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PREFACE

This report on Carroll and Frederick Counties is the twelfth in a series of county
reports that was started in 1900 and planned to ultimately include all of the counties
of the State. The previous reports covered a single county. Since the geographic
boundary between Carroll and Frederick Counties is not a geological boundary, and
since the geology of the two counties can more advantageously be presented as a
geologic unit, the two counties are included in a single volume.

The county reports supplement and describe the four series of county maps that
were initiated by the Maryland Geological Survey and which are published on the
scale of one inch equals one mile. The basic series on which the other three series
are over-printed are the county topographic maps with a contour interval of 20 feet.
Many of the original county topographic maps have been revised and reprinted from
time to time. The latest editions of the Carroll County and Frederick County
topographic maps are 1937 and 1942, respectively. Between 1902 and 1929, the

Maryland Geological Survey published county soil maps for all of the counties of the
State. The Carroll County and Frederick County soil maps were published in 1922

and 1925, respectively. Between 1905 and 1914, the Maryland Geological Survey
published forestry maps of nine counties. The Frederick County forestry map was
published in 1913, but no forestry map was published of Carroll County. Geologic
maps of Carroll County and Frederick County were published in 1928 and 1938
respectively. The reader of this report will be greatly aided if he provides himself
with these county maps, which are now distributed by the Department of Geology,
Mines and Water Resources.

The county reports are the most comprehensive and complete descriptions of the
natural resources of the counties of Maryland that are available. They describe the
geography, physiography, geology, mineral resources, surface water resources, ground
water resources, soils, forests, climate, and magnetic declination of the counties.
The reports are encyclopedic in scope, each section being written by an authority in
the particular subject matter, and natural resources are included beyond the field of
the Department of Geology, Mines and Water Resources. The completion of each
county report is an outstanding testimonial to the unselfish devotion of those engaged
in the investigation of natural resources to maximum public service and of the spirit
of cooperation in which they work. The authors of the sections in the Carroll and
Frederick County report include personnel in both Federal and State conservation
agencies who contributed their sections outside of their regular duties. The Director
expresses his deep appreciation to those who contributed to this volume both for the
spontaneous willingness with which they responded and for the excellence of their
contributions.

The reports are designed primarily to serve as geologic reports to accompany the
geologic maps, so that the section on geology in this report as in previous reports is
the longest section. The authors of this section are properly the authors of the
Carroll County and Frederick County geologic maps, Dr. Anna Jonas Stose and Dr.
George W. Stose. The area covered by Carroll and Frederick Counties is part of a
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much larger region, extending to the north and to the south of Maryland, character-
ized by very difficult and complex geology. In the course of the years since the
publication of the Carroll County geologic map, the authors not only mapped Freder-
ick County but extended their geologic investigations beyond the boundaries of both
counties. Their more extensive investigations led to revision of some of their cor-
relations and structural interpretations in Carroll County on the Frederick County
geologic map published 10 years later, and have led to some further revision in this
report of their interpretations of the geology of both counties in the seven years that
elapsed since the publication of the Frederick County map. In order to complete
the geologic unit of the Blue Ridge, the Frederick County geologic map overlaps onto
the eastern edge of Washington County. In 1941 the Maryland Geological Survey
published the geological map of Washington County by Dr. Ernst Cloos, and that
map does not conform completely with the Frederick County map where the two
overlap, the geologists differing somewhat in correlation of formations and in struc-
tural interpretations. These differences of opinion and interpretation are discussed
by the authors of the geologic section of this report. That the “authorities’ are not
in complete agreement on the interpretation of the geology, however, does not impair
the usefulness of the maps as areal geology maps. The briefer introductory section
on- the geography and physiography of the two counties was also written by the
Stoses.

The section on the mineral resources was written by the Director of the Depart-
ment of Geology, Mines and Water Resources.

