!thir, the forster-

ite field of the invrsated system anorthitc-fors' .11.te.si11ca (Bowen, 1928, 

P. 42, 72). Thus in .t(-1, chilled contact fades of t.h diallase we f'nr" s.-me nicro-

phenceryAts of olivine 7:ch forolo(7 in t'le ma :ma due to s12 -lit cooli- • as '• vas 

intruded and were trapped byr'reez 11,3 of the 1Lq IA at the c 

Crystallization of plagio-lane and pyroxce-le commenced soon after the o'ivine. 

Thc netro7raphic data arc inconclusIve as to whether pyroxe:e or pla t)clase was 

the first to crystal?'ze. But in the chi led zone at the Isottom of lettysb, rg 

sill micropherocrysts of i,:);ite, some of them e'closin.; one or t7To sm, 1 plad_oclase 

ae frozen in the fine-grained ;roundmass of the plariocl-,se intergr-nular 

au_ate. Apparently a few pla-ioclase crystals developed i 'icliy and were 

followed almost immediately by vroxene -ghtch san. and Yar 'A.I.rle,1 in the quickly 

Chilled contact facies. 
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Because heat -as lost more rapidly from the %Tier Dart of tc., ma98, a relatively 

fine-zr -Ined roof of dilbase was ford. Complete solit'Afical,lyt tool- place ir tYe 

Trier p?rt before t,',e plaioclse and. 7roxe. e Ca c'-=1::e much ir --anoetion; so 

we find a rel.itively .;nifo7m diabase wit. relatively ma: esift-r'cll 

pyroxeaes am zoned p1a7iDclase of a com7osition not much more sic t i% that .:1 •Lch 

formed at the cY tset of crystallization. In the deeper parts of the intr sion 

were stIll fluid , cr7stallization ;as proceedin; in a more leisurely ma--er and 7re 

may strpose that, y analo7y other similar intru:Ions, Vlore -7a7 a certlir 

amount o- Irnritat'lre settlin3 or pyroxene anl s,-)me early olivine. 

By the t crst)111zation had progressed to the st .fe, there 

remained a res:-lual llautd, part of 71-- c11 occureed crystnl %-: was con-

celAra,ed locally In the upper pnrt of the body as poe;.:ets of liquid. The writer 

is not nrepored to specify what mechanism was operative in lor!_n,-lin about the looil 

ccrIce tration of these pockets or resigl:lal livid. Crystall'zation from the top 

and -:,ottom of the intrus'on, leaving a residual liquid between ease' so' , /tified 

diaase, was possibly the dominant process of concentration, though other factors, 

irc: di,i; gravity and cor':ection, have -ontribcted in part. The c ,certration of 

iron and titanial alkalies, and wit r 11 ti-e remaining n5d -71:s, 

while ma,..!.nesia and lime had been depleted. Correspemdinly we r- 7: the pla ,1 clase 

more s-xlic and the nyroxene relatively rich in iron with an al,undanr!e or alkali 

feldspex and quertz as micropegmatite between the nyroxene and pla-ircl ,se cr stals. 

A Nod deal of the iron and titania combined to form titaniferous me,i.netite and 

ilmenite. The lower temperatures and high water content .7ere favorrCle for the 

development of some hornblende, which formed by reaction between the -,yro-r_e e and 

the r:17.1a. A little biotite also crystallised. The form' tion of hornblende and 

biotite released still more silica to the remainin -
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Pineralizati,)n.- The interrediate stale was a critic-1 ,ne go far as the Dil:s-

burg li3trict 7as concerned, for r, tl.e magma, rich in Iron was at the same tine 

c arged -lith volatiles. Here was a note $ .l mineralizing agent hylrone,mal 

s'.;1 tions Isich in iron -rhich cot:ld ante:- tho r!crini,ry r-T71s, metamorpl,Dse them and 

denosit iron a r etite. -celease of the :LI:Aralisin,; solutio,is woul,' increase 

the -1 -cosity of the --:a7la 1r' -rcvent inIrther differetiation. The writer 

bel'evcs th!_z is esse tially what happeed at r;. The residual malma of 

the i- terrediate stage had collected In v me bPlal 1.F1 solid, imnervious cover 

of :iia'ase. Practures were ri;cc i nerhaps by moveLents in the 

underlying pIrtly fluid, pa-tly soli6, brxly du - t ,3,rges of fresh ‘alma in depth, 

-,serh-Ts bees:Ise of the high internal nressuces beim; develo-,ed by crystallization, 

or perhtu,s merely by cooling the cover and forrltion nf tAr sion cracks. Some 

of tl:ese openin,;s reached :nto t- ,)rtion IL which crytallization ias fairly 

advanced. Under pressl.ze the volatilo-ri_ch solutions esc!ioed, tak Ath them 

se of the oxides, particularly iron. Those became the hydrotrmal solutAons 

:-Tc..11 passed thro 7,h the overlyirq-1 sedimentlry altred and devlod new 

mirmr-tls ih them and, findi-.4 the layers of llmestone cDrq;lomerate, replaced t:e 

Cab in carbonate with new minerals, among thes manetite and calcIum-irDn sii:cates. 

