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Fig. 8. Thrust zone on north side of Bethlehem Steel Company quarr;.
Steelton.

Martinsburg Formation - Allochthonous elements probably present eas:
of Carlisle.

Fig. 4. (Lambert Azimuthal Equal-Area Projection Bchmidt nefl )

Fig. 8. Thrust zone on north side of Bethlehem Steel Company quarry,
Steelton.

Fig. 9B The lineation L, g 4 2 should appear at the intersection of the
two dashed great circles.

Table 4. second line of text (as in B'l)
lines 14 and 15 for A’ A) read A -A

first line four S surfaces (not S1 surfaces)
line 6 Reading

line 8 for Figure 8 read Figure 5

mile 6.7 St. Paul Group outcrop

mile 13.7 Cross Yellow Breeches Thrust

mile 22.3 line 4 for shale read swale




CONTENTS Page

. THYRODUCTION «ueeeenennnnasnercasnsnnsnssssonesnsasenssasonansnnnsonesesnnennnnn 1

: FIYSTOGRAPHY 4 eveuuvennocnnsoncnnsatsacsasnsernnssnesesesoncennesansoassnnnnnnnn 5
) STRATIGRAPHY 4evvuunnrnunneeenneesecsonanassessnnerescsncasnnnsacenoneossrnnnnns 7
,?;_ INTRODUCTION +euuvervnnenncneneseoconcsscnnnnsoreennsassnenccecnnnssosenonnnns 7
CUMBERLAND VALLEY STRATIGRAPHY «uuueseeeennnnncnnecsssossannnnnnnnnesnnnnnnnn. 7

- LEBANON VALLEY STRATIGRAPHY +euvuoocecnnsesassnssensssnssonnnnnnsasasenonsnnes 7
RELATIONSHIP BETWEEN CUMBERLAND AND LEBANON VALLEY SEQUENCE «ueveueeeeoneennn. 10

STRUCTURAL GEOLOGY '.'lotv.I.-'..D.l....O".......'.'..tt......I"."........’.. 12
fu_ INTRODUCTIQN .u.oo."oto-'o'c-.lo..l..llooo.....-l..couf..00.".....0.0'00'... 12

STRUCTURAL GEOLOGY OF THE CUMBERLAND VALLEY AUTOCTHON tescsesssreavevensescscs 13
General StruCtural gEOIOgY 0‘0""'.I.0..‘..'.........'...'.QO....'.‘."O... 13

= Local structure R R R R R P V4
Folds v-c--o;oo.oqc--ooo-6-ooooo.o.o-q..t-v.acono-coooovov-oo-ooootoo.'..--- 20

. Faults TeTereresrecrertrretesctestcetrrrttenetetescsectractttnasovessirereas 23

;j- Fault and fOld mechanics LA AR A AR AR A R R R R R R N R R P P 24
' Deformation of the Martinsburg Formation veresesrecarsussssvrvrecrertsrreres 28

el ' StrUCtural history M A A R R T LR X T T T N e a1 * |
o Structural problems R R 1+
o STRUCTURAL GEOLOGY OF THE LEBANON VALLEY ALUOCTHON D R P .
f { IntrOdUCtion A A A N R O e L L T R T S e, 32
i;- General structure SN VLI CE I PP LILNLLITTLICYIrdnsee POt ITETIIIBTNOROPTORORIOIEIIRRSEBLESGBSES 32
Cross folding and multiple deformation sessessemerrrvnsesesssensnrsvncasncsnes 33

7 Structural details of the Yellow Breeches thrust veecesveresvssescccscasassss 35
e Petrofabrics M A A A A A A Rl L T 1<)

Synopsis Of.tectonic history M R L R I S I O S O 45

ROAD LOG FOR FIELD TRIPS

FirSt day l..ID.O’...0.0l’l'.".'.'lt'.-.....OO’...QOQI'."O'...O'-."O....' 49

'!l‘--coo.-.-ocococc-oo.oo.loooo'o'-ooo-o--o-..-.o.oo-- 49

SeCORd day l.".."..‘.'.".'bl..'.'.0......0.....I..OIQOOQOQUQ’O.;.'I....'. 67

-é- REFERENCES CITED .o.oc-ocoooc-.cn..ouo.vto.v.to.o-o-ooooo-t'.o'o-.--.ot'oao---o- 89

i 111




' ILLUSTRATIONS | PAGE

Figure 1. Generalized geologic map of Cumberland and Lebanon Valleys ..... 2-3

2. Tectonic map of southeastern Franklin COUNtY ..cecescesecsssesecss L&

3. Geologic map and cross section of Cumberland Valley, Franklin

County L R N I N N R R I R A N N I N NI I NN I NN Y 18"19
?f 4. Synoptic petrofabric data, Franklin County ...;................. 22
5. Fold development in Middle Ordovician carbonates ...eceecesessss 26

6. Fold development in Lower Ordovician and Upper Cambrian
Carbonates'.'."I....'.'-’-"'.'.'..‘I.'...l"."‘......-......' 27

7. Geologic map of carbonate rocks in Dauphin County (see Pa. Geol.
Survey, 4th series, Bulletin G 44, Plate 1)

8. Yellow ﬁreeches thrust exposed near Stop 8 ..viecsvecososvsscosses 34
9. Stereograms of eastern Dauphin‘County carbonates ..esevecscssess 38
10. Sketch map of Stop 1 .........:................................. 55
- 11. Sédiméntary cycles, SLOP 3 ceeereecosnvanccasscssorecasssnceansss I8
- 12, Stereo'nét plot of slickensides, StOP 5 tuvevevesessssresssasses 04
‘E 13. Sketch of structural relations at Stop 7 ...;................... 70
« 14. Sketch of exposure at StOP B cveeveveseecececscsncneseennsananss 71
TG 15. Map of Indian Echo Cave, Stop 10 veuesessecessossssencncessansss 78

16. Sketch of structural relations, Stop 12 .ccieeeescraresceenseens 33

Table 1. Stratigraphic column in Franklin County P -
— 2. Stratigrapbic columm in Dauphin CoUNty ..aeeeccecceesscacsccsssas 9
3. Cambrien and Ordovician correlation chart ...eceececssscseescass 11

- 4, Notation of fabric elementsS sueveeeeecaeciosvasosesvresasacassssses 39

iv




COMPARATIVE TECTONICS AND STRATIGRAPHY OF THE CUMBERLAND AﬁD LEBANON VALLEYS
. by
David B, MacLachlan and Samuel I. Root
Pennsylvania Geological Survey
INTRODUCTION

In the early 1950's the Pennsylvania Geologic Survey initiated a program of de-
tailed geologic mapping in the carbonate rocks of the Great Valley., The first pub-
lished quadrangles (Gray, Geyer, et al, 1958 and 1963) showed general stratigraphic
inversion and considerable low angle thrusting in the Lebanon Valley, but the exact
relationship of ;hese féatures to the simpler structures of the Cumberland Valley
was not established., Continuation of this program by MacLachlan and Root provides
a basls for resolving this problem. Root's mapping in Franklin County yields a
stratigraphic coluﬁn and‘portrays a tectonic style which reconnalssance shows to be
applicable to the vicinity of the Susquehanﬁa River, MacLachlan's mapping in Dau-
phin County demonstrates a low angle thrust separating Cumberland Valley type lith-
ologies and structures from those of Lebanon Valley.

The 31st Annual Field Conference is intended to characterize the Cumberland and
Lebanon Valley sequences and demonstrate the discontinuity between them (Figure 1).

The rocks here referred to as the Cumberland Valley sequence are Cambro-Ordoviclan
rocks of the Great Valley which have been traced from south of Maryland to the Sus-
quehanna River area with little overall variation. The roéks’of comparable age in
Lebanon Vallgy sequence, emplaced by the Yellow Breeches thrusting, have been
traced from the Susquehanna River area at least to the vicinity of Reﬁding without
much more overall. variation. Stratigraphic differences between correlative units
across the thrust, however, are large with respect to lithofacies variation within

elther sequence. This leads to the inference that thrusting has juxtaposed dis-

tant segments of the depositional basin.




Figure | Generalized Geologic Map of Cumberland and
' LLebanon Valleys

{ Based on 1960 Fa. Geologic Map with revisions by J/ Clark, 0 MacLachlon, and 5. Rool )
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The Cumberland Valley‘sequence is structurally included in the extensive South
Mountain anticlinorium. The tectonic style of this sequence is characterized by
regulariy oriented axes of elongated asymmetric folds and many steep thrusts. This
regular fold system is truncated by the Yellow Breeches thrust. The overlying
Lebanon Valley sequence 1§ regionally overturned and constituté;"the Lebanon Valley
nappe. -Théuteétonic style of this nappe is characterized by multiple deformation
axes and syngeﬁetic‘crossfolds. The latter arise from the situation referred to as
restricted tectonic tramsport, which in thrust geometry has been found to indicate
large displacement, “ V-";

Optimistically, this trip will blend what appears to be two disparate regions
into a single element vital to deciphering the complexities of Appalachian geologic
history, We hope that interest will be stimulated by some of the problems we have

endeavoured to resolve and that our ideas may be relevant to other areas of study.
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PHYSIOGRAPﬁY
The Greét Valley, a feature some 900 miles in length, extends from Alabama to
New York. From the vicinity of Carlisle southward, the Great Valley 1s bordered cn
the east by the Blue Ridge Mountains, which rise only 1,SOQ feet above it in Pennsyi-

vania but several thousand feet further to the south. The northern limit of the Blu¢

- Ridge physiographic province (South Mountain) is south of Carlisle. Here the Blue

Ridge plunges beneath limestones. Tracing these mountains south, they broaden,
attaining a width of about 11 miles near Chambersburg and maintaining this width
into Maryland. 1In Ma?yland erosion splits thé:Blue Ridge.into Catoctin Mountain on
the east and South Mountain on the west. South of the Potomac River these mountains
merge with the classic Blue Ridge Mountains which increase in width and height to the
south, From Carlisle to Reading the valley swings more easterly ahd "hills of the
Triassic Lowland Province" form the southern margin. The ﬁorthern and western bound
ary is marked byvthe first ridge of the Valley and Ridge province, everywhere in
Pennsylvania formed by the Silurian Tuscarora or Shawangunk Formation.

The valley has a width of 23 miles at Greencastle but decreases northeastward
to iZ»miles at Shippensburg and a minimum of 8 miles at the Susquehanna River,

It then broadens gradually to about 18 miles in eastern Pennsylvania. Elevations
in the valley are generally from 400-600 feet above sea level, and maximum local
relief is abopt 200 feet, typically with gently rolling terrain.

The valley is tﬁe resuit of a fhick sequence of Cambrian and Ordovician car-
bonates and shales which have proved substantially m&re erodible than the adjacént
rocks, Thé main shale mass lies at the top of the sequence to the north and west.
Tﬁis shale has proved somewhat more resistant than the adjacent limestome, so that
a distinct step follows most of the length of the valley. As both lithologies have

been denuded to fairly even surfaces, classical geomorphologists suggested that the

surfaces were the result of reduction to two distinct base levels, They were




accordingly designated the Harrisburg and Somerville "peneplanes" for the shale and

limestone levels respectively. Modern work in dynamic equilibrium suggests that

both levels are the natural consequence of a single continuous process working on

the diverse lithologiles.

Lo




STRATIGRAPHY

INTRODUCTION

Lower Ordovician and Cambrian carbonates extend with little change in lithology
and thickness throughout the Euﬁberland valley. Equivalent strata in the Lebanon
valley, although also of conmsiderable internal regularity, do not have formational
identity with the Cumberland Valley sequence,

Middle Ordovician carbopates show considerably more lateral variation in both
sequences, but the facies trends are not convergent. These stratigraphic differ-
ences provide c&ngideraﬁlé evidence for substantial transpert of the Lebanon Valley

autochthon,
CUMBERLAND VALLEY STRATIGRAPRY

The str#tigraphic column of the Cumberland Valley is shown in Table 1. Strati-
graphic changes northeast along the valley are also shown in this figure. Signif-
icant la;eral changes in lithology and thickness occur only in rocks of the Pines-
burg Station Dolomite, St. Paul Group, and Chambersburg Formation. Although all
contacts appear conformable, there are probably diastems within the Chambersburg
Formation.
LEﬁANON VALLEY STRATIGRAFHY

Generalized stratigraphy of the Lebanon Valley is shown in Table 2, Except
as noted the units appear to be depositionally persistent though various units are
thinned or deleted by thrusting, gspecially in the wéstérn part of the valley.

”Depositional contacts are apparently conformable through the carbonate section
through the Middle (?) Chazyap Annville Limestone. The overlying Myerstown Forma-
tiﬁn is paraconformable but separated bf a substantial diastem. The Myerstoﬁn also

seems fairly uniform. in Iithology and thickness. The Myerstown passes gradationall)

up into overlying units,




ﬁ ]
B
*93j0p1da pur a3jI0TY> ) M
Y1ja 3TeSeq PazalTy ‘20%00 ardind 03 -pax uojIwmIOd W
‘poymutap~-AToUTy ‘9m0]] IFIFI0AYL peidly uFI00IN)
“aseq ¥ Ijviswolduc) ‘se1TziIEmb e3Ijya uoTIvWIOS 2 B
082y SWog '98Iw0® ‘suUo}pues OTUYIBRGS[aT LwiH unojIeAsM | 2|6 m
*YIIou Y3 o] SUMOTYI IVYI 23FZIALND SITYA = m‘m.“
(p1ivl] vATSSPW 30 19qUam 9]PPIW Jusujwoad uopIwmiog | §1 & m
0SL°T YIjs 93919 03 ISFUOS ATHowY ‘pepuwq-yIvq sadzwg | §:8 M
*£91TeA pURTIOQEN) e3qn3 Ty be
30 uoj3ized 3seayirou Bujyowsx sxojsq pajwounily sItufn 008 snu33Toos Auwm yaym ‘sand ‘peuiwad ssxwod woTIemxog
- 00s ‘g30v1d Uy 3ewo=ysTnIq YI]M 8IFZI2EnD BITYM wR19TIVY K]
; 000°Z *ageq 318 Ssangodxe oN ‘lawd - m..m. !
L= 000°1 STPPIW WY 23TWOTOP £ITTP PI[IION  ‘awd uojlwmioy -1
| paipuriea xaddn uy suojsew]y ol suolsewfl dFITWOTOQ un03 SWOL B
i *atoysamyy eniq #F uor3ixod SIPPTH 'EITUR TOTIPmIO]
0001+ ALpuwss Burmioy 98pjx 29ddn puw Teseq Uyl ozoqssulup
| “eseq I¥ . m
suo3seWF] AITP BIANd ‘I9WIOF PIPFA~ITPPIR UT B ..Hru
000'E¥ | 93TWoTop pup 2UOISIWI] INTq “PUOIFIWF] SNOID uotIemIog g
*pa1w s8Iyl o3uy °Suwyo I73IIF] YIrm senujjuc) | pejewyise | -wIiTExe pus BIBUS SNOBIRIIED ‘pazotos-1g83] Ho0aqTd = ekl
"8peq = ;
' B pugs z3xenb J¥J07 UIYI [BIBASS °*IJFWOIOP M ,
Uyl ‘9317W0lop pPUY PUOISSW][ PRIPUTWBIILITY ] m.mu )
*L1IYBTI9 f337moTop PUF BUCISSW]] PIPUB]IIIUF ‘oU0ISHWIT uworiemzod ! 9183 m
uyy3 LeRg ®a1® sjuyl ojuj sBusys SYIIJ] YIjM SenUTIU0) 005°2 1807URY23M-0TITT0IFWOIIS poPPIq-A1[¥2T124) zeBuprInz | FiE 8.
*g£11810 pP3I10T0d-mE31D -3
) pur ssuolsewy] UYsTHuyd Juwpunqy ‘"3awd Ul woy3emIoq | & :
‘goip SIY] oluy slueys a73ITY YITH SenUFIUCD 059 27311T03PWOI]S ‘SOUOISIWF] PII0T0I-YTI] @Ind ano134Lpeys :
*Ismic] 28p7I Jusujmold “SmEaS SNOIDT[TS ToTIvmIod ;
*38uaysuol§ o3 ze(rwis ABo1oyijy ozuy sassed Liqe 092 £833-3IBP YITH SOUOCISIWIT TBOTULYOIW ISIAR0) |UMOIBIIFINEIF m i
-qoid umo3lslaryne3l§ ‘euUoiIscWl] IBTTWIS IO 3933 Q00°] 3Inoqy ’ ’ ) ‘ylxoua 3yl u
pismol Tedjuvyoasm A1jusuimopaid amooaq 3wyl uoylemIoL | i
| St 82U03SPW]] JPOTUFYOOW SULJ PUR OTITI0IPWOIIS afusysuo3s i B o
ﬁ “319Yy> pur IuolsswI] plosiqivm yspuyd W ]
i 3997 00§ + °sSwq IV ‘3ivd STppIm UY sauols B =
-9W}] OFITIOIPWOIIS pug [BITURYIFH °II9YD wopITmIof | T &
: . raeTuge £1qeqoxd 8saw{dTYL aWo§ '69UCISHWTT SIT]0OIPWOILE puP IEOFURyIOW , uny w o
: *SUOTIRTIBA TRIZIB] I0UTW AJuUO YIJA 313§ 03 SNONUFIUC) 00% “7+ uj spsqielu} SIFWOTOP ‘aucysemyy A136OH a1epyooy . !
i - _ 33 7w070d Jnm
W ‘uoyIEmIOY STY: 03 PBIIVIDX SPIq ‘33 TWOTOP uol3e3s .mv.
[ ~1930F IWOIEIWI] TPUOTEEII0 YIFA 3IFWOTOP IO 3993 (0T 3INOGY oSy peavujwel-AT2ul3 ‘peppeq-}oIyl ‘paiojoa=3uylyy Fanqseurd ]
| . . : *afeq w 3
! *uof3els Fangsaurd o jusuwzrwidax Aq 9swq e UOTIDeS 1p suolsaWET or3TuRYSnE) *IITWOTOP va1wds A18d Moy n.“ m
“_ sufey “‘jussaid voTsSTATp @3F3iedfal ‘pioFseiyl sesearouy puw ‘3I9Yo YO¥[q ‘SU0ISSWF] SNOIAF[TE80F g B
; JU23U0I PIFWOTOQ  ‘*STSTITD 1PSU 3933 00/ INOGE 03 SUTYL 000°% zeynuel) ‘do3 e euwo3sew] 9TIFUBYINEA JonaBN MeN ! = @)
! : *IUR991d gpaq 933U0IUIQqEI oW IWOT e !
! *aswq 3 L3Tmaoyuooun £q L1q¥ *sBuriawd L{eys ieinBeix] Juspunde YITA noyIemIoy g
-qord ‘xaATy wuuwyanbsng 1s 31997 067 01 ISWIYIXOU SULYHL [+] 74 ‘snoede111827 ‘oucisewyl £19900 ‘Leid-yieq | Zanqsisqueyp <
*speq =oemiei3d psujrad-sury ‘Lwid ) e
=}19p 03 ueaiB-moT12L YITM IING S1eYIROM TWOTIPMIOS w
*8]STTIE) Fo 3972 A{qeqoad sjuswal® snowoyldollv 000°T =< ‘aTeys 9ITSSIJ PUBR SNOIIPUOQIRD ‘YOowIg B1nqsurlaen
A911eA purlisqun) ayj jo 39937 Uy uoy3adyaosag wopiemiog | @ @@
31rd 3IseaylaoN eyl o3 safuey) oyudea8TIri3z§ uo sjuswmoO) §SaW{ITYL m W bt
35