The section on the surface water resources was prepared by the late A. H. Horton,
district engineer of the United States Geological Survey. The section on ground
water resources is by Mr. Robert R. Bennett, geologist of the United States Geo-
logical Survey, in charge of the ground water investigations in Maryland conducted
cooperatively by the United States Geological Survey and the Maryland Depart-
ment of Geology, Mines and Water Resources.

The section on the soils is under the joint authorship of Mr. I'. G. Loughry and
Mr. D. C. Taylor, of the Regional Soil Conservation Surveys Division, Soil Con-
servation Service, United States Department of Agriculture.

The section on the forests is by Mr. Joseph F. Kaylor, State Forester and Director
of the Maryland Department of State Forests and Parks.

The section on climate was written by Mr. Joseph Bily, Jr., official in charge,
Weather Bureau, Baltimore, Maryland, United States Department of Commerce.

The section on magnetic declination was prepared under the supervision of Mr.
0. W. Swainson, Chief, Division of Geomagnetism and Seismology, United States
Coast and Geodetic Survey.

JoseErH T. SINGEWALD, JRr., Director.



CONTENTS

Appalachian Mountains
Piedmont

Drainage

Physiography

GEOLOGY OF CARROLL AND FREDERICK COUNTIES. By Anna J. and George W. Stose
Previous Work
Work by the Writers
General Geology. ................. T e Nt | NI 1Y N
The County Geologic Maps
Pre-Cambrian Rocks of the Blue Ridge-Catoctin Mountain Anticlinorium
General Description and Location
Early Pre-Cambrian Rocks. ...t
General Description
Granodiorite
Biotite Granite Gneiss
Relative Age of Granodiorite and Biotite Granite Gneiss
Late Pre-Cambrian Volcanic Series
General Description
Swift Run Tuff
Marble
Catoctin Metabasalt
Distribution
Character
Aporhyolite and Associated Pyroclastic Sediments
Distribution
Character
Pyroclastic Sediments
Dike Rocks
Relative Age of the Volcanic Rocks
Relation of the Volcanic Rocks to the Injection Complex
Age of the Volcanic Series
Paleozoic Sedimentary Rocks
General Description
Cambrian System
Loudoun Formation
Distribution
Character and Thickness
Age and Name
Weverton Quartzite
Distribution
Character and Thickness.........................
Age and Name




viil CONTENTS

12 (o]t H ok (1 LS SRS, - S5 IR & Ao o < 0.2 60 0 0 © o 40
Distribution................. B | Rl ThC a0 ob 0a0 PRI |- o< 000 00 o 40
ChamClER-andyTHICkIESS.. . . .. . . coree oo b e e ar oo e oot RS 40
A el Namn2 g o860 SIRRRIIRRRIRRIRAN 6 0 0 0 o oo AOOERBAEEE 6 o o o - - 40

AntietamiORaRtZIte.l. . . .... ...t e e e s e e e 41
D% Yo D o e O TR PR AP A 5% 00 JOOERET IR D00 0 5% o o 41
Characterpnd Thickness.. .. ... ... oo oovoamime aus oum oot o oo e siomoe oo oo 41
INGERRABNAINE. |, - . .. .o o e R e et 42

4 orrn ey 1DXe) (010D L R S G S S BRI S 42
Distribution and Character................. ... ... i 42
A il N 00 SIS RS ST 5 55 o G O e GO s 43

Frederick Limestone. ....... ... o.ituttiinen it 43
VB (001013 1 o, 1 VRN PP S s S 43
Character and Thickness..............ooi it 43
A2 23] (Clorie] 1 S ENMPRI CSE C  0 Pl Sl 5t 10 0l o G SERIO G 46

(Osleia L SVSIEED - oo RN RPN SRPPI rch o B R o SR B A ot 47

Grove LimestOne. . ... vut vttt ettt ittt ettt 47
DiStribution. .. oo . e 47
Character and Thickness............ ..o 47
AFT 0 0500000000000 PRI CE 00 0dtIoba b 4 0o G 8ab onii6 o M 6B ola 6 oo - 50
Correlation. . . RN B - 0 006 000 60 0 FEMS 058 g ool o 45)1]