.2111,Pematte,.- The diabase perittte represents magmatic 11q d e-Arap?ed in 

esstially solL'Afied but possibly still mushy diabose at a sta-;:!hen crystalli-

zation of much of the diabase had. enriched the lig:J(1 In viscosity-re41'77 

volatiles as -

1

.Te7_1 as alkalies and iron. From .C:Is liquid plagioclase and pyroxene 

continued to crystallize with coarser gr-ii,1 than in the s rroundin7,1 essetially 

solidified, diabase. 

With coltinued crystallization the remain:lag liquid chanTed in composition 

toward the end was no longer in equilibrium with the solid phase. Thus the 

pla7loclase isetron;lly zoned and eaws continus ,-Towth into the alkali feldsar 
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Dter7o7in ::i-rolraphically with quartz; t1O f11 s-)1' tiDr al ered the earlier 

firmed plaloclase, likewise, to ca.7in - so;utio-s reacterl •..th pyromme 

ail developed rims of hornblende and soms TYn removal iron as raanet te 

rather than in combination Tth siL'ea as pyroxene, and develo:lient of horn-

blede a.d biotite, au -Tre-ted the aL.ount of silica in the rcri liqi a,d there-

by i-creased the quartz in the final interstitial material. 

The heteroe-eous diabase with its coarser-;rai,ed -latches ad streaks 7thich 

lies *Just below the upner chilled zone had an ori7i” similar to th,- diabase 

neT.Itite. The network of coarser-Tvlined diabase, miieraloc!ical compositior 

is m.)re like that of the diabase nemnatite than the finer-Irli-ed diabase of the 

7:1trix, represents volatile-rich stresz in early solidified but still musCily 

nagma. Because of their volatile-rich c: -r-,cter these patches develolled a coarser 

grain than the surrounding mptorial. Th7' mode of -:ccuaillation of these volatile 

rich streaks below the chilled roof is not et'rely clear. Possibly crystalli-

zation of the roof downwards forced ce,IL volatiles into the partly liquid magma 

below, or bubbles of volatiles from lower down in the bo,4y moved unward and 

accumulated in rItreaks and la7ers beneath the solid, chilled roof. 

The dialv..so pegmatite belongs to a la'a sta-T. in he crystallinati'm history 

Of the diabase, possibly overinppin7 both the 4.ntermed;ate ar,d fi-al mftguatio 

stages. 

Aratasa=.. The 7;rnnophyre represents the latest sta7 di7ferentiation product 

Of the diabase. The residual liquid, now much depleted in olatiles an.-7 most of 

the mafic constituents cryst'llized morc rapidly to ;ranonhyre, a rock composed 

principally of alkali felisrar, cpartz, and a little pyroxene rettively rich in 

trDn. Thus we have an abrupt trwsition from relatively coarse-Trained graophyric 

diabase to fl_ne-grained granonhyre. Quite possibly the release of nresslase 
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attedin:; t7in escarK) of the hyeirJthenr.al starte('. .,,Are:e- t o resiMtal. 

ma:ma under pressure from elsewere ir the diabse body towarc" t point(s) of 

lower nressure, thus aumenting t.e slirly of c1ftcfl a7A. 

The develop-Tort flf a..lrophyre fr2r imr-ortpt 

principle previosly emphasised by 1arsen (1938, 7, T)eer 

p. 23C-231), 'rql:!ely, that the 7aaximum chan:v o: c.pmnosition (Idle to differe-tiation 

of a basaltic maa in brolv:ht about ony a2ter crystlization of 7 to l'!O per-

ceA of tts 'volume. The effect is to give a:- nbrl'ot c7: 7e in rcvk types, a cn-

traste suite such as we hove here. 

exp)a- ation for miarolitic lra-ophyre masses which 

are dLfforent from the f,.no-rii.red hedenberlitic gnnonhyre may be that they 

*ere able to retain their hydrothermal solutions for a loner tine. This woule 

permit the develent of 173rger crystals, and ‘..111 also expinin rreeomina-ce 

Of hornblende over ryroxene. Then the hilh Thternal pressures were '..el:evw! or 

overclve the external pressure, t erace begar to vesicrlate, b.t th loss of 

mineral -tzars rapidly incrensed the viscosity ard the 7a:!-A froze, tranpin.;; some 

of th bubbles which late' yialdoi miarolitic cavitl_es. 