£3uned UTTHUEBIZ UIAISEAYINO§ UT SYO0¥ SnouoyIydcoIny oyl Jo ummio) >jydeifriwiis
1 T149vL




fromre e e

] P 0 Buoag w
@g e m Buipeay
*saf8e orydioweiow 2]TFAUILY .woﬂuaaﬂmmm adutaotd puejlug MmeN®m B @ JO S98519UH
J0 sesstsus ajjrolp 23iwnb pue ‘0711Tydead ‘spuarquioy ‘djIFuRAnS -4 UBTIqWEDXJ
*3e93 Q¢ [Pseq Ul OT3fismoyTucd ‘suolspues uuuanunmnaﬂ erhy 9311z3aend g
ooy ) pappaq-~Aapay 031 -unipew pauieId-unipomw 03 -IUTF iuﬁmaﬂaovmnmm. Zn L uolsApieH £
*a3Twoiop Apues ‘auy((wIsAia AJaujy ‘paiofoe® ¥ "
=3y871 £73ueujmwopaid ST 3awvd 12mo] ¢{33xed asddn ug mwnoumoeﬂﬂu 3 W h uoylemiog g
(£000°1 +) STITIQO UTY3 JRUOTSBIO0 Y3ITm IIFWOTOP dUT]2ISAId Jo spaq L3eld 311TASYITH] 2 m
*sy201 Juool 12and U UIAD el
jua3uos anprsax orqniosut Uty Li1sa £1juenbszy *Buliay3zFsm uo snondids al=
-00D 9IB IPUTHE] KITTS 031 AIBYS 'Spoqiolul SIFWOTOP IIRUFpPIOQNS YITa uol3yEmIog (4] m
+ 000°T 3U01S3W]] SUTTIRISA1D A[sury ‘peppeq Aaesy paioTos-3ydT] LA1jusruymopsiad | sSujpads oyszyng i
T *g9oe3 ¥2213 23108 | 8. 8| |§
sandwy 18mot v AJTESOT ST 818yl YOy uT IpArajuy Lwy] Li3usujmopexd v umo3lsawygorys | € 3 1D
£q peieaedos uolivwroj IItwolop 23mo] pue (0F19L0 3Jaed uj) zeddn ue WERGITH (| 3| 1™
(000°?) ‘70 §3sTsSucs L1IvIIvesss 31 ‘A1uno) ujydneq uy juseqe LIIroIuUc3oal dnoad PUBIYOTY | ® !
*3I9y> IeInpou SWOS puUR 9] TMOTOP 210m
sutejuod uotirod 1smo] *3aed asddn uyl s1R1 21TWOJOP PUR UOWWOD SIIFUIIED ;
-1®2 UFyl °*OPUTWE] OFISED BUTILYIwea NIEp YI L FUOISSW[] SUTTIPISLId suoTITmIO] —
18B2 Ul 131931 Q08 F £19ury ‘AeiS-mnipsum ‘peppaq £LARaH *3Isee 9yl o3 umop dol woay =23umay a3usysuolg g
03 SUIY3 PAIIJUT -3u03§ |I1FIus vdeldax L]sAarssailoxad uolivmrod YowquaNdTy Jo ssITwolced pue ]
00S°1 *£3unoy urydneq ut jusseid L{uo uorlIsmiocd 93usysu03l§ JO SIUOISIWI] yequedTy | ¥ | ol g
] *3xed 19mo0l Ul o 3]
Lo71er Jo 31ed 3SES g1wadde suojesawt] Nuid o031 £v18 3IYITT L19A *93TWoTOp SuUTIIwIsLad LIsulF m. xle
Uf 3993 Q08 ©03 Sulys ‘aAaTssew 03 polruTrwe] A73ureEy 3O mﬂwnnmusﬂ Aawoy 03 adﬂvwa ®3eUIpIOqNS uoTjemIcy | 8 b &
00E°‘T I TN maoummﬁaﬁ suryleaskio LJoury ‘peavurwe] ATIOUFISTP ‘poppeq LawsH x917d3 g |7e
*988q 1B UOTlEmIog I1a1djl B =]
" 03 Truojawpeal ‘ouo3isvwy] umojuswioog Ev7dL3 Jo §PaqIAIUT SIJeUIpIOqnS 2
YITM dA0qE 03 IBTTHTS A]Telsusd 931TWOTOP pPoppaq AARYY ~ I2qWoW IDMOT S
*Sp9qaIIUT SUOISSWI] NI[-]]TAUUY 2IBX YITM °23Imotop aind sUTIIRISAID 93Tmotod S
008 = 009 -0157m ‘peppaq KAway ‘Ari3-yiep ‘unypsm - iaquwaw =3 Jwolop @and aodd) IUNEIIIUD & |9
: v auo3 samy] B Hm
081 9uolsewy] WnIoTEd y3fy suryiwisdrd ‘Aezf-untpow o3 -3y8T ‘poppaq AITUL . 3T TAULY <is
*sa9e7d swos uy paziudo ! &
=991 spaq 93TUOIUIGEISW YIUT-§ 03 %I inog o3 dfi *9sEY ILJU FNOIDPUOGAED uorIvmIod o
00z ¥ A1snonordsuod ‘sucjsawi] osuap ‘Aevif-jaep peppaq-umipom o3 -ujy3z L1rendey umol] sI84R Q
A3unog urydneq ug ‘ . *1S9M 03 9UOZ 3ISNIY3I UT PIPNIOUT SIOTIS 3Ing L3][BA UL ) B
WNWIXew 3883 00Z ssinsodxis nyem jo 8q113s Buole 3no safpap ‘3gsm U seinsodxs pejelodl uUT mie
W Isen Q 03 | pue 1se9 ul 11ed a9mo] uJ OF3Ieviswol3uo) *9xnosqo FUIppIq YITM PIARIID GOTITWIO] g
W 3889 1937 000°1 _ £18uox3s L11®NS) .uaoummaaa SNO?OBUOqIRD ATPRYUS axndmy ‘LeiB-j1Ep LIs\ F-LERE)S RE
w *SYO0Tq 2FIOX? U _
m pepniout Alqeunsaad munusmau IBUNEY UOlU31]~21d °93rIiawol3uoco pur ‘ayoEm
M 000°S = QOQ°C -£818 ‘337z31Bnb OTWYITT ‘II9Yd 10 S31TTTIBIR SNOISTIIS “Spaq 3UOISSWIT uotIrmIOT
! L1qeqoad fg237714yd us2ad puw pax ‘izxwd uy snoaieoIEd fsoreys 9F3TTITLAyd Leald-javqg w3INGSUTIABK,,
| : : (o4
; 3833 uy uoT31diI989( _ uorIFwIO] o lnlnln
SSaW{OTYY, “ 3 B[R
V i Blpf
L @ (g |

med e ey N T

L3uno) upydned uyl {20y FNOUOYIYDOTTY Yl JO wUMTOD uanmmuwﬂudnum
¢ T1EVL




10

RELATION BETWEEN THE CUMBERLAND AND LEBANON VALLEY SEQUENCE

Correlation between the autochthonous carbonates of the Cumberland Valley and

allochthonous carbonates of the Lebanon Valley is shown in Table 3. Difference in
tectofacies between the two sequences give a different texture to generally similar

lithofacies.

As stated previously, stratigraphic differences between correlative units across
the Yellow Breeches thrust are large with respect to lithofacles variation within
either sequence. For example, the two limestone formations of the Conococheague
Group, from Maryland to the north end of South Mountain, a distance of 60 miles,

vary little in thickness and lithology. However, 25 miles to the east, at the

closest complete exposure of time equivalent allochthonous rocks, the Conococheague
Group is divisible into four units of which the upper and lower units are predom-

inantly dolomites that thicken easiward markedly.

1

The amount of dolomite in the Beekmantown of the Cumberland Valley progressively
decreases to the northeast, Across the Yellow Breeches thrust there is an abrupt
though fairly subtle increase in dolomite content which increases eastward until
the Beekmantown is all dolomite in eastern P2nnsylvania, The trend of dolomite
content thus also reverses across the thrust, Evaluation of differences in lime-

stone lithofacies that might be expected to exist across a thrust of this magnitude

|
i\

is complicated by the tectofacies difference.

Changes in Middle Ordovician carbonates across tﬁe thrust are much more con-
spicuous, 1In Franklin County the St. Paul Group>is about 1,000 feet of micritic
limestone with sparse dolomite (Stop 1). To the northeast the St, Paul Group

gradually thins to about 700 feet with 20 percent interbedded dolomite (Stop 6).

The only correlative strata in the Lebanon Valley sequence are the pure high cal-
cium limestones of the Annville Formation, which is less than 180 feet thick in

the western Lebanon Valley (Stops 9, 11, 13).

o
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STRUCTURAL GEOLOGY
INTRODUCTION

Problems inherent in resolving the structural geology of the Great Valley are
typical of those in many old mountain belts ~ 1. lack of exposure, and 2. absence
of topographic relief or drilled wells thus eliminating the third dimgnsfions B0
vital in understanding the spatial conflguration 6f the structures. Because of
these problems it should be cmphasized that’the data and concepts présented in
this section are an approximation of a truly complex situation.

The Cumberland and Lebanon Valley carbonztes are characterized by the two distinct
and disparate tectonié styles = the former a typically autoqhthonous style and the
latter a typically-allochthonous style. ,

Essentially the Cumberland Valley carbonates are part of the autochthonous
South Mounfain Anticlinorium., Rocxs from the Catoctin greenstones through the
Middle Ordovician carbonates are involved in reiated folding and faulting. The
regional flow cleavagg (Sl) and fold pattern geometry are reflected through the
entire sequence of rocks indicating that they were deformed as a single unit. All
ma jor faults are rectilinear high angle revérse faults. Individual folds and faults
can be traced more thanm 30 miles, and further extension is limited only by lack of
detailed mapping. Although the structural geology is complex it is extremely
regular and maintains this regularity probably to Elkton, Virginia, south of which
the Blue Ridge may be involved in considerable thrusting. |

The allocthonous Lebanon Valley carbonates are essentiaily‘a recumbent tectomite
sequence, Folds and faults there haﬁe irregular surface traces related to sub=~

horizontal transport. Major rock units disappear in an irregular manner against

faults. Evidence of pervasive multiple deformation 1s common.
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STRUCTURAL GEOLOGY OF THE CUMBERLAND VALLEY AUTOCHTHON

- General Structural Geology

Mountains of the Blue Ridge physiogfaphic province are composed of a core of
Precambrian Catoctin volcanics, rimmed by quartzite ridges of the Weverton, Harpers,
‘and Antietam Formations. The Great Valley is floored by the Cambrian and Ordovician

carbonates and by shales of the Martinsburg Formation. The physiographic provinces

do not correspond‘with recognized major structural elements because the Cambrian

and Ordovician limestone of the valley are intimitately related in style of defor-

mation to that characteristic of the Blue Ridge whereas deformation in the Martinsburg

By

g is of somewhat different type. An added measure of complexity is the varying

! response of these different rock types to a stress that apparently dimished from east
- ) to west., For purposes of structurazl consideration the writer follows the usage

 W’ 6f Cloos (1951, p. 124) and divides the a;ea into the South Mountain anticlinorium

on the east and Massanutten synclinorium on the west.

3 Briefly the South Mountain anticlinorium includes rocks of the Catoctin greenm-
stone, Chilhowee Croup, and Cambrian and Ordovician carbonates that are folded into
s 4

- a southwest plunging anticlinorium dominated by a east dipping flow cleage (regional
cleavage) ; whereas the Massanutten synclinorium includes shales of the Martinsburg

Formation with some up faulted belts of Ordovician limestone folded into a north-

east plunging synclinorium in which flow cleavage is absent. The boundary between
the two divisions 1s selected, in Franklin County, at the Carbaugh-Marsh Creek fault
L ' which juxtaposes Cambro-Ordovician limestones against shale of the Martinsburg For-
T mation (Figs. 2 and 3).

The nﬁrthern 1imit of the South Mountain anticlinorium 1s .essentially south of

Carlisle. Quartzites of the Weverton, Harpers, and Antietam rim a narrow anticline

which plunges to the northeast. The overlying Cambrian and Ordovician carbonates
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flankihg the quartzites are cut off down plunge by the Yellow Breeches fault.
The Triassic border fault, which forms the eastern limit of the anticlinorium,

changes direction so that it transects more of the anticlinorium near Carlisle but

less to the south. Tracing the anticlinorium southward up plunge, the oldest rock

exposed are the Catoctin volcanics east of Shippensburg. A local structural

t

culmination occurs here as the anticlinorium commences to reverse and plunge to
the southwest and maintains this attitude into Mgryland.

The following description of geometry and mode of deformation of the South
Mountain aticlinorium is from excellent work of Cloos (1947, p. 845) based on odlite
deformation in the Cumberland Valley of Pennsylvania and Maryland:

"The South Mountain fold is a large asymmetrical overturned
anticline. 1Its axial plane dips to the southeast, and its
crest is the western slope of South Mountain. Cleavage dips
steeper in- the upper than the lower limb thus forming a fan
which opens to the northwest. All parts of this fold par-
ticipate and reveal an identical deformation plan: fold axes
are nearly horizontal, cleavage dips southeast, lineation is
in the cleavage plane normal to the fold axes, also dipping
east. All formations including the volcanics participate.

Intensity of deformation varies greatly within the fold
depending on (1) physical properties of materials (2)
location within the fold and (3) geographical location.

Approaching South Mountain from the west Intensity grows
gradually, 1s strongest in the lower limb, decreases toward
the crest and upper limb, Abrupt changes as would be expected
in large-scale thrusting were not observed, the deformation
seems to have been absorbed within a much wider complex,

The fold is interpreted as a large ''shear" fold as distinct

from flexures. Deformation 1s thought to be due to laminax

flow on subparallel planes. The presence of flow planes and the
fact that odids are extended at large angles to bedding show that
stratigraphic thicknesses as now seen are not equivalent to depths
of deposition. <Calculations indicate that the latter amounted

to less than one half of the present thickness."