Crystalline Rocks of the Pledmont Upland .......................................... 52

Baltimore GReiSs. . ... oottt ettt et e 52

Eastern Sequence of Crystalline Schists............. ... ... .o o 53

Setters FOrmation. . ... ..ottt ot 53

Cockeysvillemagblel. ... ... ... ..c..ouivn it imiiie it 55

Wissahickon Formation.......... ... .o ittt 55
Oligoclase-Mica Schist Facies............ ... i 56

Peters Creek Formation......... ... i, 56

Western Sequence of Crystalline SChlStS ......................................... 57
General Statement.. ... ... .. e 57
WakefToldMAIBIE ol - - . . -« v o v oenenas e e e e R e E e spaeke e oo 58
Stlver RUNPEIMESTONE. . ... ..o o vv v vt vt e it e o aoe o o oraie e dhatee opons = - 62
WENE TS S35 e b o a0 - PSSP 1 UV AN SSPPRIIR 5 G 508 - 0 0 o & 16100 o 63
General Description. ... ... . .. . i 63

Sams Creek Metabasalt............. .. ... i 63

BibertytownMMetarhyolite. . ... ... ... .o, .o com i oo e 65

Ijamsville Phyllite. ... ... ... . i e e 66

Origin of the Volcanic Series................. o i, 67

QU ED 08B0 dk o © 2 0 B B 9 8 05 o CERIEANEAE (I RN CER ORI CS: 5 C . o o (5]

RSz L Es I o e o o 8 o o s o PR I PR, . G o 69

Sugarloaf Mountain Quartzite. . . ..... ... ... ... 71

Miarhung SCHEtI IR 5 L e e S 74
Quartzite in the Marburg Schist................. ... ... ... 75

Albite Chlorite Schist Facies of the Wissahickon Formation. .................. 76

Metamorphism of the Crystalline Schists of the Piedmont......................... 78
SUTLTL AR 0 8ol da 350 ol 5 o B oD PRI ERaR " SRR S o 0 00 0 5 b oo o oo 79

Age and Relations of the Crystalline Schists.................... ... ... 80

1 BIEE S (0 SEUE 110 0.0 oRiciod G SEE & B0 6 0 O ORISR SSAR  S R et ¢ - o o og 83
General Descrlptlon .......................................................... 83

New Oxford Formation. .. .......c.. ittt 84
10) 1 ol D0 0 10) LS e PR PSR- 6 & o & 28 ot 0lo 0 o000 0k 84

Character and Thickness............... ... oiiiiiiiiiiiieni.... B84




CONTENTS 1x

GottyshurgiSRalemyrr . ... . ..o o T R o o b - - F R Ly PR 86
Distribution. .. ... ...t 86
Gharacterjand Thickness..............¢..... oo tn Mo oL 86
E85 0.0 0 000,000 o 0,05 086 0 80 0.0 I80 0 BOBNEHCEIRE. bbad BN o ok b o ano oo clo 87

Source of the Triassic Sediments. .............. ... ..o 87

QuAtErRARYRSTSTEM k. . . . . ove oo 5750 T il o o gorde oo o o e8eloura o Satarsiamalate oo BRI o 88
ANUVIAICONEE . .« me o mormre o e o v v e oes o oo alaes oe o o ool R TN e 88
TIROHIACCRCHEAMCIS 1 L« « . o v v 55 o oolafolly oo ihoment o, JUICE RTINS 9 88
ATUWVABR . oo v e e sl s e T T TR L A 88