Itiresat.... For reasors discussed above if 19 cert-lin that at Vle .Y:nc of its 

intrusion the me7la was almii,t entirely licArl. 7,osmar and Verwir (1913) deter-

mined the temnerature of the liquid ma7ma o^the P,Ilisaies si71. at th2 time of 

intrt:sion to be less thnn 11509d. Hess (1941, p. 5824...53) poineopt the vane 

of pyrxcere as reologic thermometers 37:7 estterl a tempert0.,”re (17 11200 4. 10°C 

for t',e Palisades. Hess's method makes use of the inversrr, temneral, re of 

pigeolte t,:).hypersthene. The (U.abase be eath the upper chilled zone at TAlls. 

burg has pinonite rihich is m5!t1y inverted to orthopyroxee, indicating that 

the temperathre qt which i crystallized was at or sllhtly above the 1,- version 

tem7,:rature, slightly more than 1100°C at this 0:FO0 ratio. . 
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If, as th3 a th-u. 13 incliner'. t-) belic,vr, the hc3denber;it ,r uhyc 

is an inverted -wollastonite solid similar to tl lt descrhed by er a Deer 

for te Skaergaard'intrusion, we can also approximlte ti tr--:)eraure to71rd the 

erd or to. c,..779t1limatior neriod, t s - ett which t'lr, 

Th is iversio- nlace aron7' 955°C. 

The differe7:ce in trzperat,Are, then, between VIP time of 7-tr-s1on or strt 

of crystallization and its virtilal completion 's on of 1950C. 

0? SY DT tF33F. SHEET StPriv,AST - ;Tvik 

General State7'nnt 

Oval an el1i7tical oltcrop patts are IharacteristIc of the diabase bodies 

In scc.theastern Pe-isyvanla. The leololic Map of Pe-sylvania (Stose 174. 

Ljun4stedt, 1931), from wl)lch fil'ure 1 as taken, shows several elliptical diabase 

rings occurrin7, in a belt in the northwestern part of the Tria7Le3ic 1)2s1. beginning 

South of Reading and exte dim.; northeast to the lelaware River. Another series 

of amallor and less well-iefined rir.s of diabase extenis southwest from Cornwall 

to Dillsburg. A singl, small, almost circula rin7 of diabase Is found just 

north of the Perr, sylv-,nia-tryland border scrthwest of GettyslTrg. 

As ion:: a7o as 1908 Spencr (1908, p. 44-45) suggested that the rin-like 

chain of dl.abase intrusions in the nlrthria7ern Tart of wrcl the surface 

expresrAon of a !practically unbroken sheet." In the sotheastern pArt of the 

Fairfield quadranzle Stose tr:d lasr,om (1929) sh=7: sheet-like diahase musses which 

owe tleir form to their pos3ti.on of tntri3ion alon a shrt distance above 

14011e contact between Paleozoic rocks and fint-lyinp.) overlappin Triassic sedme-ts. 

:ost of' the intrusions, herflr, have been interpret,A as conventional sills and 

ad steeply-dipping, dike-lika discordant bodies with concordant sill- un basin-
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snencerts cclusions hve cfirm&. 'Jxploras at 

Dillsburg and elsewhere and by a Irvity srvey near Quakertown. It seems 

t7-t, a sheet-like habit is chnracteriatic of roost of t'.17 nassIs 

exhibit oval or rin7,-1ike outcrop TyAters. 

Stmt ral nistor- of 42T, 

The Trisic belt or sn'theaster- -,- 17 v--ia represents a contine tal 

basin in which terreqtrill sedimerts were lenosited. luring deposition of the 

sedime-tary rocks the blsin was gradually sinkin: de to downward flexi,v; or 

faulting alon , its nIrth-rest edge (Stose a- Jonas, 12191 p. 107.108, 119). 

The northwest border is so-7. narked by a fault boundary in many pl:ces, eeas 

the so the st limit is usually an unconflrmalle depositional contact on the 

older rocks. Frnctitring of tl,n basin provided vr ts for the upward ;overlent 

of ma-,-a, which was intruded *- to the sedimentary r ,c s aLd 3olidified as di3-

hase. The sedimentary r-)-_s -ere metamorphosed to quartzites and h)r-istone in 

the vicinity of the diaLasP irtrusions. 

The Triassic sedimeAary rocl:s are not rich dist- -bed except for normal 

faultin'; and general tiltinl to the northwest. The predomina-A trend of the 

strata is east-n,rt'least and the dip avera7es about 30 degrees to th orth-

west. In laces the-locks are ently flexed but t'2 rei;ion-31 str:c.t re is 

7e,eral1y honocliaal with a tTentle north.,:est dip. )strophic activity 

virtually ceased in the Triassic bas'n before or nt the 'ine of liqbase 

intrusion. 

StrlIct-ral leology e the 2.111sburg District 

ata2LE2 of .the Sedimetary R.ocks,.- The iredoml--,Int strike 7)." the Trias7,ic 

sediments in this region is n-I-theast with a uniformly gentle nortrest di 

at anr,,,les raning from 15 to 30 degree. 3t71dies by Stose a, Jonas (1939, 
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p. 115.120), the 'general relations in th,- f7rill holes, a-:% the character of the 

sedimentary rocks indicate that the beds are hi.:hTy lenticullr. 

:ost workers agree that Cie sedimentary rocks occupy a basin whi.ch is tilted 

to the west a7,1 terminates a:iaist a steep —)rmal fault on th2 ri..)rtest border. 

Tho struet:re of the 'sir at Dillobur:; conforms to this geeral structural 

z‘AA.tern. 