The ultimate test of odolite deformation as an indicator of laminar flow (approx-

imately in cleavage direction) would be to measure the thickness of a key bed about

a single structure or across a large area. If thickness remained constant parallel
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to the axial pléne cleavage or regional cleavage (ab cleavage plane of Cloos)
then this would demonstrate the shear mechanism of Cloos (1947). 1f, howevér,
thickness remained constant normal to the bedding surface then a concentric or
flexure (Intrastratal slip) mechanism would prevail. Unfortunately, it has not
been possible to locate such a key bed. From studies of the Beekmantown Group in
‘eastern Ma;yland, Sando (19575 p. 12) concluded the laminar flow has not signif-
icantly modified stratigraphic thicknesses in that unit. Further south near Elkton,
Virginia, King (1950, p. 52) considered thickening due to flowage. King concluded
that thicknesses of Appalachian formatioms calculated in many geographically and
structurally diverse sectiéns fail to show the extreme variations to be expected
from substantial effect of laminar flow deformation. The question of stratigraphic
thickening of the limestone units will not be dealt with in this guidebook., However,
the field trip participants are urged to observe for themselves the effects of
deformation on bed thickness, as well as fabric énd texture at stop 3, 4, and 5
where oolite deformation is 30-50 percent.

The term Massanutten synclinorium 1s actually more applicable in the area of
Massanutten Mountain neaxr Luray, Virginia, where the general structure is that of
a syncline with a major reverse fault (North Mountain) on the west. In Franklin
County three major reverse faults bring up Cambro~Ordovician limestones in the gen-
eral belt of Martinsburg shale causing the synclinorium to be excee&ingly complex
here. At Shippensburg the synclinal structure apparently dies out and structure
is that of a major complex homocline dipping west off South M&untain and including
Cambrian, Ordovician, and Silurian sediments. The western limit of the Massanutten
synclinorium is readily determined in the Shenandoah Valley of Virginia and West
Virginia (Hack, Plate I) where the North Mountain fault thrusts Cambrian sediments

over Ordovician-Silurian-Devonian sediments. It is less apparent in Franklin County

because the fault splits into at least three faults bringing up the three limestone
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belts in the Martinsburg shale terrane of the Great Valley (Fig.1). A fourth

fault, in the McConnellsburg area, also brings up Cambro-Ordovici&n limestone

over Devonian shales. This may be the master fault splay of the North Mountain
faﬁlt. Alternatively the fault carrying up‘ﬁhevlimestone belt that passes through
Williamson may be the major splay from the North Mountain (Fig. 1) fault. Until
additional detailéd work is completed, it should be recognized that the single

fault boundary of the Massanutten synélinorium in the Shenandoah Vallej becomes a
broad ione of faulting in Franklin County as a reslut of the northward splaying.

As noted previously tﬁe eastern limit of the Massanutten synclinoniuﬁ is well marked

by the Carbnugh-Maréh Creek fault.

Local Structure

The field work accomplished to date demonstrates that the geoiogy is considerably
more complex than that mapped by Stose (1909). It shows much more reverse faulting
than Cloos (1941) was able to map at a larger scale across the state line in Maryland,
and confirms thé_structural patterns that Sando (1957) was able to map in his detailed
study in Maryland.

A twofold structural division of the carbonates of the South Mountain anticlinoriux

is possible (Figures 2 and 3) based on different size of folds and their sPacing

" as well as type of fault. Both axe part of the same deformation plan although some

of the Martinsburgvis involved in the western zone and only carbonates are involved
in the eastern zone. The eastern structural division includes most of the area of
this report. 1Its western limit is the Carbaugh-Marsh Creek fault and its eastern
limit ié the 1imit of mapping. This area is dominated by 5 major, complex, south-
west plunging an}iclines and 7 major reverse, east dipping faults. in tﬁe south-
eastern corner the Antietam Cove fault emerges from the South Mountain volcanic core

and causes a de§1ation from the deformational pattern of this structural divisiom.

The western structural division is a narrow zone about 2 miles wide near Kauffman
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and 2,000 feet wide at the state linme. It is 1limited on either side by faults
related to the Carbaugh-Marsh Creek fault zone. This gtructural division is dominated ik

by what are believed to be a series of closely spaced west dipping reverse faults

cutting a major west facing anticlinal 1imb. Structural complexity increases north-
east along strike of the zone.

Wiphin'the'Massaﬁutteh synclinorium Martinsburg shales compose & sepa;ate,
although not entire1§ distinct, structural entity from the limestonmes. ‘Thére are

insufficient outcrops and marker beds to decipher the structure, but in several

‘large outcrops type and amount of deformation can be observed that is distinct from
the deformation of the carbonates in the central and eastern structural diﬁisions il
in the South Mountain anticlinorium. The foim of the Martinsburg folds differ from |
the regular form of the carbonates. Flow or regional cleavage 1s abseng and a frac-
ture cleavage related to flexure fol@?ng'of strqngly anisotropic beds»is 1oca11yf

developed.

Folds

The folds, although cohplex, are characterized by a remarkably consistent geo-
metry. They are of the cylindrical, flexure slip type in the western half of the
carbonate terrane but more related to flexture flow or passive slip type in the

eastern half,

On a reglonal basis there are 6 ma jor anticlines whose northern limit is the

tear fault segment of the Carbaugh-Marsh Creek fault (Figure 2). The eastern

most fold (VI) is cut off by the Carbaugh-Marsh Creek fault about two miles north
of Greencastle but; the other folds continue into Maryland where,Sando (1957) has éi

been able to map folds I, III, IV, and V as far as the Potomac River. Thus, these

folds have a total mapped length of 27 miles and may continue for a considerable
distance south of the Potomac River. Fold I does not appear as & ma jor sturcture ;#

on Cloos' (1941) map of Washington County.
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Ma jor folds and agsociated subordinate folds all have the same geometric
pattern (Figure 4); they plunge at average of 250820°W well into Maryland. Regional
cleavage, or Sl’ striking at N20E parallels the fold axis, and the few smear line-
ations present are normal to the fold axes and lie within the S1 planes. This
relationship is simply a kinematically congruent fold.

Axial surfaces of the folds are vertical along the western edge of the car-
bonate terrane and gradually become east-dipping as the Blue Ridge is approached.
Fold surfaces dip to the east at 50° in Elbrook Fofmation'outcrops near Altenwald.
They are, of course,.part of the overturning of the South Mountain anticlinorium
as noted by Cloos (1947) . This pattern is so predominant‘that one can detexmine
position on a fold from any one outcrop by determiﬁing the dip of the beds. Any
beds that dip to the west, are vertical, or are overturned to the east at high
angles must be on the west facing limb of an anticline. Any beds that dip east at
less than 509, or somewhat more steeply in the west where axial surfacesvare steeper,
are on the east facing 1limb of an anticline. This relation is generally true even
close to the major faults,

Interstratal élip during flexure folding has formed most of the folds in units
youngef than Elbrbok; cértaihiy the brittle shattering of faulted limestones at
Kauffman dornot in&icate the conditions necessary for shear folding. The quarries
at New Fraﬁklin.(sﬁop 5) expose a thick sequence of Stonehenge limestone inwhich
almost every bedding surface is slickenéided,showing interstratal slip congruent
with fold kinematics. Elbrook exposures in the railroad cuts northwest of Altenwald
(Stop 4) show the effects of shear folding and ductile faulting as both flowage
an& slip across bedding. Ductile faulting occurs without loss of cohesion. It
would seem that ciose to the Blue Ridge, temperature and pressure conditions were

such that a high mean ductility of the rocks was attained, and passive folding was

operative. To determine the actual amount of deformation orthogonal thickness of
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Figure 4. SYNOPTIC PETROFABRIC DATA
- - EASTERN FRANKLIN COUNTY,PA.
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o a key bed should be measured around a fold. This would be a conclusive check on
bulk rock deformation that Cloos (1947) determined only on the basis of deformed
qﬁlites. It is of interest to note that oBlite déformation near Altenwald, where
;hear folding 1s obVious, is 52 percent, but it is only 30 percent at Waynecastle
iﬂ ‘ lﬁairy and the quafry at New Franklin where flexure folding appears dominant.

) Thus the effect of passive foldingNAiﬁinishes gradually to the west froﬁ the Blue
- Ridge,apd the impress of only moderate slip across layering would probably not be

visible in fleld examination of a fold.

?j Faults

The carbonate terrane of southéastern Franklin County is dominated by the Car-
baugh=Marsh Creek faultswhich is a tear fault in its east-west segment and a reverse
fault elsewhere. Onvthe weét several faults splay from it forming a zone. On the
east_it overrides gome smaller faults, The Antietam Cove fault in the sﬁutheast

corner of the area is not well understood.

Only one major fault is exposed in the area, tﬁe others are interpretive
(i and based on considerations of fault and fold mechanics. The quarry at Greencastle
shows the St. Paﬁl ﬁo be thrust o@er the Martinsburg (Stop 2) along a portion of

;} the Carbaugh—Magsh Creek fault that strikes N45°E, dips 60° east. The east dip is
- éonsistent with east dipping reverse faults exposgd in the same belt»of rocks to
L*— the‘south'(Page; et al, 1964) in West Virginia. On this basis all faults ‘east of
the Carbaugh;Marsh Creek, with the exception of the Antietam Cove fault, are con=-
sidered to be east dipping reverse faults. The main fault betweén the lime.tones

B and Martinsburg Formation north of Greencastle and close to Conococheague Creek isg

‘i'l

also considered to be an east dipping reverse fault splaying off the main Carbaugh-
T Marsh Creek fault about two miles southwest of Greencastle. Faults repeating slices

" of limestone between Greencastle and Marion are probably west dipping reverse faults.

The Carbaugh-Marsh Creek fault is a major feature of this area juxtaposing
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Cambro-Ordovician limestone against the Martinsburg shale albng its entire length
where it is a reverse fgult. Sando (1957) was able to trace this fault to the
Potomac River, and it undoubtedly continues farther south, perhaps into;Virginia.
Apparent displacement is greatest near Williamsport, Maryland, where Sando (1957)
mapped lower Stonehenge in a reverse fault over the Martinsburg;-a stratigraphic
displacemept of at least one mile. In Pennsylvania, where this fault swings east
and enters South Mountain, 1t is undouﬂtedly a high angle tear fault, Thus it has
the fofm of a large high angle thrust block that has moved out over the Martinsburg
shale. Units as old as the Catoctin greenstones are involved in the movement pf

_this block.

Fault and Fold Mechanicé

In order to consider thése faults whose dip is not known, it is necessary to
consider mechanical properties of deformed rocké and the domain in which this
deformation takes place.  Vertical stratification of the rocks in the area is such
that they are naturally divisible into four major structural lithic units (Currie,
et al, 1962, p. 670) based on the relative competencies of the rocks as obéerved
in the field. The Chilhowee Grouﬁ of quartzites 1s considered to be relatively.
competent. The carbonates and shaly carbonates of the Tomstown, Waynesboro, and
especlally the'Elbrookvformations are considexred to be relatively incompetent.

: Carbonafes of the Conoqocheague, Beekmantown, St. Paul, and Chaﬁbersburg units
are considered as relatively competent. The Martinsburg Formétion, composed largely
of shale, is considered to be relativdly imcompetent. In terms of absclute mean
ductility, for instance, the Tomstown-Elbrook sediments may be less ductile than
the Conococheague~Chambersburg sediments, but the greater temperatures and pres-
sures at which the former were deformed caused them to yleld ﬁith aéparently leaser
competency.

Because the Conococheague - Chambersburg structural lithic unit, some 9000 feet

1
1

1
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thick, is best_exposed'it can be considered in some detail. As the unit was folded,
where radius of curvature approached the thickneesAof a stratum, progressive increase
in curvature of strata toward apices of the folds was accommodated by flexure-slip
thrust faults that were kinematically concordant with interstratal glip (Price, 1965,
p. 78). Where there is marked anisotropy of the stratified sequence, especially where
a relatively incompetent unit overlies a competent unit, as where the relatively in-
competent Martinsburg overlies the carbonates, symmetrically opposed overthrusting com-
pensates for the lack of room in the core of a concentric fold. Gwim (1964, p. 892)
shows many eimilat examples in western and central Pennsylvania. Here symmetrical east
and west dipping_faulte on the limbs of a fold lead to a depressed axlal zone (Figure 5]
The fauits between the Carbaugh-Marsh Creek fault zone (Figure 2) are believed then to
be west dipping reveree faults of the type discussed above (Figure 5). These faults
could also be expleined by an east dipping normal fault generated early during folding;
however, this does not appear to be realistic cohsidering toe compressional history of
the afea. Also normal faults would occur on the crest, rather than on the limb where
these faults are located. The complimentary east dipping fault is now overriden by,

or has become part of the Carbaugh-Marsh Creek fault (Figure 5, III).

Let us assume that in the upper part of a folded sequence where pure concentricity
is no longer possible, thrusts symmetrically opposed about the fold may develop.r We
must now examine what happens at lower position in the folded sequence where there is
less anisotropy and the sequence is relatively competent. In this case lack of space
due to the geometric impossibility of maintaining concentricity downward results in
thrusting. It is known that in these cases the thrust will propagate itself through
the asymmetric limb of the fold (DeSitter 1956, o 241) . The faults that merge with
the Carbaugh-Marsh Creek fault afe located on the eastern limb of major synclines

(Figure 3); hence, they are assumed to be east dipping reverse faults that have sheared

up along the subvertical to overturned west limbs of anticlines (Figure 6).
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Faults are notably absent in the area of the map wﬁichrlargely répresents‘the
relatively incompetent structural lithic umit of the Tdmstcwn.—xElbrook Forma tions.
This probably results from yield by passive folding rather than fleﬁuie folding.

These units could "flow' into the cores of cbncentric folds developed in the over-
lying, relatively competent Conococheague=Chambersburg structural lithic unmit. Hence,
there was no problem of space to be resolved by faulting as there was no mainteﬁance

of geometric concentricity in these less competent units.

Deformation of the Martinsburg Formation

Deformation in the Martinsburg is not unlike that in Cambro-Ordovician sediments
when it is considered thatthis flysch sequence is strongly anisotropic and undoubtedly
was subjected to a smaller stress. However, it should be noted that there are
actually few exposures of tﬁe Martinsburg that indicate this type of deformationm.
The most striking aspect within the Martinsburg is the complete dominance of inter~-
stratal slip and paucity of Sy that is so well developed in the limestones. Clase’
to the limestone contact some Sy, harmonious with the S; in the adjacent limestones
is present, but farther west Sy is virﬁually absent. Strong fracture cleaﬁage is
developed, especially in the thick greywacke beds of the sandypértion of the
Martinsburg.

Geometry of the Martinsburg folds is similar, but on a mucﬁ reduced scale, to
that in the limestones (i. e. asymmetric to the west and plunging to §20°W at 25°
close tothe limestone outcrop belt. In the middle portion of the shale valley the
folds have no plunge, and.close to the up faulted belt of limestone that pacses
through Williamson all folds plunge to the northeast. This reversal of plque, as
compared with folds of the South Mountain antictinorium is one principal feature
of tﬁe Massanutten synclinorium. |

The Carbaugh-Marsh Creek and related faults that separate the limestone from

the shale is not a boundary between two different tectonic units. The shales
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adjacent to the limestone still retain some imprints of the South Mountain
anticlinorium deformational plan. It is not inconceivablé that a major fault
passes through the shale valley juxtaposing southwest plunging structures on the
east against northéast plunging structures on the west., Poor exposure prevents
determination of the possibility.  If no fault is present then the change in plunge
across the .valley probably becomes related to a larger problem -~ arcuation of

the Appalachians.

Structural Historj _

The structural history of this area emphasizes deformation proéesses in the
COnoco;heéque-Cﬁambersburg structural lithic-unit. An.evplutionary sequence in the
tectonic history is_postula;ed belaow.

I. Gentle folding of the beds.

1I. With contiﬂued folding, there was symmetrically opposite thrusting tcwérd
 the anticlinal axis in the upper part of the sequence whekre a relatively
1nccmpétent structural lithic unit overlies the carbonates.

III. With continued folding and development of asymmetry, shearing (reverse
faulting) through the steepened and west limb permitted tightening in the co:
of the fold.

IV. Major black adjustment then took place,
This involved translation of the entire block bounaed by the Carbaugh~
Marsh-Creek faulting including the Catoctin greenstone, This block moved
westward a considerable distance; certainly more than the two miles indicate
by imme&iate offset of the contact of the Catoctin greenstonés across the
fault, This is concluded because major structures 1@ the Chilhowee cannot
be matched across the fault,and it is possibie that several widely spaced

Chilhowee folds were overridden to bring this block to its present position.
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Movement acroés the block diminished westward as some of the lateral

translation was dissipated along the pre-existing east-dipping reverse

faults concentrated between folds II-IV, increasing the original displacement
across these faults. The folds were oversteepened or overturned even
more to the west. The Carbaugh-Marsh Creek fault block then overode the

early symmetrically opposed west dipping thrusts between Chambersburg and

Greencastle truncating most of them west of Greencastle. 1In places it may
have followed along the east dipping fault developed in the symmetrically
opposed thrusting  (Figuxe 5 IIT). The west dipping faults locked during ;l

this event and no movement took place,but they were externally rotated and

oversteepened, so that they are now probably neaxr vertical or even over-

turned and‘dipping east. Movement along the Carbaugh-Marsh Creek fault

induced a splay between Greencastle and Chambersburg so that there 1s a

reverse fault between the Martinsburg shales and Ordovician limestones

along the east branch of Conococheague Creek.