Intrusive ROCKS. . ..o vn it et e e 90

General Description. . ... ...t 90

Pre-Carboniferous Intrusives. ......... ... .. ... 90
Serpentine and Metagabbro............ ... .. ... oo 90
SykesvilleaGranite! . ur oo oo B L e 91
Age of the Serpentine, Metagabbro, and Sykesville Granite. . .................. ... 93
Late Paleozolc IRTRUSIVES. . . ... oo vn et e e ein e N T 93
Muscovite Pegmatite......... ...t e 93
Triassic INtrUSIVES. .. ..ottt e 94

I DY s 0 o o e S s OE ST I SRR AP § SRR 2 o o o .ir TR 94
IDIStEBHUHON! . | . . 4. o d s e e e e e e e e s e e s 94
Character..................ooouunn... R A A o 96
Metamorphism of Triassic Sedimentary Rocks........................... 97

Structure... ... .. L D R R g L e e .97
@enerall Deseription. ... .. ... S0 . SRR U ETIE LL C EER 97
Catoctin Mountain-Blue Ridge Anticlinorium.................................... 98

Middletown Anticline.......... .. ... 98

Catoctin Mountain Syncline............... ... ... .. ... 100

South Mountain Syncline.......... .. ... ... ... 102

Narrow Fault Block at East Foot of Catoctin Mountain. ................... . 104

Harpers Ferry Overthrust. ................ ... .. .. . .. .. ... 104

BredenickeSyncline. - e i e R L LR 113
Age of the Structural Features in the Catoctin Mountain-Blue Ridge Anticlinorium

and the Frederick Syncline................ .. .. . 114
Structure of the Rocks of the Piedmont Upland.................................. 115

General Description. ..ottt 115

Woodstock Antichiiesmh. .. i i oo o e SRR L L 115

BeachiBottom/Synelines: ... 0. .o .ot e 116

TucquanAntiching.s .. .. .0 ..o b 117

Hoffmans Mill Anticline. ........... ... i 118

Mannery Synchin®. ... o0 L R 118

Westminster Anticline. ... ... ... ... . e 118

Wentz Syncline.. ... ... 119

Area of Steep Axis Structure. ...l 119

Sugarloaf Mountain Syncline. ............ ... ... .. oo 120

Trend of the Folds and Age of the Folding. .. ............................... 123

Interpretation of Steep-Axis Folds.................. .. ... ... ............... 125

MattCIOVETERTUSE: . s« o . oo ee e oe e ol st e eiamiele et e e e s e e e e 126

Triassic Structural Features. ... .......................... o LTRSS

MINERAL RESOURCES OF CARROLL AND FREDERICK COUNTIES. By Joseph T. Singewald, Jr... 132

Limestone, Lime, and Cement. .. ...ttt it 132
Bred Crickd@ o um . 132
Grove LImestone. . ... ...t SR 132

Wakefield Marble.......... ... ... . ... ee....... 135




CONTENTS

ProduCtion. . ... vut ottt et e e e e e e 135
OPeEAURERIANES: o el e e B e e e 136

1Legore Ie COMPATIVEL . o ce v oo v v v v nen o oo ofofeofologs sioie o o sfaithee shaiesiale 136

S. W. Barrick and Sons, INC.. ... c.vvntvnt ettt i 137
StonerandIBOWEI . .0 cr ¢ cuieeeeeinon s vn siee o« ome Toreisione s et SRR fore 138

Shank and Etzler Lime Company. ..........c..oiiiiiiiiiiniiniieianns 138

M. J. Grove Lime Company, Inc.......... ...l iiiiiiiiian 138

Farmers Cooperative Association, Inc.................. .. ... ... 139

Lehigh Portland Cement Company..............ccooooviiiiini .. 140
IBEEEREAVAIIVIGRET. .. o1« - . ot v ov et s ot s aloaan e oso e o sioleeie s sle sisiore 141
(CoTallMCEIT S = o a0 iRt B ORI TGP TSR ) O E CPPr 141
IOrE 10 o SR T AU PR 0 SRR IRrers vt SRR 1 142
Building and Ornamental Stone............ ... . .. o 142
Wakefield®Marbler. .. .....c..cooiit i i e e 142
PotomaCIMATHIEN. - . . i oo ov e e oe e o o iBlekonsleteARe o shentheTeneesematlslenekeloR: Kekonore 143
Frederick Limestone. .... ...t ittt it ieinoiunsoonenseonaonns 144