11.2r1 o2 the Diabase ;ntrisions.- Stose a'd Jonas, a- Stose and riewf-:: have empha-

sised the c,ncept of a sill-like str ctixe for much of the diabAse t York County 

(Stose and JRnas, 1919, p. 1'5) and elsewhere in eastern Pen-sylvanta (Stose and 

1916,; Stose and Jonas, 1933, p. 42). Where the relltiors are ailnare- ty 

discordant at tl_e surfIce a ,Iteeply-d'Inping dike-like by has usually been 

postulated. Part of the lar7n dialr!se body east of Dillsbl3rg has appare't con. 

fprmity with the bedding in the sedimentary rocks, (Fig. 2). Ho-lever, the ring 

of diabase wirrourv1i-.1 area is discordant 7ith the structure of 

the sedTme-te on all but its so,-th sine, where the beds have a northerly dip. 

Snencer interpreted the body of diabase occupy in an oval area an;' overlying 

the ma -Pnetite deposits in the nillsbqrg ore field to be in Dart discordant, 

thoucth in hin descriotion of thc mines he assumed c)ncordart rel'Itions to exist 

in -1st places (1908, p. 71-72). 

Harder (1910, p. 601) interreted the diabo.se overlyinq the ma;letite deposits 

I5 a s oet wh'ch "...appare' tly lies on the sediments with a rolling uneven con-

wh'ie the outlying smaller masses apnear to be erosion remna-ts lying in 

troughs on the Trface of the se(liments. The sedifle,ts underneath the diabase 

are continuous with those s:Troundi.,: ,hem ad have the s-lme -Irevailing dip...". 

Diamond drillin has nrovod Harrier's concept of the structure of the upper 

'1 . 51')ase body to ')el correct. In each drill hole a cap of diabase 60 to more than 

11J0 feet thick was penetrated ab.:ve the metamorphosed sedimentary rocks. Fror 
. 64 . 
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structsre ssction throu:h t'le drill holes (Fig. 3) it 's evident Vsst the cos-

tact of the diabase w5th tc underlyisg sednerts is dissordaA ass: essestially a 

flat surface. Several (11'111 holes osco:,ntered a second mass of diabase below " 

sediments in the magnetite-bearing areas. This userlying intrusive body sas nst 

Is's= prior to the drill hole exnloration. Its upper ssrface, at least within 

tYe drilled area, is a discordast, gently undulsting surface. In one 3r111 hole 

a mass sf granophyre was 7scicys)d beneath the upper chilled zone of the diabase. 

Similar masses of granonhyre are Is-„own to occupy the higher parts of other thick 

diabass masses in York County and elsewhere in Pennsylvania. It is inferred tst 

this diabase beneath tho ore deposits Is s thick body (1,000 feet 4). 
iNNII 

The "upper" diabsse sheet is almost continuous at the south with the in 

mass of diabase excelst fsr two sarro7r strisss where it has bees removed bi erosion 

(Fig. 3). The diabase sheet overlyirm the ore deposits was fsrserly continuous 

-e_th the body to the south and constituted a minor offshoot. Exploration has 

clesrly shown that the lower diabase fu- d the body sosth of the ore field are one 

and the same. A magnetic ssrvny of the district conducted by the Bureau of !!Ires 

°Wined an area of nagretIc attraction over the northern edge of the inge east-

west-trending mass of diabase which borders the 7A1lsbur-g district on the south. 

Subsequent drilling proved the existence of oss-besins sedimentary rocks beneath 

thc diabase, and diabase was shows to se nresent also underneath th etamorphosed 

se,limetary rocks. The sedimests do not crop out to the sosth within diabase, 

hence they must wedge sst somewhere south of the southernmost drill hole, rd 

Vs,, lower diabase must therefore be continuous with that exposed at ths surface. 

Thus there is a Taste of sedimestary ro-ks 200 to 300 feet thick iyins beteen 

tso nesrly horizontal diease sheets 'r'd wedging out sesere the Lso masses join. 



1717;z-ec 16. Structure sections of the DillsbiTg district, 

Pe-.7)sy1v1.a. For ocation o77 sectioT!s see 

re 
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The striet.,ral intcrpretation favlred by the -.yriter t t- c tI se 

the Dillsburg area is part theslme mass which surrounds the 

Its Te:eral stret-tre wonld b Vint of a broadly e cave, 7)l4ter-

like sheet whch truncat,..s sedalertary r r:13 (Fig. 16). 

The body arrya-etly is an offsh.pot of the .1.1ettysly.irg sill. 

In +.7-.1 Di1lsbur7 area t' are is eIrcic,ce of 3isturbance of the sedinc• tally 

rock!' b: intr1.1sion of the diabase. Uplift of the sedinits above the lower 

diabase aheet has caused an apparent horizontal displace7r1-1t of the Heinersburg 

momber 17 th - .Gettysburg shale (Fig. 1). A c)ntinuous bet r)!Heidlersburg is 

interrnnted by the large mass of diabn.se,97(1 a (iisnlaced seTment occurs 4.n the 

i_slated plate of sedimentary rock eafq nillsbur7. The change or 

strike bcdiirl et a-d sol.theast of nillsbnr,,, r.av also be the resr't 

ti1tin7, of the rocks above ard ad!acent to the intrIston. 