Y. 1If the Antietam Cove fault is related to the main movement of the Carbaugh-

Marsh Creek fault block, then it probably formed in the late stage of this

movement. If the fault dips east, then it is a normal fault produced byldtag

as the Carbaugh-Marsh Creek fault block moved west. If it dips west, then
it is a reverse fault that served to 'pop-up' the terrane between Waynesboro

and Greencastle. ;1

Structural Problems - ' Li

Some fundamental problems must still be resolved by future work. Among these

are;
I. Was there only one period of deformation? Analyses of fold kinematics
(Figure 5) and absence of an 82 surface would indicate only a single de-

3
formation. In the Piedmont multiple deformations have been recognized ;i
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(Freedman etval 1964, and Lapham and Mckague, 1964), and two pe;iods of
deformation have been recognized in the immediate Valley and Ridge (Pierce
and Armstrong, 1966). In the Lebanon Valley allochtﬁon ﬁultiple defor-
mation is also recognized. |

Several stages are recognized in the defo:matianfathe Cumberland Valley

) autpcthon. If these are sécular rather than continuous stages,’then folding
- and minor faulting'might represent an eariy period of deformation and trans~
t* _ lation §f the Carbaugh-Marsh Creek fault block mighf represent a later

period pf‘déformation. 1f there actually was multiple deformation in the

E}_ Cumberland Valley, geometry of the fold pattern was nearly hemoaxial in both
instances.

i;” II. When did the deformation or possibly deformations occur?

I1I. Do the détachment surfaces recogﬁized by deep drilling in thé Appalachian
o Mountain Section of the Valley and Ridge continue into the Tomstown-Elbrook
mx_ relatively incompetent structural lithic-units where they have subsequently
; been folded?
ij- IV. Are the Blue Ridge Mountains autochtbonous at depth?
s
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STRUCTURE OF THE LEBANON VALLEY ALLOCHTHON

Introduction

Nappe structure within the carbonates of the central Lebanon Valley was recognized

by Gray (1959) and details are shown in 3 published 7%' quadrangles (Geyer, Gray,

and othexrs 1958, 1963). The relation of these structures to the relatively leas com-~
plex folding in the Cumberland Valley, however, remained uncertain. Extension of

the originai Lebanon Valley mapping shows that the character of the central part

extends westward with little significant change to the Yellow Breeches thrust. This

thrust truncates the plunging nose of the South Mountain anticlinorium and terminates

exposure of Cumberland Valley type lithology and structures.

General Structure

Upright beds are exceptiénal in exposures of the Lebanon Valley sequence and

reflect relatively minox digitations or reversion by subsequent rotation. The entire

sequence is regionally overturned - sometimes past simple reCumbency. The whole valley

thus effectively represents the under limb of an immense recumbent anticlinal fold,

though it is possible that an upper limb never existed. Higher order satellitic folds

of substantial size are rare,and smaller folds visible within a single crop are common

only in the vicinity of thrust faults and in the oldest rocks. Thrust faults of all

sizes, however, are common, usually lying nearly parallel with both the average

bedding and the main flow cleavage where both are distinguishable. Minor fold axes

and thrust lineations may at fixst appear erratic,but both are found to cluster in
two groups roughly parallel and perpendicular to the regional strike. Smear line~ il

ations are abundant on bedding and cleavage surfaces but occupy only the strike

normal position.
Figure 7, folded separately, shows a geologic map and cross sections of the car- o
bonates in Dauphin County. The stratigraphic units are quite thick so that lithic

distribution provides only a coarse indication of the type of structures observed; _ Lj
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but some sense of the structure is given by the structural .symbols. The accom-
panying small scale tectonic map and sections are schematic but show the general

relations across the Yellow Breeches thrust.

Crossfolding and Multiple Deformatian

The existehce of two sets of fold axes roughly parallel and perpendicular to the
regional strike does not necessarily imply two stages of déformation,as they have all
the characteristic; 6f a syngenetic BIB' system such as has been associated with
other far-traveled thrust massés. Certain structural détails and overall tectono-
stratigraphic relationships, however, suggest that multiple deformation aé well as
syngenetic cross-folding 1s represented.

FigureZS is traced from a photograph of the abandoned Annville cut on the north
side of the Bethlehem Steel Co. quarry at Steelton. This exposure is now partly
govered and unsuitable for use on the present trip, but it nicely illustrates many
features of oﬂe of‘the larger thrust zones within the Lebanon Valley carbonate
sequence. At least 600 feet and probably more than 1000 feet of strata are absent
betweenrthe adjacent Epler #nd Annville Formation beds although the average dip of
the thrust and of the bedding a short distance from the thrust zone do not differ
appreciably. Thevdeformation of some of the thrust surfaces apparent in this figufe
could be the result of sustained movement in a single phase, but it is consistent
with two stages of deformation.

Variability of the flow cleavage attitude supplié; mbré compelling evidence for
a second deformational stage. While warping of the clesvage on the scale of a single
exposure is not usual, cleavage often shows a degree of variability between exposures
which is difficult to reconcile with warping in a late phase of the cleavage.gen—
erating movement. Petrofabric data (tobe discussed subsequenﬁly) convincingly show

cleavage to be rotated about an axis inclined to the original fold axes; but this

relationship is also suggested, 1f not demonstrable, by field relationships without
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this statistical sophistication.
A second cieavuge, usually designated fracture cleavage in the field, is also
recognized in some locations. This cleavage also suggests multiple deformationm, but
its attitude bears no obvious field relation to the cleavage to be expected from

rotation in the direction implied by warping of flow cleavage. This fact might imply

" at least 3 deformational phases, but the subsequently discussed petrofabric analyses

indicate 2 stages are sufficient. A definable penetrative surface generated by the
event producing the principal rotation of flow cleavage has been recognized at only
one place.

Large scale tectono-stratigraphic relationships also imply two deformational
events. The‘factlthat the Yellow Breeches thrust everywhere has the Martinsburg
Formation in its sole without any inclusions of competent &ounger strata strongly
implies that the initial inversion of the Lebanon Valley sequence was accomplished
before the depositén»of younger units, i. e. was a Taconic event. The Yellow Breeches
thrust, however, truncates the South Mountain anticlinorium in such a manner that
its emplacement wdﬁld appear to have been subsequent not'only to folding of South
Mountain but alsO'tb substantial erosion. On the basis of structurally and strat-
igraphically plausible chronology for the Cumberland Valley and the adjacent ridges
this would 1indicate emplacement not earlier than late Acadian and quite possibly Alle-

ghenian. The implication is thus of two stages of thrusting widely separated in time.

Structural details of Yellow Breeches Thrust

Actual exposures of the Yeilow Breeches thrust zone are rare owing to it. position
at the base of a shale escarpment. The best eiposure is visited as Stop 8 of this
trip. At this péint and for several miles eastward 1t seems to be essentially similar
to the thrust zone shown in Figure 8 but on a larger scale. At Stop 8 thefe is a
parautochthonous tectonitic slice of the Cumberland Valley sequence 100 f feet thick,

the top of which is exposed at the station. This is followed by a truly allochthoncus
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slice of the Hershey Formation of comparable thickness above the master thrust, 11

which, however, bears an obscure relationship to the overlying 'Martinsburg" of the

main thrust block. It is supposed that this slice was entrained in the thrust
sole at some point well toward the breakoff of the thrust. At this point the Hershey T%
Formation apparently extended somewhat southwest of its limit along the strike of
the main blpck, where it is absent tﬁrough most of Dauphin Codnty.

Further to the east the thrust is apparently a single surface,as 'Martinsburg”
shales are exposed close to rocks of the St. Paul Group which are structurally con-

tinuous with the main Cumberland Valley sequence. The uppermost rocks are tectonized

to the extent of development of conspicuous smear lineation and the development of

a rather coarse subhorizontal parting surface, but this effect disappears within a

fairly short distancé from the thrust.

The considerable irregularity of the thrust front is an erosional effect which

shows that the thrust is quite flat and locally even north dipping.

Petrofabrics

On the basis of the folding described above it may well be imagined that efforts

to obtain a structural synthesis from the geometry of bedding proved a frustrating

~ experience. While some quite extemsive areas yielded simple maxima or orderly

girdles, many areas as small as the data density would allow yielded chaotic patterms

or apparent girdles giving rise to a meaningless scatter of virtual rotation axes.

Limiting analysis to elements produced by or younger than the first major defor-

mation (Dy), however, has proved much more rewarding. The sterograms of Figure 9

J

summarize deformational elements in the eastern half of the Dauphin County carbonate

belt from Hummelstown eastward {essentially the area between Stops 10 and 13 on Fig. 1).
Incomplete analysis of the westernm half shows little change. The patterns in these
digrams are complex owing to croséufolding and multiple deformationm, but all elements

are entirely consistent and give a fairly complete geometry and movement plan of two
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distinct deformationé (D1 and D). The notation used in discussing the structural
elements is summarized in Table 4, 7 -,

The central contours of plot A show poles of flow cleavage (Sy). It is apparent
that, though somewhat diffuse, to a first approximation, the cleavage poles define a
major fraction of an upright girdle to which the solid great circle labled Ay
is the visual estimate of best fit. The existence of the girdle iﬁplies rotation
(Dz) of S around an axis normal to it which is labled By~

Contours at the NE and SW margins of the net show the distribution of measured
axes of small scale Bl folds. These do not form a simple maximm as would be
anticipated from a Single deformation but are clearly distribﬁted around a major
portion of a small circle, This conclusively demonstrates that B1 axes have been:
subsequently rotated about an inclined axis B2 which may be considered horizontal
to a first approximation. The smali circle‘of 179 radius fitted to Bl poles by
this approximation.}mpl%es a rotation axis B2 labled B,y on the diagram. sz is
sénsibly coincident with By, within the inherent limitations of the statistical
method. Indeed the girdle implied by Byp (dashed and labled A2b on the diagram) is
hardly a worse fit for fhe Sy girdle than A, . previcusly estimated., The two inde~
pendent methods of deriving 32 leave no reasonable doubt of its objective reality
even though only one occurrence (Ly - of diagram B) of a mesoscopic field lineation
corresponding to this axis 1is known.

Close inspectioﬁ §f the fit of the small circle about Bop to the By poles reveals
that improved fit could be obtained by fiting a circle of about 15-16° radius about |
an axis plunging less than 5° to the northeast. This refined approximation, however,
contributes little additional information to structural analysis and hardly warrents

the congiderable effort required to rotate each of the hundreds of points contributing

to the analysis. It is sufficient to note that the B, axis, which will be treated as

horizontal in subsequent discussion, probably plunges very slightly northeastwardj and
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the inclination between Bl and B, may be slightly less than 17° derived from the
assumption of a horlzon;al B2.

A similar refinement applied to fitting the 51 distribution is the observation
that a considerably better fit than A,  can be made by a small circle of relatively
large radius about a plunging axis. The same general reasons as above apply for not
pursuing ﬁhis refinement. The significant fact that.comes out of this relationship
is that small circle rotation of Sy around By indicates that Sy was a passive element
during D,.

On the basis that the field evidence of D2 is mostly subtle and is consistent only
with rglatively minor rotation in most areas, it seems safe‘to assume ﬁhe 31 maximum
in the circle around Bib corresponds to the original position of Bl' That is, By
max represents that statistical position & By prior to Dy, and By was then gen- “
erally plunging about 3°NNE. Bymax then defines the regional fold trend, the
solid line By of the diagram and the compositién plane of By folding, the dashed
great circle Aq' Al of the diagrgm. Fanning of S; caused by sustained movement during
D1 woﬁki, of course, beiin the Al' Al plane; and inspection of the diagram indicates
that this may indeed be a significant cause of the lateral spread of the Dy girdle
of §4, though another‘cause (B2' folding) is probably more important.

The small crosses'ﬁithin the contours of diagram 9B repfesent the measured axes
of small scale folds steeply inclined to the reglonal strike. The dots indicate
slickensiding and grooving on low angle faults. These points together with a con-
siderable number of sﬁear or transport lineations on bedding.(So) orrflow cleavage
(S1) were used to compile the contours shown.

In the absence of sﬁbsequent deformation, the contouring of Al poles shoudd
show a simple maximum which corresponds to the statistical transport axis (A) of the
fold system. This maximum (Aymax  of diag. B) theoreiic#lly should lie in the

eompeositon plane (Al—Al) at 90° from the cleavage maximum (Symax of diag.) at the
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position of point A4T in diag. B, It may be seenm, however, that Aymax and AjT are
abbut 50 gpart. This discrepancy is sufficiently small that it might be entirely a
statistical artifact{ but slight real preferential rotation of Aj axes is rossible
for reasons related to the gener;tion of Sy 5.

The fact that there exists a group of fold axes (crosses of diag. B) which show
the same distribution‘as simple transport lineations strongly implies that both have
a common origin.‘ This situaqion can be theo:etically and experimentally &emonstrated
to érise when a deformable body is pushedvthrough.a lateral restriction, which gives
rise to the condition called restricted tectonic transport. Normal fold axes (B)
pe:pend;cular té the transport direction may be formed at the same time, which gives
rise to the syngentic fabric RIB' where B' represents fol&élin the transport direction.

In real geologic situations RIB' geometr& of bedding developed on a mesoscopic
éqale over substantial areas is unifuely associated with allbchthonous rocks which,
in all cases studied, appear to have been transported very substantial distances, The
occurrence of this fabric thus appears to be diagnostic of major thrusting during the
deformation generatiné this geometry.

The conditions of restricted tectomic trausport imply derivative transport per-
pendicular to the maln movement Qirection. In typical described cases the derivﬁtive
transport 1s Lndicatedronly by the B' folds themselves which require lateral app;easion

for their generation. In this case, however, we have evidence of minor thrusts dis-

placed in the By direction, rather tham in the usual direction of regional tramsport.

Tn addition to the usual thrust slickensides distributed in the same manner as other
A1 1ineations shown bn diag. B, the similar spdts on diag. A are thrust slickensides
showing transport along By and pérpendicular to Bl'.

To this point in the discussion reference has been made only to Almax without -
consideration of the actual distribution of A; poles. It is obvious that the actual

contours are not radially symmetric to Ajmax, hence some rotation of the A; axis 1a




inplied. One such rotation whose réal existence 1is the necessary consequence of
aetual rotation on B2 is rotation of Ay along small circles concentric to BZ; Iﬁ
iurticular this rotation would tend to spread the Aimax-along the small circle of

590 radius which has been indicated by a dashed segment Z-Z in diagramB. About

(£20°) of such rotation is entirely consistent with the observed spread of Al

parallel to»this'small circle. However, it is obvious that the principal rotation

of A1 has a different orientation. To a very close approximation the best fit fox the
wain spread'of'Alipoleé is a small circle of 23° radius around the Agy axis of diagram
A (Bz' axls of diag B). 'Agy 1is thus @ B axis with‘resfect to deformation of A1(=B1')
and accordingly bécomes By' of a BIB' fold system of Dy, Further év1dence of By'
‘yotation is afforded by the lateral spread of the 54 girdle, whiéh is extensive and
essentially symmetric to this-axis.

The development of BIB' geometry in D, indicates that the later deformation was
also characterized by large horizontal transporf‘with a somewhat different direction
than the eaflier thrusting.