Triassic Red Sandstone. ... ... ... coiiiiiiiiiiiiiieiiinoiirenennneuea.. 144

(OXn 112 o6 6 oo 0 0 0 B IEE R R T R TR TR 100 0 0 85 BO80 50 08 oot & 06 o o 145
BlapStore e B e e e o SR R g 145

O 086 do-o #6 05 5k o TS PRSI Je o0 6 00 BB o o .o o oo i 145
BuildingdSEndMESRE =g L e e e e e e Tl e e T 146
Roofing Granules. ............veeieininnnniiiiiiiiiiiieieentenieneeaneeen.o. .. 146
SoepatoRe aRdMITAIEAE. o it s . e e e s e s el e e el e o e i 146
Clinchfield Sand and Feldspar Corporation.......................oovinon.. 146

)8 (1 572 e o L 0T T PRI RIS PR PSR SPORRPR 500 510 147

1] Toc ((Q)E7)) 28 o o ol e e APPSR s TIPS e o 31 147
Y70 658 0 008 0 00 0 00 08I0 TR TR R R R 000t JP 38/ Qo BORR o B o0 o 0 0o oo 148
JEDT S5 oo 680 5 00 0 0 6 0.0 ol 0 BTG o TR I, B, 1'% o SRR - 4 oo N0 149
SaubletBaTite: PROBPECT. - ... .ot v v onvee e e vt s e s el ae e e sles el alaleiee s s 149

Ve O R0 0b 000 0T oo 8 LTI, PSTRIR o o (W 151 o TNE- AP, o , 00 814k 149
History, of Fron@INAMEEEY. <. .. . ..o oot vots o e one o e RIS S e oo o & e O 149
CarrolllCaERBYAE . oo e e e o e oo okepshomeieker o ol o sie s sienslehee 149
TeghPEUIMACE .. ... ..o v vee oot s et b e e il 2 e e e e slaas e ol 149

el T 2y S e SRR TR PO PR e ORI G811 149
BrederiCkiCountYrE . o . o on v oot e e s T e e e Sleisie s e ST ekl 150
Catoctin Furnaces ... ... ... . ittt e 150
HamptentBurmace N0, ... ..ol L - e 150

Fielderia Furnace............. ..ottt 150

S0 TT0) 00 QT o O P P 150

Lonaconing Furnace.............. . i e 151

0N g0i0 (OFT-a80 6 cho 0 60 8880 00.0 1 TIPS 5 S0 IERISTIRE (8 5 00 & 00 o 151
Limonite Ores in Carroll and Frederick Counties............................. 151
Limonite in Cambrian Shales.............. ... i 151

Limonite in Cambro-Ordovician Limestones. ... ......................... 151

Limonite in Piedmont Limestones... ... ...t .. 152

Specular Hematite in Carroll County............oooviiiii i, 153
Magnetite Ores in Frederick and Carroll Counties............................ 153
Magnetite Ore in the Loudoun Formation........................... ... 154

Magnetite Ore in Piedmont Schists............... ... ... . 154

(Cg0) 000 (0150 00 - BBnD 1T bR S P e T PSR IR, 8 | |5
South Mountain Copper OFeS. ... ... .vvvntevneentotn ot ournaeesueeomenunne o, 155
Copper Ores in the Wakefield Marble................. ... ... ... 155
NeWondon IMINE. .. . .ot et e e ee e o e et o e e e e e e sl e e 155