The Cornwall District 

The Cornwall ml t"te deposits ar It'ited OY 4' s l .rt'side of a small 

dIh'3e rin: 7 mi';s south of lAbanon (171„1. 1). The leposi,s occur in a wedge 

02 hie,•zoic limestone between Triassic sedimentary ricks on the south find 

diabase on the north (sec 17). The dia'42.se has been in'erpreted by -Ty:neer 

p. 19-20) and others as a 77.„-Tc or iess vertical dike on the n•rth with 

a thin sill-like offshoot which comes to th- surface at the south. 

')iamond drillin,s by a -rivate company has shown that the diabase on the 

13rth :1 4e Is not a dike but a sheet about 1,000 feet thick dipping gently south 

0% 11. Drilling to the south toiard the co ter of the ring, which is occupied 

by TrL.ssic sedimertary rocks, has shown that th diabnse extends beLeath the 

area, --the.e it bec ;,nes a 'early flat-lyinl body. T!,1:- diabase is here inter-lreted 

as a coTtinuous shallow been-like structure only locally concordant xith the 

strlict re of the sedimentary rocks, which dip :e t': ,rth. 

https://dia'42.se
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Flo,ixe 17. ~~eolo,-ic rvir and strnc-tl)rP. )f th-,-- ~.'orrrvall 

district, 'Pf>n--,syl.vnn-l.--), 
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The Theatfield Distret 

Tho Theatfield group or -t:Tte deposits is sitted 7.haA 7 miles 

west or Rear11n,1; (PiI. 1) in a re-e:trart of Triassic rocks fl.t the rorthwest end 

of a large rir-: of iabase whr,se ion:: axis trends 7,orthwest.sxtheast. The ;a7 

sYs the geoloy of t1n Thcatf1e1(1. Vstrict. 

Exploration by diamord drillin: han cienrly revealed that th diabase forms 

a -like structre wh'c': is somewhat co-ca7e than the intrusive sheets 

at T)illnlyLrLI and Cornwall. The Triassic strata dip about 300 solth and the 

icr si_abface of the diabase, though :- ore or less concordant on the north side 

of .t. ; 'nsin, in 71arkedly discordant on the south. Iformation is lacking to 

prove or isnrove that the dial,ase is a sheet, since no drill holes passed 

thro,01 the igreous rock. 

The Qms:kartaw.1 District 

An elliptical body of diabase whose ion axis strikes northeast is present 

at Quakertown abo,_It 12 riles soAhwest of the nelawar River (Fig. 1). This 

area was recently the sul7ject of a :;:ravity surve:, by J.r. Hersey (1944). 

Although the Triassic sedimentary rocks occupy the center of ellipse 

at t z..face, a 7avitationa1 4111h" over the area (Fl:. 1Y), indicates the 

presence of diabase beneath a thin plate of sedimentary rocks. The rlravitational 

rlattern. is symmetrical and conforms to the shape of the diabl5n ceAcrop pattern. 

The anomaly, accordin: to Hershey, Julgests n thickeninl of the diabasl tqlard 

the central axis of the str;ctre. If one flqnk was the feeder (dike or sill) 

and the underlyInf_; sheet a milor offshoot from the main mass, one would expect 

to find the Ithi11* over c! .e edge of the structIlre directly above the dike.like 

feeder. Vereiey states (1944, p. 439) that "the gravity anomaly could be caused 

,-.7 
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by an intr,, s 1/2.e. rovj:hly 100 feet tl:ck !•ear its ed7es a abot 1300 feet 

thick alon-, its axis. Figure 19 illustrAes the possible structre of the dia-

base body as modified from a diagram by rershey. 

The Boyertown District 

The BoyertovIn magneUte deposits are located at the easterr *.I1 of an 

elliptical .-.ass of diabase, as shown ir figure 1. The followf_n di.scussion 

is based on a written descritio7-, by A.F. Buddinton and fl.E. Hawke, who 

studied the deposits ad mapped the western part of the elliptical structure. 

At least the western eTv-1, anl possibly all, of th- diabase ellipse occu7Aes 

t?,e fLnks of a sylclinal stricture in the Triassic sedipentary rocks. The 

syncline in the vicinity of Boyertown is asrnmetrical, 4ith dips of 50°S on the 

north limb and 20°7 on the south limb (See figure 20). The wester- e741 of the 

syncline apparently abuts discorrl-oitly a7ainst the co-tact between t7- e Triassic 

sediments and the Paleozec limestones. This contact, -:Th - re it hus been :no.ried 

in t1,r1 course of mi-1!-17 n.nd exp1ora'1,': of the Boyert.:- ore bodies, dins 300 

to 45° east-southeast. Th dia'ase here appars-tly occupies tract res in the 

limestIne immedtately ad!acent to and approximately parallel with .he contact. 