The remaining feature on this diagram which represents a'structﬁra1 element mea-
sured at sevéral different localities are the six poles designated S1 5. In the field
this surface appears as a céarse’oi poorly defined cleavage generally gppearing younger
than S;. While the riumber of teadings is too &mall for statistlically significant con-
touring, the avallable daﬁa clearly suggest that there 1s concentration of Sy,s5 poles
(81 _5max) centered on a point very close to the By axis; and thérsingle pole not
falling within the 1 percent ciréle around Symax (dotted on diagrau0>suggests possible
rotation of Sl.s,\probab1y around B,. The statistical~sl’5‘plané.defined by the pole
Slmax is shown by‘a dashed great ecircle on diag. B which esSentiéliy includes the
By' axis. This geometry suggests that Si;S is cleavage generated by'Bz' rotation
and might properly be designatedﬁsz'f'

This simple geometric interpretation must be somewhat qualified, however. At ome

.

o
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station four Slsurfaées were recognized. The S)flow cleavage is the dominant foli-
atién of this éxposufe. The bedding (S,) which probably was initially close to S1»
has its original chéracfer much modified by shearing on S; and 1s now geometrically
inseparable. The attitude of this surface is shown on diag. B as the pole So+1 and
is perfectly normal for the region in that it lies closeto the reglonal S;max. Else-
wherg in the same exposure, where four surfaces were not explicitly identified, 14
additional readings of So+1 piot as a girdle with 94° spread, which indicates rotation
around the axis 1ab1ed LBZ,fails on the small circle of B1 rotation about 32 near
the secondarj maximum appréximately oppesite Blmgx, indicating this exposure is in
an area sﬁrongly affected by By rotation. .A/@ plot éf the 8, ., data shows two distinct
areas of concentration at the 3 percent level. The major area has a clearly defined
33 percent maximumrﬁgmax of diag. B) which is, as expected, statistically coincident
with Lﬁl. It alsorhﬁs a subordinate max g4?- of diagram) which corresponds to a
substantially less rotated positbn of By. The lesser d#screte concentration has four
approximateiy equal maxima 98' of diagram). Thege maxima have a clear relation to
the contours of Aq lineations and show the effects of Bz‘ rotation on the local S, 4j.
Superposed on S,+1 18 a coarse fracture cleavage whose pole 1s the labléd 5y.5
pole of.diag. B. The intersection of §_,; and 51.5 generétéa a lineation (L1x1;5),
measured valueéof which cluster around Bz' as to be expected Lf 51.5 is properly Sz'.
At ong point in this exposure‘it was recognized that both S1+0 and 51.5 bear second
lineations. These.liﬁeations (S1x2 and 51'5 % 2 of diagram B) define a penetrativé
plane, Sp, which is otherwise so subtle that it would have been ignored. Thi plane
is represented by a dashed great circle on diag. B, and the correspoﬁding pole is
marked S,. It lsrapparent that this plane essentially includes the 32 axis; ahd it
was presumably generated, therefore, by By rotationm. Confirmation that this Sy

actually corresponds to the reglonal symmetry plane of By rotation is found in the

large antiformal syncline which includes the Stop 11 vicinity in its south limb,
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This fold has an axial trend coincident with the reglonal By and a peculiar southeast

facing asymmetry opposed to the usual northwest overturning in the vallgy. Cal-

culations of the axial symmetry plane of this fold from the attitude of bedding in
the limbs yields an attitude nearly coincident with Sy of the diagram.

Field relationships leave little doubt that slusl_s-sz is. a génetic temporal seq~

uence, though no indication of a relative time interval is implied. The designation

of S1 5 as Sz'has been avoided for this reason in part. This 1s not to say that

Sy .5 could not have been generated in Dy, but only that it was formed before Dy reached
sufficient local intensity to form S,, while S, Svis more pervasive, This relationship T}

~does seem theoreticallyVimprobable, however, especially the other evidence of unusually

active A' transport (transport in the B direction perpendicular to B") is the slick-

ensiding assoclated with By..
An glternative explanation is that S; . was the result of sustained D; movement i
after S1 had already been defined. This seems a more plausibie'sequence both with ?]

respect to the probable theoretical order of S and S' generation and the obvious
difference in maximum inténsity of D1 and Dy. If Sq 5 is in fact Sl', the attitude ;1
- of S1,5max suggesting a geometric relation to BZ' is anomalous. The anomaly has a
rational explanation: as Sj s is clearly antecedent to_a; least some part of BZ
rotation, it will be rotated thereby. It is entirely possible that the 16° of net

rotation of 81.5 about Bz‘required to bring S1 Gmax from its theoretical position on

the By trend on to the B, trend actually happened; but the fact that Sy _smax falls
at this particular point, rather than some other statisticaily more probable point Li
closer to By, sounds a note -of caution.

These alternatives seem to be the practical limit of>anaiysis of 8y 5 by the

available data. It seems reasonably certain that it was generated by a B rotation,

3
i
.

1 by qualitive considerations, but possibly in an early phase of D, -

Advanced students of maeropetrofabrics may have noted a peculiar feature in the

probably in D

a
i A
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preceding discussidn of 8y 5. This is that the general theory of BiB' folding

does not provide for a unique S' maximum. The usual geometry of B' considered in
isolation 1s orthorhombic (fan folding, as displayed in éome Caledonian rocks, is an
extreme example). The single Sl'smax indicates a monoclinic symmetry for B'. The
essential difference is that the orthorhombic symmetry shows movement perpendicular
to B' but no net transport, while the monoclinic symmetry of Sy gmax indicates net
transport ﬁb the northeast, Considering the regional framework, however, this net
transport is entirely expectable, and the S; g maximum is entirely consistent with
B4B' folding. As the Lebanon Valley nappe system never overrode the main South Mounta
uplift (Fig.l) but merely passed its plunging nose, the data of Fig. 9 are taken from
a location whichiis close to the real western limit of the system. When the Yellow
Breeches sheet was pushed (slid) past this lateral obstructiom, northeastward net
transport at the west edge of the sheet was a natural consequence. This does not .
imply net lateral transport throughout th; entire sheet. 1 anticipate that diagrams
comparable to Fig. 9 for the Lebanon-Cormwall (Stop 12) area would show patterns gen-
erally similar to Fig. 9 except that B' elements would show normal orthorhombic sym~-
metry.

It was previously mentioned that the failure of the geometrically constructed‘AlT
axis to coincide perfectly with the statistical maximum, Almax. of Al lineations
might be more than a statistical artifact. It may be mentioned at this point a few
degrees net rotation of Al lineations about Bz' would about halve the discrepancy.
Net rotation of these axes would imply net transport pérpendicular to BZ'. This effe«
is not large enough for positive statements, but it does suggest possible independent

confirmation.

Synopsis of Tectonic History

At the depositional locus of the Lebanon Valley sequence, Paleozoic history start:

with the initial subsidence of an already ancient crystalline terrane. A basal Lower
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Cambrian quartzite marks tﬁis'transgression. Typical miogeosynclinal conditions were
soon éstablished; and>near1y 8000 feet of carbonates. were deposited without sub-
stantial interruption, at least from Middle Cambrian to Lower Middle Ordovician.
While deposition was apparently continuous in this area through the Middle
(?) Chazyan Annville limestone, the first evidences of tectonic instabillity appear
at the beglinning of Middle Ordovican time. This instability is not indicated by
cvidence internal to the Lebanon Valley sequence in rocks older than Trenton, except by
the absence of Black River équivalents; but it is stratigraphically apparent on a
larger reglonal scale. Regilonal facies and thicknesschanges in Chazyan and younger
carbonates are obviously much more rapid and complex than in the underlying Canadian
and older rocks; and 1§cal to subregional disconformities exisﬁ at differing hor-
izons in various areas. Thgée relations demonstrate a fairly abrupt change in
the megatectonic framework of desposition, which éulminates in the Taconic orogeney
sear the end of the Ordévician. |

The first feature of active local tectonism appears as the'conglomerate wedge of
the lower Hershey Formation. This conglbmerate, composed of Beekmantown (7) £fragments
obviously was locally derived from a steep declivity of comsiderable stratigraphic
relief - presumably formed by surface faulting. This proposed fault may in fact
be ancestral to the presént fault at the eastern limit of Hershey exposure near
Wernersville. Conglomerate in the Hershey slice of the Martinsburg area is presum-
ably not derived from the same scarp, but is of related genesis.

Deposition of theshaly Hershey carbonates was followed by‘a widespread Trconic
flysch. In the allochthonous "Martinsburg" Formation, which is apparently indigenous
to the depositional locus the Lebanon Valley, wildflysch elementé older than Trenton,
but radically unlike othef rocks described in this report, apparently "float" in the

unit (Platt, M. S.). These features imply close approach to an active orogenic axis.

 The complete absence of post-Martinsburg rocks in the allochthon strongly suggests
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that inital overturning and thrusting were immediately sequential to flysch depositicn.
If this is a sufracrustal phenomenon, it could be accompliéhed by break off high on
the flank of the tectonic welt, followedbyupturning and inversion of the broken end,
followed by an increasingly large overturned segment sliding down over the parent unit.
Smaller scale examples of this process in the Iranian salt hills provide a model

for th;s hypothesis, If the gnelsses-of theRncding Prong were involved at this stage
it is, of courge, untenable. It seems likely tﬁat overturning by this supracrﬁstal
mechanism might be'atectonitic (not generating penetrative fabric). 1In this case

the conspicuous éleévage related to the firsg.recognizable deformation could be
post-Tagonic, but any other mechanism would imply loads and movements such that
cleavage would be cogenetic with overturning, hence, presumably Taconic.

In any case, it is clear that the first recognizable deformation involved sub-
stantial northWesfward transport of overturned strata with abundant thrusting
developed. Laterai"restriction during transport produced syngenetic cross-folds
aligned in the main ﬁ:anSport direction. The simplest synﬁhesis of stratigraphic and
structural data indicates that this represents Taconic orogony.

If the first deformation is Taconic, a long period of quiescence followed, as the
next recognizable event 18 probably no older than late Acadian. .This event is charac~
terized by renewed thrusting about 17° more northerly than the previous stage. Folds
and associated syngenetic cross-folds present in the cleavage of the first stage
were produced at this time. A minimum age of late Acadian is derived from the relation
of the present allochthon to the plunging South Mountain axis.

Subsequent to the Yellow Breeches thrust emplacement in the second deformation,
there were relat{vély small moveﬁents on steep thrusts in the Cumberland Valley, but
the larger movements on these faults probably antedate the Yellow Breeches thrust.
Minor steep faults may be related to this movement, Relatively late normal faults

apparently related to development of the Triassic basin are the youngest feature
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recognized, with possible exception of the "Triassic dikes" which may be Jurrasic.

Later Mesozoic and Cenozoic broad vertical movements undoubtedly affected this area,
but such local evidence of these movements as may be found is largely in the domain

of the geomorphologist. DL

=




Road Log For Field Trips
October 7 and 8, 1966
31st Field Conference of Pennsylvania Geologists
- Stops 1-5, on the first day, are located in southern Franklin County. The 15'

quadrangles pertinent to this portion of the field trip are: Harrisburg, Carlisle,

Newville, Fairfield, Chambersburg, and Shippensburg. The area 18 covered by the

. 1 .
Baltimore and Harrisburg, 1:250,000 AMS topographic maps. Geology in varlous areas
15 covered by: U. S. G. S. Quadrangle Report GQ-28 which includes the Carlisle Quad-

il rangle, U. S. G. S. Folio 170 which includes the Chambersburg Quadrangle, and U. S.

o)

G. S. Folio 225 which includes the Fairfield Quadrangle. Reports in preparation.or
in presé bi the Pennsylvania Geologic Survey concerning geology of the South Mountain
?? area are Af129 and PR7169 and. concerning the southern Cumberland Valley A-119 C and D
Sfops 6~13, on the second day, are located in Dauphin and Lebanon Counties. Area

ij— visited is included in the Harrisburg, Hummelstown, New. Cumberland, and Lebanon 15'
quadrangles (Harrisburg East, Hummelstown, Lebanon, Palmyra, and Steelton 7%' quad-
rangles). These are included in the Harrisburg AMS 1:250,000 sheet, Geologic mappin
%i is available for the.Lebaﬁon 7%' quad (Pa. G, S. A-167 C). The Palmyra quadrangle is
in progress (Pa. G. S. A-157 D).  Seven and one-half minute scale mapping of the
Dauphin County Carbonates is included in Pa. G. S. Bul. G-44 (in press).

Reference starting and termination point for both tripsvis the Zero Highway Marker

in back of the State Capitol Building on the west side of Commonwealth Avenue.

- : Description
. Mileage

-7 0.0 " From Zero Highway Marker proceed south on Commonwealth Avenue.
i 0.1 Turn right onto Walnut St. The Penn Harris Hotel is ome block

west on Walnut Street from here.

L 0.5 Left turn onto Front Street.
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1.1
1.4
1.6
2.1
2.6
4.9
5.2
7.6
9.2
10.4
10.5
11.6
11.7
12.3
14.1
14.5
15.3
15.8
17.6

18.0

18.6

19.0

20.0

20.6

21.0

Approach to south Interstate 83 and U, S. 11.

Right turn onto South Bridge and Interstate 83.

On right Susquehanna Water Gap and left Triassic hills.
On right are St. Paul carbonates in railroad cut.

Keep straiéht on U. S. 11 south.

Keep straight on U. 5, 11 south,

St. Paul limestones on right.

Good view of Blue Mt. to right.

Left turn onto Silver Springs Road to Mechanicsburg.
Beekmantown exposed on left.

Séfategic*ore stockpile on left, Mechanicsburg Haval Supply Depot.
Enter Mechanicsburg.

Turn right at light, jct. Rt. 114,

Straight at light leave Rt. 114 follow Rt. 641.

Cross Pennsylvania Turnpike, good view Blue Mt.

Turn right on Rt. 174.

Conococheague exbosed in cut. First view of South Mt. ahead.
For 0.7 miles roadcuts of Cambrian limestone.

Roadcut with Elbrook limestones.

Crossing Appalachian Trail,

Cross Rt. 74,

Roadcut with Elbrook limestonmes.

Alleﬁberfy Playhouse.

* Boiling Springs, left on Front St, four blocks. Triassic diabase

dike passes through here.

Right on Fifth Street.

™
|
il
L

3
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i‘% 21,1 ’ Rejoin Rt. 174, turn left. Note Antietam quartzite quarries

" yisible on ridge ahead.

_ 21.7 Elbrook limestone in roadcut.
22.5 Cross Yellow Breeches Creek.
Vol - - 24.9 Entering Mt. Holly Springs.
e 25.2 ' Left on Rt. 34.
o | 25.6 Triassid‘brownstone library on left.
_ 25.8 ‘ Half left, continue on Rt, 34. '
25.9 - Enter Sduth Mountain, at this point, at the most northerly extensic
L - o . of the Blue Ridge Mountains.
26.1 Antietam quartzites on left.
- 26.5 Cross creek, quartzites of Mont Alto Member of Harpers Formation
;% exposed. 7
- : .
o 26.6 Cross railroad.
L!_ 26.8 | Bear right on Rt. 34,
E 28.8 -~ Bear right on blacktop, leave Rt. 34.
- ‘ 29,1 | Cross railroad.
. ‘29.9 Entrance to Pﬁiladelphia‘01ay Co. Kaolinite at base of Tomstown is

mined here for use in white cement.
- 33.6 : Entrancé to Pine Grove Furnace State Park.

During the 1800's much iron was mined from numerous local limonite ore deposits inm
- wash and residual clay at the foot of South Mountain. Manganese and Phosphoruds, in
the‘form of wavellite, occasionally occur with the limonite. Furnaces constructed
from limeatone, used in the smelting of the ore are numerous, and this park maintains
some of the better preserved furpaces. -

33.7 . Outcrop of quartz sericite schist in road bank.

- 33,8 Enter Laurel Lake Recreational Area,
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34.2
34,7
35.7
36.0

39.8

48.6

48.8

49.3

53.6
56.06
57.0

574

Quartzite outcrop in yvoadbank.

Quértzite outcrop in roadbank.

Enter Fuller Lake Recreational Area.

Cross Appalachian Trail and irom furnace to léft.

Enter Adams County.

Quartzite on left.

Leave Micheaux State Forest.

Re-enter Micheaux State Forest.

Cross creek that is intake to Chambersburg reserﬁoir.
Chambersburg reservoir on left.

Enter Caledonia State Park.

Remains of old iron furnace on left.

Junction U. S. 30, turn right. The tear faulﬁ éégment of the
Carbaugh-Marsh Creek fault isJin this vicinity. Leave South
Mountain in short distance. |
View écross valley to Blue Mt. ahead; Now proceeding on limestone
terrane. o

Note displacement of South Mountain to the east looking left (south).
To left is Little Mt., an upfaulted block of Antietanm quartzite.
Cross Rt, 997

Condcoéhéague outcrop on right.

Conococheague outcrop on right.

Beekmantown outcrop.

Upper Conococheague anticlinal axis_exposed in roédcut.
Beekmantown outcrop on left.

Cross Interstate 81.

Enter square at Chambersburg and turn left on U. S. 11. This

;ﬁ
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6l.1

61.2-

61.4

62,1
62.9

63.6

63,8
64.0
65.0
65.9
66,5

66,6

67.0
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town founded some 200 years ago was held for ransom and then

burned by the Confederacy durimng their Civil War advance on

Harrisburg. To counter the threat of the Army of the Potomac

at Frederick, Maryland, Lee sent most of his troops to Gettysburg.,
through the gap in South Mountain where U, S. 30 passes. This

led to the unique situation of the Confederacy attacking from the
north and the Union attacking from the south.

Notice low ridge in middle distance leff, composed of the Martins-
burg shale.

st. Paul exposed on left.

Chambersburg exposed on left. Good view across valley here, Wooded
more elevated areas is Martinsburg terrane.

Cut in Chambersburg cobbly limestones.