Dolly Hyde Mine. ... ....c..vitiveintit ittt iiaet e ceiianens .. 156




GEoLOGY

Liberty Mine
REDPAMAERE ok e B B L e e e SRR 200 00 80 157
Cox Mine
Roop Mine
Pittinger Prospect

Copper Ores in Southeastern Carroll County
Patapsco Mine
Mineral Hill Mine
Carroll Mine
Springfield Mine

Production of Copper Ores

Bibliography

Lead and Zinc Ore

Gold Ore

WATER RESOURCES OF CARROLL AND FREDERICK COUNTIES:
SURFACE WATER RESOURCEs. By A. H. Horton. ..................coooiiiiioiiain..
Streams in Carroll and Frederick Counties
Gaging Stations in Carroll and Frederick Counties
GROUND WATER RESOURCES. By Robert R. Bennett
Relation of Geology to Ground Water Resources
Ground Water.in the Blue Ridge Area
Ground Water in the Area of the Triassic Rocks
Ground Water in the Frederick Valley Limestones
Ground Water in the Eastern Piedmont Area
Well Records in Carroll and Frederick Counties

Soirs oF CARROLL AND FREDERICK COUNTIES.
Introduction
Soil Surveys of Carroll and Frederick Counties
Land Use Capability Classification
Soil Grouping
Soils of the Piedmont Upland
Well Drained Soils
Imperfectly Drained Soils
Poorly Drained Soils
Soils of the Middletown Valley
Well Drained Soils
Imperfectly Drained Soils
Poorly Drained Soils
Soils of the Triassic Upland
Well Drained Soils ‘
Imperfectly Mrained iSoils i ma .0 ai Mo o lew ool oottt b Wi o Bl o,
Poorly Drained Soils
Soils of the Frederick Valley...................... ... i, R e e
Well Drained Soils
Imperfectly Drained Soils
Poorly Drained Soils .
Soils of the Appalachian Mountain Area
Well Drained Soils
Imperfectly Drained Soils
Poorly Drained Soils
Agricultural Production




xil CONTENTS

Area of Soil Types Mapped in Frederick County and in Monocacy Watershed Portion of

Carroll COoUNLY .. ..o vttt ettt e e e e e e e e e e 213
ForesTs oF CARROLL AND FREDERICK COUNTIES. By Joseph F. Kaylor..................... 219
The Forests of Carroll County ... ... ...ttt eiitieetiiiirinnnnn s 219
The Forests of Frederick County...........coovuuiiiiinne it iinineiinnineinne 219
Distribution of the Forests. ... ... . i 220
DescriptionfofftheMForests. ... .. ... oouveo e voumohi con iy dale s caree e ol 220
Important Timber Trees and Their Uses.................c.oooiiiiiiii s, 221
(O 50 0 000000 G TSNNAPISRPR SRR 555 6 o0 6 o Bl o o 5 G SRR 000 5 . 221

NI (O 5o o PP SR I o8 o oo 6. 0.0 o I0BICEGEL D o 221

REARDEkS P % . .. o e Jelee D e el EET e T A 222

EBEBIRME. - s c1e « v v v e v evee e vnevnnonnonnns oo enae s il Bies s 222

MulipdBoplar. . ... ..........coooo e DL R IR, LS 222

Lumber and Timber Cut.......... ..ttt it 222

) T ) QPRI P NI 155 A 1 53 0 5 A 222

) e o | LT R B (105 © 0 0.0 b.0.00 01 <0 0. 0 3 O 222

o A IR b o o d ot ooy BB 6ok 222

BBIpwoodBs. .. ... ... ... TR IR Y R 222

SHIRGIESY. . ..t e e T SR BT 222

1L 1m0 00 IR TR TR TR TR TR T TN SRR PRIRIBARA 1 616 0 0it o 00 .08 o 96 3,95 222

(O o [ B0 o e PR SO S & & B0 <o o < 0 & o 0.0 B 222

Home Use of Wood and Timber.....................oooi i 223
Building Material .. ......... .. .. e 223