As far as can be inferred fr,:m the very nea,cr field exposres, the diabase 

sheets in the vicinity of th -line sharply trarsgress the hedin of the Triassic 

sedime. 

The main diabase outcrop is broken in t..lo nlaces, i‘rnr.; isolated area 

of disease about a mile nort of Boyertown. It may bc reasonably inferred that 

this diabase body is co,Inected at de7Ah with the main mass and is an integral 

Part of the major igneous strIct%re. Local expost.res of 7,ralonhyre similar to 

that described from -7ere fourel near the southwest o,.7 :e of the isolated 
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maso. The position of the 7a.ophyre 771U 27spect to the cont-ets and ap,la-e-t 

strcts.reofthee-closing nse su:T:rststMatitoce-„zsintheupper part of1-

a thick sheet dinpin moderdtely to the south. 

Evidece is ::ot avnilable to indicate whoter the diabase forns a sill c.. 

formable with the sodime-tary struct-re, as fl,-)stulated by Spencer, or whether it 

is a discordant, platter-sh-7)e0 mos similar to !!1704- described from 7)illsb-:rg. 

Comperinon 9th the 7)o1er;te Sheets of ScrIth ACrica 

A.L. Du Toit (1920) aad fl.. 3choltz (1?;6) dolerite intrusions 

in te Karoo sysLor. of 3outh Africa 7"n have forms r,qoarkably similar to the 

diabase bodies in southeastern Pennsylvanta. Tha bulk of the sill-like intrusions 

are curved sheets whose "... outcrops.. .deterrined chains of hills snakinl across 

the country* (Du Toit, 1920, p. 7). ?1!_n_lre 21 tnIten from Du Toit's paper shoJs 

the irrevlar ri.nl-like plan of the outcrop of these i-tr,.:siom the exact 

counterpart of whic is to be found in fie 1 -d. ich shows in plan the diease 

bodies of so' theaster l'ensylvania. The sheets of East Griqualand and Pondoland 

stied by Scholtz (1936) are well k7- own bemise of their ansxiated nickeliferous 

ore denosits. Accordin to Scholt7 many of the sheets are rudely circular in 

LTround plan and exhibit a basin-like structure with diameters up to 10 miles and 

thicknesses rangin:.: Prior less than 1,000 to 7ore than 3,000 feet. The sheets 

are characterized by r!Idely parallel, 1.1- A markedly undulatory, upper and lownr 

surfices. 

These a7e discc,rdant intrusions unlike the bodies wh7ch were Intruded 

into generally westlard-dippi Ts locally gently folded beds, thri rocks whch 

they intruded are esse.tLally horizontal. 
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Th() similarity betweiJn the Pe,:-.sylvania a- 1 So:1th A‘rican intrA3ions is 

not • o e of str.,-cUre. Th 3outh African seets ez ibit doleritic nrial 

chill ZOC3, and the crerrt) of the arches or the intr slons aro in some places 

eAarleterized by the -,rese:iee of rockc Tranitic cosition sirllar the 

:ranophyre in the upper parts of the sheets York County an at 'oyertomn. 

Origin of t::e Diabasn T.-loots 

In this region ')f7 :-!nsylvana tilerc are few tr. o sills in the usual meanin.; 

oI' t;]1 term. The Gettysburg sill appare tly fulfills tie requirements of the 

dCThition, being ir most places a ge'tly inclined concordant 'col?.y. The -any 

masses of dialonse with their elliptical or circular outcrop patter' are 

part conformable to the bedilm_T: of the encloen sedments but in -,nny places are 

discordart. Althoulh the dfea aro n7!t yet complete the available informAion 

preserted above indicntes that many if not all of these diabase bodies are con-

tIntios beneath a cover of Triansic sedime-Aary rocks and are basin-shaped. The 

succession of a series if hallow, baf31-1-like bodies suggests t.)ift, in places, 

as for example so th of :112111rtown, the diabase farms an effectively continuous, 

ge,- tly rolling sheet. Erosion has rerovod 3D:)e of the cover of sodime-ta-y rocks 

so tat the high parts of the sheet are exposed, : ing the effect at t.e surface 

of a series of connected links in a chaili. 

The only form in A c the dinse intrusions occur in the oller rocks o t. 

aide the Triasnic basin s as dikes. It rcr,11 seem as if the olier rocks with 

their complex str-ct7m1 -Jere more resistant to the intr.sion of the fliatr),se 

magma, and restricted its 7-rse to a few lell-defined, preciete=ined vertical 

fracturc7. In the Triassic sedimentary rocks the invading mazma, finding easy 

access along beddin planes ard relatively flat-lying potertial open spaces or 
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actual fracti- ros, was at- e to raise t3 rc rea 

Dial-age dikes arc kno,yn to occr t:troLl.hoTt t.7e 'Priassic Lelt as well as 

in the adjoining areas of oller rocks. Some of teso have been the lverues 

thro.: ;h which the dia'Ase ma..;ma was fed L th sl7eets. Some of the sheets m,. 

be in part offshots from larger intrLsl.ons. for example, thc :arge mass of 

diabase east of Dills-rg and the flat sheet bene 11 the ore deposits appear to 

be offshoots fror, the lettysburg sill. Some or the diabase may have rsen along 

fault sones at the northwest border of the. Triassic basin. 