Cut in Chambersburg cobbly limestones.

Cut in Chambersburg cobbly limestones.

Compressor station of Tennessee Eastern Gasg.

Railroad cut with good exposure Chambersburg beds.

St. Paul exposed in field on right.

.Cut in St. Paul limestones. View of Martinsburg on right.

From here to turn, intermittent exposures of Chambersburg limestone.
Turn left off Rt. 11 onto Kauffman Road.

Chambersburg-Martinsburg gradational contact poorly exposed in road

* bank on right.

Road junction, bear right and cross fault of Martinsburg against

- Beekmantown,
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67.1 Stop 1. Section at Kauffman Farm:

This stop (see sketch map Figure 10) shows the basal Chambersburg Formation,
complete St. Paul Group, and dolomite referred to the Pinesburg Station Dolomite of
the Beekmantown Group. It shows the limestone to be faulted, in a brittle type of
deformation, agailunst the Martinsburg shale. |

The eastern fault bringing Beekmantown against Martinsﬁurg shale 18 believed
to be a reverse fault that formed early in the folding history. It 1s presumed to
have been west dipping (see discussion in text and Figure 8) and with continued stress
it was externally rotated to whaﬁ is now probably a vergical, or even overturned to
the east, position. The fault on the west brings Chambersburg beds onto shales of
the bmrtiﬁsburg. it is bglieved to be an east dipping reverse fault that formed late
{n the deformational histéry 6f the area and is probably a splay‘off the main east
dipping Carbaugh-Marsh Creek Fault. Note the shatfering of the limestone in fault
zones and lack of ductile faulting, alsc note the complete inveréion of the horizontal
beds at Conococheague Creek as the beds pass gradually from subvertical through over-
turned to locally recumbent here.

Dolomites at the base of the section are termed Pinesburg Station Dolomite.
However, as they contain maﬁy thick limestone interbeds of St., Paul lithology, they
do not meet the strict definition of Sando (1957) for this fdrmation, and a different
term might be more applicable, | . | |

The St. Paul Gréup displays several interesting 1ithologi§s including chem-
ical grade micritic birdseye limestone (v&ughanite) at the base and top of the group.
The large Maclurites-bearing beds are spectacular but it is nearly impossible to break
a speclmen out of the rock. Interbedded algal limestones and 1aminated dolomites may
represent cyclical shoaling of a lagoon In which the algal li@eétones formed, then
dessication of the limestones (note what may be mud cracked limestone below the.dol-

csmite) and finally deposition of a primary penecontemporaneous dolomite perhaps

i}
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Cobbly limestone
Interbedded cobbly and micritic limestone

Micritic limestone (vaughanite) interbedded
with finely detrital to gkeletal limestone

Blue limestone finely detrital to skeletal,
banded in part, faulted and folded in upper part

Cyclically interbedded blue algal limestone
and buff laminated dolomite

Limestone, v. f. detrital, laminated, with
bands and beds of skeletal limestone. Abun-
dant black chert nodules at base and top

No exposure

Limestone, skeletal to detrital, medium-
grained, finely banded -

Blue {inely banded skeletal limestone wn:h
large Maclurites

Pure micritlc limestone with birdseye struc-
ture {vaughanite)

Limestone and interbedded dolomite

Limestone, blue, with muddy gray laminations
and bands, some dolomite interbands

No exposure

Blue to blue-gray limestones with 2 - 4 foot
beds of white laminated dolomite

Thin-bedded blue limestone with dolomite at
base, Base of Pinesburg Station Formation?

Highly fractured Rockdale Run ? limestone

Highly fractured Chambersburyg or Rockdale
Run limestone

No exposure

Fi;ﬁfe 10. Sketch map of the geology at Stop 1
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 related to algal mats in a supratidal environment. 7
Micritic limestones of the St, Paul are interbedded with the cobbly
limestones of the limestones of the Chambersburg over an interval of at least 20 feet,
|
| The cobbly character of the Chambersburg is persistent over large distances in the

Great Valley.

68.3 . From Stop 1 retrace the route to the junctidn of U, S. 11 and

turn right onto U. 8. 11.

69.6 To here intermittent outcrop of Chambersburg.

70.0 St. Paulﬁoutcrop.

72.1 ' To here ihtermittent St. Paul oufcrop.

72.3 A Chambeféburg outcrop in roadbank.

73.0 Martinsburg float in roadbank on right.

73.1 | Cross Rt; 16. |

73.3 Turn rigﬁt onto gravel road and follow into quarry.
73.5 | Stop 2 - Greencastlerquarry.

This quarry contains the only exposed major fault in the area. In it beds

of the middle part of the St. Paul are broughc up over shales of the Martinsburg on

the Carbaugh-Marsh Creek féult. About 1200 feet of limestomne and an unknown amount
of the Martinsburg shale are cut out by this reverse fault. The fault strikes N45°E gl

and dips 60° east, a slightly easterly deviation from the gross deformational plan,

because the fault splays at Greencastle (Fig. 3.). The Carbaugh-Marsh Creek fault
represents the last phase of deformation as it truncates earlier folds and feults, ;i

Note the shattering of limestone above the fault and lack of flowage in the

shales below the fault, all indications of brittle deformation. In the middle of the
quarry floor regional cleavage can be seen to transect, at a considerable angle, some

very fine grained graywacke interbeds of the Martinsburg. ) QI

73.7 Return to U. S. 11 from quarry and turn left.
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73.7 Turn right on Rt. 16 at Intersection with U. S, 1l.

73.8 : R Turn left on N. Jefferson St. in Greencastle.

74.1 | Lunch Stop = Greencastle Pafk.

74.2 . Proceed and turm right on N. Carlisle St.

74.3 -Junction Rt. 16, turn left around monument and proceed east on

Rt. 16, Note some of the antebellum-type mansions.

75.2 Cross Interstate 81.

75.4 Rockdale Run ledges in field om left.

75.7 Rockdale Run ledges in field on right.

?6.1 K ‘ Hill composed of Stonehenge limestome on left.

76.3 - , - Cross-fault here. Pure limestones of Shadygrove Formationh exposed

in roadbanks.

76.4  Re-enter Stonehenge outcrop area.

76;8 Pink stromatolitic limestones of basal Rockdale Run Formation in
roadbank.

77.9 - Zullinger Formation on right., Note increasing Blue Ridge eleva-

tion ghead and to south.

78.2 On left Zullinger Formation.

78.6 .On left Zullinger Formation.

'78.8 ' Cross Western Maryland Railroad.
78.9 Stop 3 - Waynecastle Dairy Section;

Leave buses at feedmill.
This stop illustrates the lithology of the Zullinger Fommation of the
Conococheague Group as well as the degree of deformation in this regionm.
The Zullinger Formation is composed of a series of cyclically deposited

carbonates (Fig. 11). The lighologic types are described in ascending order in

their position within an ideal cycle, and assigned numbers.
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Rock type 1, intraformational limestone conglomerate. In this rock type are
included both edgewise and flétbedded conglomerates. This rock consists of pebbles
of limestone, less frequently dolomite, discoidal in shapé with rounded edges,
usually % - 1 inch long and clearly derived from the underlying or adjacent beds.
The -clasts are set in é micrite matrix admixed with varied amounts of calcarenitic-
oolitic components. This unit is frequently disconformable on the underlying unit.
Rock type 2, complex of calcarenitic, algal, oBlitié limestones, The calcarenitic
limestone grains may ﬁe of bioclastic or of inorganic oriéin. They seldom range
above coarse-sand size and are set in a micrite matrix. The few coquinoidal beds
present are included here also.

The algalliimestohe is composéd of stromatolites mostly of cryptozoon form, both
cabbage head and sﬁeet varieties.

Also included in this category are odlitic limestones. The oblites, which shoﬁ
both concentric and fadial structure, are well éorted attaining a maximumlsiZe of 1-2
mm. Tectonic proceéses have deformed the oolites to some degree, They are set in a
micrite cement, |

The calcarenite, algal, and odlitic limestone are all intimately associated.
Sélaom i{s there a bed composed entirely of one lithologic type; there is usually an
admixture or 1nterca1ation of the rock types within this category.

Rock type 3, intérﬁanded limestone and dolomite. This rock type consiasts of limestone
inﬁerbanded with dolomite. The limestone bahds which comprise 60 -« 70 percent of this
rock type are usually ¥ - 1 inch thick. Internally the bands may be finely ldmiﬁated,
structureless micritic, or, at times, finely clastic. The bands are wavy, lmparting
a ripple-marked aspect to some of the bands. The silty dolomite is in bands % inch
thick and characteristicallyvsupports lichen growth. The contfast between the medium-

gray limestone and the silty buff dolomite forms a dinstinctive banding. Occasionally

“there are intercalations up to 6 inches thick of rock types 1 and 2 within this sequenc
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Rock type 4, Interlaminated limestone and dolomites. This rock type consists of
limestone interlaminated with dolomite., The limestoﬁe and laminae which comprise
usually about 60 percent of this rock type are 0.1 - 5 mm thick, The laminae are
planar and parallel to bedding although gently undulose and croés-bedded‘laminae are
also present, The limestone alternmates with dolomite of similar thickmess and fabric.
The finely crystalline buff-colored dolomite is sil;y and weathers in relief relative
to the medium-gray limestone laminae.
Rock type 5, dolomite.rThe'thin dolomite beds weather characterisically to Luff tones
in contrast to most of the limestones which weather light to medium gray and are
ﬁpdium to light gray on fresh surfaces, The dolomite which is un1form1y finely cry~
stailine throughout and harder than adjacent limestones, is geherélly structureless
with some internal‘iéminations due to varlations in crystal sizé.

Repional Analysis, Regionaily a cyclic pattern has been observed elsewhere in surface

exposures of the Conncocheague Formation and its ‘equivalents. In Central Pennsylvania
near State College, Pelto (1942)‘and Krynine (1946) noted cyclicity of the dolomite
beds comprising the Gatesburg Formation (Conococheague equivalent). The cycles, here
because of their partly érenaceous nature, are probably the best developed and most
distinctive in the state. At Snake Spring Valley, along the Pennsylvania Turnpike,
Raymon& Knowles (personal communication) has observed éyeles Similar to those recognized
by Pelto. In the Lancaster‘area Stose (1930, p.33) remarked on the rhythmic occurrence
of algél beds in the Conoéocheague and suggested seasonal growth as a control, The
Richland and Miiibach Foimations of the Conococheague Group in Lebanon County are
reported tobe cyclical in character (Geyer, 1963). 1In easternmost Pennsylvania, in
the Buckingham Valley area the Conococheague Formation according to Stose (in-Bascom
et al, 1931, p, 21) 1s marked Ly repetition of a tripartite 11mest§ne cyéle; Thus,

during the Upper Cambrian, carbonates accumulating in central and eastern Pennsylvania,

a distance of at least 175 miles parallel to depositional strike, and 75 miles normal

3
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to depositonal strike were subjected te conditions leading to cyclical deposits.

Unfortumately the paucity of good exposures distance between outcrops, and lack
of precise faunal markers for correlation cause difficulty in reconstructing the
precise factors controlling the cyclicity of the Upper Cambrian carbonates. It
appears that a siﬁgle factor of regional extent controls this widespread repetition
and the simplest mechanism is an oscillatory onlap~offlap relation. Whether this is
due to rhythmic crustal movements or eustatic sea level change is unknown.

Rock types 1 and 2 undoubtedly were deposited in shallow water under conditions
of high mechanical energy. Rock types 3, 4 and 5 could have been deposited either
in progressively shallower water culminating in deposition of supratidal dolomites,
or perhaps in deeper water in a restricted evaporitic environment that culminated in
deposition of dolomites.

There are numerous places where part of a cycle develops.or where the cycle
develops but one or more of the rock types is absent. Because of the geologic factors
eontrolliﬁg the reck sequence it 1s to be expected that development of the ideal cycle
would be rare. Wave action which exerts much control upon the formation of the high
mechanical-energy rock types 1 and 2 would be affected by any shift in strand line

or by periods of variable storm intensity. Geochemical conditions, in large part,

control the formation of low mechanical-energy-sediments rock types 3, &, and 5.

Changes in such factors as temperature, pressure, ph, ilonic concentration etc. could
affect the type and amount of carbonate being precipitated. Thus the dependence of
the rock sequence in the cycle upon both mechanical energj and chemical cond:tioms,
partly independent factors, explains the paucity of perfectly complete cycles in the
section. .

Also m¥e at this stop the internal deformation of the rocf fabric. In many
instances the most deiicate laminati{ons persist undeformed in this rock despite

the presence of oolites that have been extended about 30 pexcent (Cloos, 1947).
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Consider then the effects of shear vs. flexure folding here.

79.1 ' Tuirn around and proceed west on Rt. 16,
50.2 Turn right (north) in town of Shadygrove,
0.9 Conococheague limestone exposed on left. From here nearly to

"Rt. 316 abundant ledges of Zullinger limestones in the field and
roadcuts, There are some good views across the valley along this
portion of the trip. |

Y04 Junction with Rt. 316, Turn left and proceed shbrt distance to
farm house and park,
Stop 4, Altenwald Railroad Cuts.

This stop in cuts of the Westexrn Maryland Railroad, shows beds in the upper part
of the Elbrook Formation. As at the previous stop, the beds are vertical, i.e. on
the west facing'limb of an anticline. However deformation here is more intense than
at any stop in Franklin County, as passive flow is observed.in the limestones and
flexure slip is only present in some of the dolomites. In spiteof the marked anisotropy
here - interbedded limestones, silty dolomites, aqd limy siltstones, deformation has
not been by interstratal élip but by slip acruss the beds. Both amplitude and wave
length of the folds is on a much smaller scale than in carbonates to the west. Tﬁere
has been considerable passive flow of the limestone with thickening on fold crests
and attenuation on limbs. Local flow of the 1imestone has been so intense that the
form of the fold deviates considerably from ideal fold configuration in this area,
Sy also deviates locally from the general 51 of this area -~ phenomena which do
not occur to the west. | |

Relatively competent beds such as dolomites and silty dolomites have, in‘blaces,
maintained bed normél thickness within a fold. These beds frequently exhibit
closely spaced fracture cleavage, the surfaces of which show development of 'gouge

where there has been local movement along these surfaces,
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This stop is in an area where Cloos (1947, pl. 9 and 12) has measured 50 percent
elongation of ooida. Several large faults that the writer has mapped to the south
probably pass close to this stop. Although deformation here is as intense as any

observed in the Cumberland Valley limestones, it is not of the degree and complexity

of deformation present in the Buffalo Springs Formation in the railroad cut at Cormwall

(Stop 12).

86.6 Continue northwest from farm house along Rt, 316.

87.6 ' . Cross contact of Elbrook and Conococheague limestones. Intermittent
-outcrop of Conococheague limestones to next turn.

90.5 _ Turn left onto county road.

91.5 ) Entrance to offices of Valley Quarries Co. Turn right and drive

into quarry.
Stop 5, New ¥ranklin Qua;ryf
This stop is in the Stonehenge Formation of the Beekmantown Group. As at several
of the prévioué stops, the beds are subvertical which indicates that they are on the
west facing limb of an anticline. Interstratal élip typical of flexure folding as
well as the development of caves can be observed here.

Although the limestone lithology is fairly uniform, many of the bedding aurféces
acﬁed as surfaces of interstratal slip in the folding of these rocks. Bedding sur-
faces are pervasively slickensided -and the geheral sense of slickenside movement on
bedding and a single reverse fault (Fig. 12) indicates slib approximately in the ac
direction, This is to be expected in a simple cylindrical flexure fold. However, a
few of the slickensides indicate motion in a horizontal or subhorizontal sense dem-
onstfating that more than simple folding of the sediments is involved, Subhorizontal
transport probably_reflects movement during translation of‘the block bounded by the
Carbaugh-Marsh Creek fault. Many of the bedding slip planes have extensive calcite-

slickensided surfaces with well developed steplike breaks. On the footwall the abrupt
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FLGURK 12,

| 35% 10% 50% e
STEMEQNET PLOT OF SLICKFENSIDES ON 12 BEDDING PLANES AND ONE
REVERSE FAULT SURFACE, STOP 5. EQUAL AREA LOWER HEMISPHERE
PROJECTION. |
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stép usually faces down. Flexure~slip mechanics would indicate that the abrupt step

faces the ralative movement.

Several caves are exposed in cross section on the quarry face close to ground

surface. Development’of some of the caves appears to be controlled by the vertical

bedding.

Other, smaller, caves appear to be controlled in their development by cross

fractures or joints.

91.6
92.6
93.7
94.7
96.9
97.5

101.6

103.3

103.6
108.2
116.2
116.7
123.9
131.5
133.8

134.6

136.0

138.1

Leave New Franklin Quarry, and turn left onto county road.

Turn left onto Rt. 316,

Turn right onto Interstate 81 north.

Cross U. S. 30.

Stonehenge Formation on left.