The mechauiem whch cortrolled he basin-like forr assr.led by these intru-

81.0'1,:: is not clearly understood. The clrved form of the diabmse sheets mtht be 

Teted as leIng the In nart to the developmet fiat to ce-ly un-

dulatin - fractures in the Triassic sedire,ts. These were s t.sequently filled by 

ma7,na which corsolidated as diabase. -There these fractures were joined, the 

of diabase was continuous. Some of tie sheets be erstrolled 

arigLIal ger.tLe s:mclinal str ctrres in the sed::ents. Du Toit (1920, p. 29) 

suested tl,at the c rvi-1: form in the Karoo dolerites have betv partly 

or wholly determined under the stresses set 11) thro ih th- r .11 erla.sion.* 

Fractures developed d. ring the tilting of the Pe:-:IsyJwinia Triassic bnsin probably 

served as conduits thro h w1,4 ch the di-l-ase maria rose into the aceumulateo 

sedime-ts. Perhaps relatively flat ftact res were also produced at th's 

It is pdssible, larever, that actlal fractures were necessary in order 

for the mgma to seek a sheet-like form. ''ome physical conditios may have existed 

such that the malLla found it easier to :Tread laterally than to rise to hither 

levels. Under these circumstaces the mama could probably wilco its own way by 

startIT,, with initial irregu:arl..ties in the conduit wall I y following potential.. 

planes of weakness bro ght possibly by tension in the subsiding sediments. 
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Accordin; to E.!!. Anderson (1942, p. 13, 141) the thin eil:e 32 a- aiva cing mgma 

sheet has a pcelerfUl wed._:in: effect by means of vh. e: it Is s le to adva :e itself. 

Scholtz (1937, p. 202), dielctissing the mecha- ism of L tr- sion of the Karoo 

dolerites, postulates that the initial stages of ma-nntic activity resulted in 

extrusion of Teat q-la-tities of lava at the Ta.face, which eve-tually 

consolidated an' acted as al effective 1-,a-!rier to th escape of the rising magma, 

which --1 - renetrated note-tial lines of weal:-ess developed in the still subsiding 

sedine ts." So far as is known there was over1;. rden of lava in the 

Pe—sylvania Triassic basin. The amount of sedlmerta— material eove the press t 

level it t t t•-e of dia' ass intr odor is also unl:nolln. It must have been cons'ler-

ably in excess of' 10,000 feet, because the difference in elevation between t',e 

pre-Cretaceous Schooley s-rface on South Mountain west of Dillsburg and th3 preset 

Triassic surface is shout 800 to 1,000 Net. However, under proper circumstn cos 

a consirierable thickness of sediments miTht constitute a barrier to the vertical 

rise f the ma7aa, ihich then found Its easiert relief by snreading laterally. 

pictures "...the injection (of ar.y.,na as sheets)...as belly; of the 

nature of a ritual exchanle of pince hetween the settling sedimeAary formations 

and a concomitant hydrostatically elevated quantum of magma..." witlIput 

any arching of the roof. nu Toit (1920, p. 28) on the other hard c-Insiders that 

introduction of the Karoo sills must have "...produced vertical uplift of the 

overlyinc; strata amo nting to the thIckness of the intrlasio, at that point 

meas -ed vertically." As we have seen in the case of the Dillsburg intrusion 

there is evidence 0" uplift and dist' rba ne of Va o-!erlyir sedinertary formatiors. 
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GE.ERAT., 3'nkk7Y 

Small local massos Tet ,onhyre occur I:. tl 12,),31- )- bodies 

in the Triassic (96wark-Iettysirl) basins or southeaster-. Pe;:i.sylvanla, particu-

larly in the Pillsburg d'strict :Jrt'er:, York ',ounty. ratho11 thas :e- era: 

boen aw:iuned tat the Tranophyre bodies were :.1erivE.d fram Co dilbscv b differen-

tiation, no detailed study of their petrolo4c reL ,.tionships han heretofore been 

undertaken. The core from a diamo-A-drill holr? cii enetrai,ed the ',1-1pe' -t 

of 1 large dia'Ase mass un(4erlyin-f the nillsburg m--qetite deposits reve,'2,' d a 

cr. lete section of 3.ial:ase Daosirl into 7ranoplv.,. Thi:s an excellent op-ortun;ty 

was afforded to make n detailed petro;raph'e an4 chemical study of the diabase-

orhyre re3tion3hips and, in (loin: 30, 1,0 co-trite to a better '1-Iciersta djng 

of the genesis of ;r1-.:ye from dase'- this area ad its possible relation 

to the origin or the .rA -7-otite .leposits. In addition, le-:eral field and labora-

tory studies were made 0 the other Tanophyre bodies occlIrring at thr= sl.rface 

in this and ad.loininr: areas. 