Note offsef of South Mountain along Carbaugh-Marsh Creek fault.

Ridge to left probably the top of the Waynesboro Formation.

~Cross Fayette St. exit.

Pfominent hill on right probably Waynesboro Tormation.

Observe end of cove im Tuscarora ridge to left.

Cross Rt. 233, Newville Exit. |

Rest- area on right.

Cgoss Plaihfield exit.

Exit from Interétate 83 onto U. S. 11 to Harrisburg.

Cross Stony Ridge-a Triassic diabase dike.

To left ridges of Martinsburg faulted against Ordovician ilmestones
that form the low valley.

Sﬁ. Paul oﬁtcrop on lefts

Intersection with Silver Springs Road whereltrip turned off to

Mechanicsburg and Mt. Hoily Springs in the mormning.

The geology from here to Harrisburg is described at very first part of road log
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Stay on Interéta;e 83 across South Bridge into Harrisburg.

146.0

146.5
147.3
147 .4
147.5
147.6

147 .7

Exit right, from Interstate 83 on 2nd Street gnd Rt, 322
exit.

Left turn onto 2nd Street.

Right turn onto State Street.

Left turn onto 3rd Street.

Right turn onto North St.

‘Right turn onto Commonwealth Avenue.
End of trip at Zero Highway Marker in back of State Capitol

Building.
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' - ROAD LOG - 2nd Day

) Mileage
‘T_ 0.0 Zero Milestone, Commonwealth Avenue, east of Capitol, head south
e on Commonwealth Avenue. |
fl_ 0.1 Stoplight, turn right on Walnut Street, take left lane 1 block.
ol 0.15 ’ Stoplight, turn left on 4th Street, continue past 2 lights to Mul-
%ih- berry Street bridge, follow bridgé around tolleft.
E,_ 0.5 Bear right on exit in middle of Mulberry Street bridge.
. 0.6 Stop, T intersection, turn.right on Cameron Street.
ié— 1.1 » Stoplight, turn left on Paxton Street. Cross Paxton thrust from

E shale to St. Paul limestone about 150 yards before light. St. Paul
b= ciops on rigﬁt after turn.

2.3 Turn left on minor road'just beyond Blake Cadillac-0lds, St. Paul

- | exposure, locally steeply overturned, about 100 yd. east on north
E;—‘ " side of main road.
- 2.5 Stop 6, Hempt Brother #2 (Paxtang) Quatry.

I ,
‘ Park to left of quarry office.

This quarry is'deyeloped in the St. Paul Group within about 5 miles of the eastern
limit of exposures of the Cumberland Valley sequence. While there are obvious dif-
ferences between these rocks and the St. Paul section examined in Franklin County
(Stop 1), the two are continuous along strike, and the north eastward increase of
L= dolomite and decrease of high calcium limestone is a gradual and reasonable fucies

change. Tectono~stratigraphica11y the trend of facies change 1s significant because
it is exactly opposite of that which would be required if it were to represent a
}-2 gradation toward the exclusively high calcium limestone of the‘approximately contem~
poraneous Annville limestone of the Lebanon Valley sequence. The very substantial

- thickness and facles difference between those rocks and the Annville limestone,
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which crops within a half mile of the ecasternmost St., Paul Group exposure, 1is an

excellent example of>the stratigraphic relationships which suggest substantial dis-
placemcnt of the allochthon normal_to the strike of the depositional basin.

The syncline dominating the structure of this quarr&‘is eonsidered to be fairly ii

‘representative of the tectonic style in the northeasternjend of the Cumberland Valley
iand esseutially sinilar'to the styie.in FranklinhCounty; The;asymmetry of the

structure is readily apparent though no overturning is wvisible in the quarry. However,

cxposurts af the south limb of the syncline along the highway just to the south shows
focal overturning to about. 75°. The change of form of this fold in about 200 yards ' ';}

across the quarry is quite conspicuous, and this axis has not been recognized a mile

and a half westward at the_Susquehanna River. The fold is thus relatively unpersistent.

The overall structure of the easternmost ekposed projection of the Cumberland Valley

A

‘carbonate lithology and tectonic style‘into western Dauphin County is essentially

a south dipping homocline. As such it is conceived‘tolbe the gentle limb of a ma jor

structuxe for which the fold exposed in the quarry is a satisfactory model.

Minor low angle’ thrusting may be observed high on the east wa11 of the quarry.

1t has rot bELn established if this is simply che result of Spatial adjustment

- within the core of the.syncline or whether this is result of drag by the Yeilow

Breeches thrust which probably passed less than 200' above the top of the present

exposure in this area.

2.6 - Return'to Paxton Street, turn right.

3.6 Stoplight (3rd), turn right on 13th Street. , - ‘ ij
3.8 Stoplight turn Ieft on Berryhill Street.
4.0 S p : Harrisburg Cold Storage Warehouse.

'Turn 1eft into parking lot east of plant,
The exposure on the east side of bu! L+ing shows Martinsburg shale at the north

end and strongly cleaved shaly limestone of the Hershey Formation at the south end.
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The Martinsburg here is essentially phyllitic and conspicuously differenﬁ from that
shown at Stop 2 in Franklin Coﬁnty. As at $top 2, local effects from thé shown
faults in the immediate area are a factor contributing to the highly deformed
character of this exposurej but the phyllitic aspect with bedding obscure to
obliterated is extensivly develéped in the shale belt of Dauphin County. All or
most of these phyllites with diverse associated lithologies ekotic to’normal Martin-
sburg terranes are belleved to be alloéhthonous. Their emplacement is probably
related to that of the allochthonous carbonates of the Lebanon Valley sequence.

The Hershey Formation is known only in the Lebanon Valley sequence in structurally
simple éituations. The exposure here 1s isolated ffom the main Lebanon Valley

allochthone but its presence here is thought to be genetically related to the occur-

_ rence at Stop B where a thin slice appears in the main thrust zome. The appearance

of Hershey here strongly supports the probability that shales of the Yellow Breeches
plate are found north of the Cumberland Valley carbonates in this area.

Proceeding south along the railway spur fragments of pure carbonate probably
derived from a Beekmantown Group terrane may be observed in matrix similar to the
normal Hershey lithology. The characteristics and distribution of such conglomerate
strongly suggests active surficial faulting‘during Hersﬁey (lowest Trehtonﬁ time at
the depositionél locus of the Lebanon Valley sequence.

The Paxtang thrust, a steep thrust which is probably continuous with the Reading
Banks thrust of Cumberland County, lies just south of the Hershey exposure under the
mainline of the railway. This thrust brings normal Cumberlénd Valley sequenca car-
bonates into contactrwith the Hershey Formation and elsewhere with the Martingburg
Formation. This fault is essentially.comparable to the one at Stop 2. It is
obvious from différencés in deformation that a fault must also.be present in the
covered interval between the Hershey and Martinsburg exﬁosures. It is structurally

plausible that this might be a splay of the Paxtang thrust but an exposure on the
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west side of the river indicates that this fault is probably substantially vertical.

These relationships are sketched in fig. 13,

Berryhill Street

FIGURE 13.
4.0 " Continue west on Berryhill Street about 200! to Cameron Street,
STOP, turn-left, . | g
4,2 Cross tface of Paxtang thrust driving south on recent Susquehanna

flcod plane. Bluffs nearby t6 left drop somewhat passing from the
shale “Harrisburg peneplane™ to the limestone hSomerville peneplane."
‘Use middle lane approaching stoplight ahead. ‘Continue on Cameron
Streeﬁ;

4.3-4,9 ' Abandopéd fluxstone quarries on bluff on left im St. Paul. Observe

geheralvsouth dip except locally at south end.

5.5 Bank on left begins exposure of "Martinsburg" soil overlying

limestone which continues to Stop 8.

5.7 Stop 8, Cameron. Street, South Harrisburg,

- Park south of Rozman Brother's Store on left,

The traverse just compléted from Stop 7 represents the maximum width of the

Cumberland Valley sequence carbonates in Dauphin County.
The critical exposure here is at the northeast corner of the”ROZman Brother's

Building at 1711 South Camefon Street (east side); as shown in ?ig. 14,
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Figure 14.

The base of this exposure is gray limestone which seems certainly to be of Cumberland
Valley affinities an& has been questionably referred to the St. Paul Group.

This rock is, however, in a thrust slice in the sole of the Yellow Breeches plate,
and has been dragged some uncertain distance, making it difficult to determine its
exgct stratigraphic relation to the less disturbed rocks. 7

The overlying greén phyllite is a local phenomenon which fs thought to be cat=-
aclastic and represents the locus of principal movement in the Yellow Breeches thrust
zone.

The highly deformed Hershey Formation at the top of the exposure is also in an
isolated slice whose structuralArelationship to the fairly ofderly regionally inverted
sequence of the allochthon 1s uncertain, but it has clear lithic affinity to the
Lebanon Valley rocks., The Hershey slice is of no great thickness as a '"Martinsburg"
Formation soil extends to the top of the bank, and "Martinasburg' exposure may be found
not far above to the east, The maximum thickness is probably‘about 200' as determined

from well sample chips about 1 mile to the east, Neither the St. Paul slice nor the
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Hershey slice are present in the fault zone more than about three miles east, and

allochthonous "Martinsburg! directly overlies normal Cumberland Valley St, Paul at

the eastern limit of the latter.

While the fault zone seems to have a distinct southerly dip at this exposure:the

fault can be seen to be approximately horizonal on a slightly larger scale by exam-

ination of‘the_bénk to the north and south. Though considerably broken by later

minor faulting, scattered exposures of the thrust may be found at approximately the

same elevation over moré than 100 yards.

6.4

6.7

6.8
6.9

7.5

8.0

9.0

9.7

9,85

Return north on Cameron Street.

Beg1nning of quarries on right noted at mile 4.3,

‘ Stoplight turn right on Sycamore Street and ascend bluff,

some crop on left.

Stoplight, turn left on 13th Street.

Turn right onto Interstate 33 morth.

Beekmantown dolomite assigned to Pinesburg Station Formation

eprséd on left.

Brief view of Hempt Quarry (Stop 6) on right.

Good outcrop of pure limestone beds of St. Paul on both sides of
road, exposures are remnants of old fluxstone quarries. At
this point the scarp of the allochthonous ”Martinsburg" to the
south lies only about 500 feet from the highway, ‘but in the next
1% miles it swings about 3/4 mile south and then returms tu the
highway. This embayment in the thrust front clearly illustrates
the essential flatness of the Yellow Breecﬁe5>thrust.

Stoplight, continue east, get in right lang; A

Sto?light, croés Eisenhower Blvd.,continﬁe east on U.S.'322,

leave Interstate 83, Trace of Yellow Breeches thrust passes
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10.5

10.9

12.0

12.2

12.8

12.9

13.1

13.7
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behind modern church visible well up slope to right.

Raillway spur grade crossing.

The hMartinsburg" Formation swings up abrubtly from the south
almost to the road to form the west end of Chambers Hill. This
pfominent fidge, the northern scarp of which is well defined for
the next 3% miles eastward to the end of the Cumberland Valley
sequence exposure, owes its unusual relief to vitreous quartzite
locally developed in the "Martinsburg" Formation. |

Cross minor tear fault which brings "Martinsburg" across the road

for about 0.1 mile. View to morth from creat of rise gives good

 impression of "Harrisburg peneplane' standing above the limestone

valley whieh is here reduced to % mile width.

Blunt salient of Yellow Breeches thrust crosses road on crest of
rise. Cross '"Martinsburg' Formation for aboutv0.2'mile. -A small
shéie outlier is found along the railway to the north.

Recross Yellow Breeches thrust., Small cfop on right. Thrust con-
tinues approximately at base of escarpment to right beyond the.cut.
Poor exposure of Yellow:Breecheé'thrust above sheared St. Paul
behind Osterlund Truck shop on right.

"Martinsburg" cut behind Texaco station on right. Yellow Breeches

thrust swings just north of road for about 0.2 mile.

'Recross Yellow Breeches thrust small St. Paul crop on righc.

Observe considerable rise in road ahead and box-like end to the

. valley.

Cross Breeches thrust, eastern limit of exposure of Cumberland
Valley sequence carbonates. For the next mile east over the hill

U.S. 322 crosses a relatively narrow neck of "Martinsburg' which
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connects the main shale mass of the northern part of the Great Véliéy to the Steelton
belt which includes Chambers Hill. Carbonates to the east of the shale are of the
Lebanon Valley sequence. |
13.75 Turn hard right onto Chambers Hill road, just before crest of hill,
14.0 Turn left on South 80th Street crossing "thtinsburg" of Yellow

Breeches plates

15,0 ' Dangercus curve to left, watch for stomne trucks.
15.2 Stop 9, Fiddler's Elbow--Ebersole Quarry. Park in quarry yard.

On both sides of the covered bridge at Fiddler's Elbow about 2 miles southwest
of Hummelstown on the right bank of Swatara Creek and in the quarry:of George Ebersole
4 Sons there is a fairly complete though structurally complicated section of the
Lebanon Valley sequence from ﬁhe "Martinsburg'' Formation on the west to the upper
Beelkmantown on the east; Dips fange from about i4 to 32° SE and the entire carbonate
sequence 1s overturned. It'is,éfobable that the hMa:tinsburg" Formation is also
overturned as suggested by the superpqsition but internal evideﬁce‘is ambiguous,

Starting to the westiwhere the power line crosses the creek, the partly cal-
careous dark shales and silfs of tﬁe "Martinsburg" Formation contiguous to the car-
bonates were assigned to the Hershey Formation by Prouty (1959) and included in his
Hershey type section. This lithology, however, does not belong to the mappable
Hershey Formation of thereastern Lebanon Valley, but is clearly réiated to exotic
elements of the Dauphin County "Martinsburg" terrane which Platt (ms.) believes are
cleaxly considerably §Idefrthan type Martinsburg Formation. Hérpidposes that these
elements were redeposited by sliding into the flysch basin during‘Trenton time,

_Cobble sized iimestone'fragments in é shaly matrix poorly exposed on the east
side of North Unioﬁ Street just below the Myerstown Formation ;ayrrepresent a true
Hersghey eiement. On the other hand the nearest Hershey conglomerate exposure along

strike is over 25 miles away and the trend of westward thinning of mappable Hérshey
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1s such that it is expectably absent here stratigraphically. A comparable exposure
of supposed Hershey conglomerate at Steelton was shown by excavation to be a tectonic
breccia of the Myerstown Formation caught in the "Martinsburg" by thrusting. It
seems probable that the same situation applies here as differences in attitude between
the Martinsburg and Myerstown strongly suggest thrusting at the base (stratigraphic
top) of the Myerstown as is the case for all othef formational contacts in this
éection.

The 56 feet of Myerstown Formation now rather poorly exposed south of fhe‘secondary

crusher is the type section (Prouty, 1959) though it has been subsequently found to

“be incoﬁpletekowing to thrusting at the base and probable thrusting at the top.. The

thrust between the Myerstown Formation and the overlying (older) Annville limestone
is well exposed southvof the ﬁrimary crusher. The succeding 78 feet of Annville
limestone is also less than a full stratigr;phic thickness,-and a thrust contact
with the Ontelaunee Dolomite is exposed in the quarry. Cave development on and near
this last thrust is exposed in the west wall of the quarry and 1is apparently related
to water circulation along the thrust zone, |

fhe most cpnspicﬁous.structural feature here indicating a substantially different
mode of'deformatiﬁn from that in the Cumberland Valley sequence is the general over-
turning and the numerous flat thrusts. Closer examination will show signs of dis-
tributed shéar and'cleavage approximately parallel to the bedding. This stop is
fairly representative of the entire Lebanon Valley where upright carbonate beds are
very exceptional.

Back to U.S. 322,

16.5 " Stop, turn right on Chamber Hill Road.
16.7 Stop, rejoin U. S. 322 at mile 13.75.
16.9 "Martinsburg" shale crops on left at crest of hill. General view

ahead, while descending hill, of the Lebanon Valley sequence
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17.7

17.8-18.0

18.3

18.5

18.9

19.0

19.4

19.5

carbonafertopography and the Triassic hills forming the southern
mafgin of the Lebanon Valley.

Cross Swatara Creek. Thrust contact between Myerstown limestone

and "Martinsburg' in or near west edge of q;eek, concedled. Thrust
contact between Myerstown and Annville Formations exposed under east
bridge abutments. Prominent cliff to right is Annville limestone
Ontelaunee Dolomite thrust over Annville just above exposure.

Thrusts here are apparently continuous with those at Stop 9.

Sporadic Ontelaunee exposure in road cut, cross into E?lér Formation -

at abOut 18.0

Brancﬁ line railway grade crossing. Small sink ho1e to right
opens'downﬁard. |

Epler Fdfmation crop on left,

Turn left on road to Middletowﬁ just before high school.

Strongly sheared Epler Formation crops on both sides of road,

Turn right toward Indian Echo Cave (sign) 200 feet beyond.