In the drill-hole section five main roc.: types ,lere recognised: diabase 

chill facies, diablse, peTn-tite, 7arophyric diabase intArnediate 

botveen diab.)se a-d irarophyre and ?;ranophyre. These occur in the section from 

top to botto7 in t', rder named. Grallophyric diabase also underlies the 7ano-

phyre and is presumably silcceeded in depth by an unknown thickness of diabase 

:enetrated by t's drill. The units pass gradationally one into the other, 

and there are no sharp boundaries or other fe-It.,res indicative of intruAve 

relationships. 

The small lenticular masses of granophyre in diabase exposed at the surrace 

elsewhere in southeaster- Pennsylvania occur in the uwer part of the diabase 
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bodics beneath a roof of iiabase. Inlike that e'conter-d the lrill hole at 

Dillsburg, nost of these granophyres are coarse-rained ad ma:: -2:ve, nitro itic 

cavities. Hornblende rat:Air that. nyroxene is the usual mqfic cral. A file-

gr): niaroTitic granophyre ha§ a, intr sive rel 'ionship into a dia. a .e 

at Snfe Harbor. 

Folloqing detailed descri:Aial -7ttroTraphy and mireraloy0 the 

possible oriins of gra, onhyre ar C-sidered. It Is concluded that crystal 

differe.tiltion in large intrusions 'iabase after emplacement most satisfacto-

rily explains the genesis of granophyre in t'*..; region. The course of liffereiti-

ation can be traced fr3m (!emical amlyses ald DetroiTraphic evidelce. 

Analyses of the chilled facies of the tlialuse show that the original ma77.1a 

was of the satArated, tholeiitic tyne 'thie:- shows free quartz in the n .rm. Due 

to differe-tiation th magma was progressively enriched in iron, alkalies and 

si'ica. Correspond!ngly, the pyroxenes became richer in iron, the feldspar more 

sodic, and the amount of lartz increased. Iron increases in the resiival 

up to a late stage but declines in the final fraction product. Pyroxene folios 

the expectab's trend from a magnesian variety in the early stages toward iron 

rich member3 in the late Deriods of crystallization. However, optical data 

indicate that the composition lies on the diops!de join in the rocks of later 

crystallization and hence is rich in diver:ent frpm th, lutae curve 

Indicated by Hess an the exnectable coarse to be followed in rocks of this 

c9m;.osition. 

The mechanism of differentiation ut Allsh•.rg visualized by the writer 

as follosNs. Su sequent to in-rusion the nagma body bef,;a, losing heat. from the 

top a-d bottom. By the time crystallization had progressed to the "intermediate" 

stan:e there remained in the upper part or the nearly solid mass of diabase a 

residual liqnid rich in Iron and titania, volatile constituents. 
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Before t',is r sid;41 nagma c'mpletely solidified, fract res in t'.414 roof pernitted 

esclne 1,nder pressure of volatile-rich, iron-bearing solutions which pass9d 

into t' e overlying sedimentary rocks, altering tl-en replacing layers of 

limestone conglomerate /ith mar'etite. The residual liquid, now much depleted 

in volati-es and most of t vete constiti,ents, crrstallized to rn -tIvely 1-2*4. 

grained granophyre. Where it rete_ned its volatile constit%ents, large crystals 

developed, -Jith horn'Aende prodamina-t over nyroxeve. Ihel press_res 

reached v'tlues high e.ou;h t overco7-_! to superincuml:,, t lose., the ra;ma beTin 

to vesiculate; but the loss of the vola tiles resulted in increased viscosity, 

1rd e ;ma from, tralpi-g some of the bubbles a d developi,?; niarolitic 

struct re. iliahase pegnatite commenced crystallization in the interriediqte 

stale from local coace-trations of volatile-rich .apla. Because of low viscosity 

of the liquid, crystal :7,rowth continued over a ion or period, -nd minerals 

attained larp dimensions. with continued crystlLLzaticr the remrdnin.; sol.tion 

cha-led in composition, alterin-,, a:'1 replacing the elrlier phases. 

Ring-like outcro? ptr ..r9 characteristic of the diabase iutr:ec s in 

southeastern Pennsylvania. Drill-hole exioloration ?t-0. geophysical data indicate 

that the diabase in these rings has the form of generally discordlpt c.:rved sheets 

or basins. Comrmrisons are 71a:e with 'he Karoo dolerite intrusions ;,ich have a 

similar surface expression. "o definite CO' T*isions are reached an t.) the •Iri_Tin 

of the sheet-like form, b t al tsr: ative s..4;gestions of the controllinl 'factors 

are discussed. These are that t'e magma followed pre-existirlg curved fractres 

ar pote.tial lines of -aeakress develo-nd under .tre-e-s to tl-,1rnal xasion 

ar tension brou7,ht abort by sinkinl of the Trias,, c hin. Or, 1),Ici 1, of 

press re conditions in '- e r1c.k, the ading ma,Ta re.lcbed a posit1 hcre it 

could spread laterally rlti.er than continue in a vertical direction. 
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