Branch line rallway grade crossing, railroad cut in Epler Forﬁation
viaible to left. |

Stop 10; Indian Echo Cave.

Park at picnic area.

The cave and surrounding area are private property. Please feépect owners rights

and 1éave hammers and collecting equipment on buses. Dammaginé cave formatious is

unlawful. Samples of flowstone may be purchased at the cave office for thirty cents.

Lunch will be gerved here either before or after geologic inspection depending on

success in meeting the schedule. Shelter and restrooms available.

Owing to the relatively small éize of someé exposures to be examined pasaehgers of

each bus will please remain as a group which will be conducted to each point of
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interest in rotation. All groups will proceed down the path and steps to the cave
entrance. Points both up and down stream from the cave as well as the cave itself
willl be examined.

The rocks in this area are interbedded limestones and dolomites, 1n the upper
part of the Epler Formation. Though there are naturally variations in detail, the
lithology here is fairly representative of’much of the thick Middle Cambrian to
Lower Ordovician Carbonate Séction of the Lebanon Valley. The greater part of the -
remainder is substantially more dolomitic like the Ontelaunee Formation at Stop 9.
Purer limestones are somewhat less abundant. As the available time does not permit
a complete stratigraphic synopsis, it 1s intended that this stop should give & sense
of the "typicél" carbonates of lhe Lebanon Valley sequence, The most conspicuous
difference between these rocks and the rocks of the Cumberland Valley sequence pre-
viously examined 1s, perhaps, that recrystallization and internal flow have largely
obliterated the primary textures and structures which could be observed in Franklin
County.

The tectonic style here 1s conspicuously different ffom that previously seen in
the Cumberland Valley sequence. Attention here will be directed to minor thrusting
parallel to the mean bedding and the development of boudinage. Cumberland Valley
Sequence rocks examined which are most néarly correlative to this exposure are the
Stonehenge limestone of Stop 5, but it will be readily apparent that deformation
here 1s even more severe than in the much older rocks of Stop 4.

Boudins ranging from incipient to fully isolated are best observed in cro:s section
in the cliff above Swatara Creek about 250 feet south of the cave emntrance. Numerous
other examples may also be observed throughout the area. Attention is particﬁlarly
directed to above the cave entrance and the three dimensional éxposure under the lowest

flight of steps.

A minor thrust parallel to the underlying. beds,but truncating some above, is
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exposed about 125 feet north of the cave entrance.
About 100 yards north of the thrust Wildcat cave, a small opening, 18 approached
by a narrow path. Limitations of access make this cave unsuitable for use by large

groups, but the relation between fracturing and cavern development is well displayed.
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The main cave particularly well illustrates the preeminence of fracturing in
controlling solution effecfs. The two branches of the cave are developed along
orthogonal master joints having no appaient displacement which are parallel to most
of the joints in the area. The lesser features of the cave arebalso seen to be
primarily controlled by jointing with bedding having only minor influence. To the
extent that beddiﬁg does influence solution we find that this is still largely a
fracture effect. The nominally less soluble dolomite beds are.often more eroded
than thehlimestqnes becausé the much more intense fracturing in this more brittle

rock has left it more subject to attack. This effect is illusﬁratéd by the recessed
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dolomite bed at floor level with a projecting limestone bed above found about 150

feet from the entrance on the route into the cave. Preferential development of smalle:

solution openings in dolomite beds because of their commonly fractured character is

a common feature in the Lebanon Valley.

19.5
19.7
20.0
20.2

20.3
21.4

22.0

22,25

22.3

23.5

Continue around loop and retrace to U. S. 322.

Railway grade crossing.

Stop, T intersection, turn right.

Stop, turn right on U, 8. 322.

Epler Formation outcrop on left, much disturbed by proximity

to minor thrust.

Continue straight on U. S. 422 (slow down), U. S. 322 bears to right
Turn right on Pa. 39 west.

Epler Formation crop on left, abandoned Epler quarry ahead on
right. Boudinage of dolomite be&s.

Cross Epler-Ontelaunee contact just béfore railway bridge.

Turn right just beyond bridge, Cntelaunee exposure on right in
turn. Proceeﬁ east on W. Chocolate Avenue. Road runsvappro#imatek
aloﬁg-strike of nearly vertical Ontelaunee Dolomite with the pure
Annville limestone underlying a gentle shale to the north. The
ridge which lies about 1000 feet to the north is formed by "Martims
burg" shale. This shale occupies the core of an antiformal sjnclin
in inverted strata, and is fsolated from the main shale aréa.

Stop 11, Swatara Quarries.

Buses park on right shoulder of road short of trailer park.

Passengers cross road (with due care) to quarry overlook.

This 1is the western quarry of two abandoned Annville limestone quarries which

form the Swatara district. Water depth in both pits is in excess of 100 feet and
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they are currently used as reservoirs by the Hershey Chocolate Co. Numerous features
Y 1 *y AT

of interest are found in the district but they are not conveniently accessible to
large groups. The stop here is made expressly for pointing out the perticularly
vrominent cross folding. | o N

Cross folding plunging in the direction of tectonic transport ie a L;s;an feature
of the western Lebanon Valley. It is often difficult to recognize on the scale shown
here, however, when it must be deduced from scattered smaller exposures. The cross
_ folding is apparently syngenetic with the main transport phase of‘deformation and is
the result of restricted tectonic transport. A well known phenomenon of theoretically
related genesis is the development of complex folds with vertical axes in salt domes
during emplacement. Cross folding of the type shown here is apparently not an unw-
usual feature of large far-travelled thrust blocks. They havelbeen most extensively
studied in the Caledonides of Scotland and Norway. The students‘of Caledonian petro-
fabrics generally concur that]this type of deformation is a positive indication of
very substantial horizontal displacement of the affected rocks. 'The Caledonian
occurrences described are alllfrom rocks for which tens or even hundreds of ¥ilometers
displacement are inferred. : |

At the overlook yocu are standing on the upper pure dolomite member of the Ontelau=
nee Formation. 0ccasionalbeds of high calcium limestone, which are inseparable from
the Annville limestone by appearance or insoluble residue, are interbedded with this
member in this area. This 1s one of the bases for believing that the upper Ontelaunee
18 gradational to the middle (?) Chazyan Annville limeatone and is probably of lower
Chazyan age. The dolomite of the- hanging wall extends down apptoximately to the water
line. The underlying Annville limestone is here about 180 feet thick and has been
entirely stripped from the Myerstown limestone footwall to reveal the crossfolded

surface seen across the quarry.

23.5 ' Continue east on West Chocolate Avenue.
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Stop, T intersection, turn right om U. S. 422, proceed 1 block.
Turn left on Mill Street, Epler Formation crop (abandoned dimension

gtone quarry) behind gas station On left at éorner. More crop on

left in cut on Mill Street. Ontelaunce contact lies just north

of U. S.>422.

Bear right at fork.

Stop, T intersection, turn left on Hockersville Road.

Stop, Turn left on Govermor Road, U. S. 322,

?gésing residences of Milton Hershey School, building at distance
to left is Hershey Chocolate Plant.

Cross Epler-Stonehenge contact, exposure is almost always poor in
this area.

Entering Lebanon County. The south Leﬁanon thrﬁst, the largest
flat thrust within the allochthon crosses the highway just to the
east. This thrust is continuous about 30 miles along the valley,
and probably extends eastward with offsets. The maximum strat-
1graphic cut out, however, is from this vicinity westward to its
truncation by the Triassic border. 1In this interval the entiré
Upper Cambrian and probab1§ parts of adjacent units are missing.
Ffom this point for 2.1 miles eastward detailed mapping is in-
cqmplete. Travel mostl& on Buffald Springs Formation.

Cross N-S fault onto Snitz Creek Formationm.

Cross from Snitz Creek to Buffalo Springs Formation.-

. Re~enter Snitz Creek Formation, The Buffalo springs tongué just

"crossed probably represents the axls of a ldarge cross fold.

Snitz Creek Formation crop on left.

Contact Snitz Creek-~Schaefferstown Formation.
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32.4 Enter Lebanon Quadrangle (Pa. Geol Survey Atlas 167C) cross
Schaefferstown-Millbach contacf. |
33.2 Exposure of Mﬂlbach Formation on left near junction of Pa. 934, _
33.4 Cross Millbach-Schaefferstown éontact, good ledges in fileld ahead g%
to-ieft glve fairly complete exposure from upper Schaefferstown to
lower Richland. | |
34.5 Cross Schaefferstowﬁ-Snitz Creek contact; low ridge ahead is éupported
by sandy dolomites of Snitz Cfeek Formation.
34.8 Cross Snitz Creek—Bﬁffalo Springs coﬁtact, féir exposure of uﬁits
in this érea.
35.3 Turn left on Pa. 419. Snitz Creek Formation crops on 322 just
beyond turh, where it 1s brought up through‘the Buffalo Springs : ;'
on # minor thrust. | | N
36.0 Stop, cross Pa. 72,
36.7 Enter Corn&all.
36.9 : Bear left at fork on Pa. 419, .
37.3 Stop,lfurn left on Cornwall Pike (sign to LebgnonL
37.8 ﬁuffalo Springs crop on left.
37.9 Turn right on Culverf Street.
33.2 Caution, narrow underpass with blind approaéhes, stop on far side.
38.25 Stof 12, Cornwall Railway.

Easiest ascent to the railway level without hazard of fouiing electric lines is
up the south abutmgnt on the west side (opposite to parking) of the underpass. The
underpass is iocated approximately on the Snitz Creek-Buffalo Springs contact; The
cut in the Buffalo Springs Formation lies several hundred yardé to the south, On

route to the exposure numerous iron ore pellets produced at the Cornwall Mine con-

centrator may be found scattered in the track ballast. These pellets have
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occasionally been mistakenyfor meteorites when found individually by layman.

The anfalo Springs Formation exposed here is now thought to be of Middle
Cambrian age and correlative to the Elbrook Formation of the Cumberland Valley
sequence.

This conclusion is based on study of eomparative lithostiatigraphy. Evidence
for faunal confirmation of this conclusion has not been discovered in these highly
deformed rocks. The general similarity between these rocks and those at Stop 4 is
readily apparent. The principal difference is that shale beds”which are common in
the Elbrook Formatlon are only rarely observed in the Buffalo Spfings Formation.

The mode of deformation, however, 18 radically different from that at Stop 4,
This stop is basically intended to bring out this contrast in the deformation of
correlative_un;ts in therallochthone andautochthone where the deformation in each
approaches 1ts maximum. The major structures of the east side nf the cut are shown
in Fig. 16, Starting at the north end we can see/that we are in the digitated nose
of recumbent antiformalrstructure which 1is probably in fact synclinal as the whole
unit 15 generally‘invented.. Axial planes of minor folds and cleavage axe here es-
sentially horizontal. Pagsing southward into the structure the cleavage becomes
warped teprogreseively gteeper dips. It is obvious that bedding was essentially
passive in this deformation in marked contrast to even the most severe deformation

observed in the Cumberland Valley.

38.25 ‘Continue.east on Culvert Road.

38.6 T intersection, turn right on Whitman Road.

38.8 T intersection, turn right on S. Lincoln Avenue,

39.0 | Ore pelletizing plant built in 1960 visibleiahead on left..
39.2 Stop, T intersection, turn right on Schaeffer Roed.

40.0 Railway grade crossing. .

40.3 Stop, T intersection, turn right on Pa. 419, railway grade
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crossing 50 feet beyond corner.
40.4 : Intersection, rejoins outbound route at mile 37.3. Retrace to

' Campbell town via Pa. 419 and U. S, 322.

41.7 Stop, cross Pa. 72.

4253 Stop, T intersection, turn right on U. S. 322.

50.0 Turn right on Palmyra Street in Campbelltown.

50.3 Bear left at forkdonto Lingle Avenue. Cross south Lebanon thrust at

about this point. A small thickness of Snitz Creek just south of
thé thrust represents the approximate western limit of exposed
Upper Cambrian rocks in the Lebanon Valley. The thrust here

overrides Lower Ordovician Stonehenge Formation,

50.9 ~ Cross Stonehenge-~Epler contact.

51.7 Epler Formation crops on left.

51.9 Stoplight, cross U. S. 422.

52.7 Cross Epler-Ontelaunee contact.

53.0 Sto 13, Palmyra Quarries, H. E, Millard.

ﬁuses park in large grave) area to right.

This is the type section of the Annville Forgation (Pfouty, 1959) and the quarries
are représentative of development in the main quarry district. High'calciﬁm lime
for a fariety of industrial uses is actively produced from the newer east quarry
opened.after roof falls forced abandonment of underground miﬁing in the west quarry.
Stone is trucked through a tunnel under the read and hoisted by belt from the under-‘
ground workings after primary crushing. Though water flow in these quarfies is not
exéessive, flows apprbaching 40,000 gpm forced abandonment of.a quarryva half mile
to the west.

A complete normal stratigraphic succession is apparently present here though

there is evidence of considerable slippage on both contacts of the Annville limestone -




86

The full complement of & metabontonite beds may be found in the Myétstown Formation
in the road cut north. of the Quarries.

''he bedding here dips approximately AdJSSE overtu:ned which 1s about average for
the main quarry belt. The large expanses of fairly uniform}&,dipping overtﬁrned
strata shown here is characteristic of the Lebanon_ValIey and obyiouély quite diffgrent
from the structures observed in the Cumberland Valley. A comparison is facilitated
by recalling the structure at Stops 1 and 6 which equsé strata correlative to the
Annville. The great difference in facies aspect as compared with the lithology at
Stops 1 and 6 is readily Qpparent as may be verified by comparing the following section
with the cdlumn in fig.rlo. It should be noted that the 1atega1 change of the St.
Paul Group no;theastward in the Cumberland Valley is such that the contrast in
thickness and 1ithoiogy between the Annville limestone and the glosest‘St.'Paul

exposures 1s even more extreme.

Section Description ~ Thickness
Unit " Cumulative
) ft. in. ft, in.
Meyerstown Formation (mot measured) t
1. Limestone, Very dark gray, fine-grained, slicken-~
sided carbonaceous partings, forms footwall of
quarry. Thin greenish-gray shale (metabentonite?)
beds, found along road to northwest about 100 to 150
feet.
Annville Formation (180.5 feet):
2. Limestone, medium-dark-gray, shaly, thinly 5.0 180.5
laminated. o o o
3. Limestone, medium?to medium~dark-gray, fine ; 64.0 175.5
to nearly dense, weathers very light gray, granular. .
4. Limestone, very dark gray, carbonaceous, somewhat 1.2 111.5
shaly.
5. Limestone, medium~to medium~dark-gray, calcilutite, 62,0 110.3

weathers light gray, granular.
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6. Limestone, dark-gray, dense; partly covered.

7. Limestone, medium-gray, quite pure, weathers
very light gray, granular. '

8. Limestone, medium~dark-gray, calcilutite,

9. Limestone, medium~light-gray, weathers light gray,
granular. - , -

10. Limestone, medium-dark-gray, calcilutite.

11. Limestone, medium-light-gray, very light-gray
weathering.

12, Limestone, nearly white, marbleoid, a few medium=
gray laminae, weathers flour-like.

13. Limestone, medium-dark-gray, fine-grained,
4" 'shaly bed near middle.

14. Limestone, medium-light-gray, fine-grained
thin-bedded. weathers somewhat shaly.

Beekmantown Group~~Ontelaunece Fermation (801 feet) Partial Section

15. Dolomite, medium~dark-gray (N4) to dark gray, very 27
finely megacrystalline, parting into l-to 2-foot
layers; black, soft, carbonaceous shale between massive
dolomite beds in lower portion; numerous stylolitic
partings.

16. Dolomite, partly concealed, medium~dark-gray, very 16
finely megacrystalline, laminated, deeply
weathered light gray; stylolitic partingsj black,
carbonaceous shale layers.

53.0 Continue north on Lingle Avenue.

53.2 Stop, bear left at intersection.

53.5 Stop, bear left om Pa. 743.

544 Turn right on Air Park Road, continue on Pa. 743.

55.3 Straight on Air Park Road, leave Pa. 743.

56.9 " Continue straight, join Pa. 39,

58 .4 End Pa. 39, bear right on U. S. 322 west,

60.6 Railway grade crossing.

65.9 Railway grade crossing,

11.0

5.0

1.8

2.5

10.0
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66.2 Stoplight; continue straight, join Interstate 83, use center lane

approaching light.

69.1 Turn right at exit 24, take 13th Street north.
70.0° Stoplight, turn left on Market St., 4th stoplight on 13th St.
70.5 Stoplight, turn right on 5th St., just beyond railway underpass,

use right'lane;u

70.6 Turn left from fight lane onto Walnut Street (5th St. traffic

has right of way).

70.6%+ Stoplight, turn right on Commonwealth Avenue.
70.8 Arrive at O mile stone, end of second day completes field

conference, Glilck Auf}

j ety _W
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