BaelfWood. . ... ... oiiinir i 223

BERCEIHBSIST . . . . . oo oo vvevennie s eie e ere e oree R o o 223

Forest ProteCtion. .. ... .......iiuettt ettt ettt o e 223
Forest FAres. . .. ...\ttt e e e e e e e 223

Destructive Methods of Cutting. ............ .. ... ... ... ... ... 223

GIAZITGIor - o« oo ot 5e v e et baave o mecnastosonennsonsane s oo sioaamsss sarears 224

Insects and Fungus Diseases.................. ... ... ... il 224

Forest Management. . ... .........uutt ittt i e 225

o) =) 80 Lt 0TGP B 0 i o) 226
Trees for Forest Planting............. oottt i 226
BlaCKEIEOCUST. . . .o\ . ot e eeeene e oeeee cnn e e e e e e e e 226

White Binel. .. ... ..., e e e 227

RE@akE . 5 0ol e enereeanneeaia oo ml ) Pl eSS 29

W AR o o o e e e e L TSI 227

Shade TIeeS. . . . . .o ottt ittt e et et e e e e e 227
Forest Trees in Carroll and Frederick Counties. ................... ... .. ..ot 228
INJT T3, 1 ORE B ool SRR C S B S oo e R O 228
(ol (50 booo oo o B o TSI A A, AR SR S B B8 o o o o o 228

) 56 YT 1 0G0 o SN SR o R T 228
Introduced Trees That Have Become Common in the Forest...................... 230
CLIMATE OF CARROLL AND FREDERICK Countigs. By Joseph Bily, Jr... ... ... ........ ... 231
Weathern SEAtIONS: . .. - o5 o viuer ot oot e e iasensisosanensosssoneeasososdones 231
TREMPETABIIEE!, - - e o s e e oo e oo m e e ee alae o s eie e et o me s s e dee e aean o o e s S . 28]l
GIOWING SEASON. . ... .o\ te ittt ittt et e e e 236

) T o 1T, o PP APPSO s i 236
Snow Fall...................... B PR O 30 - A8 EBB A o 0 o o o o o 239
Bogs®o . A L R T P I 239




CONTENTS

MAGNETIC DECLINATION IN CARROLL AND FREDERICK COUNTIES. Prepared under the super-
vision of O. W. Swainson

Importance of a Knowledge of the Earth’s Magnetism
General Information

The Magnetic Elements

Distribution

The Compass and the Magnetic Poles

How Magnetic Observations Are Made

Magnetic Survey of the United States

Scope of the Survey

Condition and Location of Stations

Repcat Observations

Magnetic Observatories

Magnetic Survey of Maryland

Changes of the Earth’s Magnetism

Daily Variation

Magnetic Charts
Available Data
Construction of Charts.......... ... ... .. .. .. . :
Interpretation of the Chart
Local Magnetic Disturbance
Natural Disturbance

Using Magnetic Stations in New Surveys
Referring Compass Surveys to the True Meridian
Legislation
Descriptions of Magnetic Stations
Carroll County Stations

Hampstead
Manchester
Sykesville
Taneytown
Westminster C.H

Frederick County Stations
Boundary Monument No. 83
Frederick (Asylum)
Frederick C.H

Frederick S. M
Graceham




xiv CONTENTS
D LT s « TP 265
4 TG R s J S ARSI S IR <. 5 0.0 0 0 0.0 . 265
Compass COTTECHION. . ... ..o vt it vttt e et e et 265
Retracing Old Lines Originally Run by Compass............coooviiiiin., 266
General Principles............coooi i s 266
Secular-Change Table.............oi i 268
Derivation of Secular-Change Tables................. .ot 268
Description of Secular-Change Table. .............. ...t 269
Use of Secular-Change Table. .. ....... .. ... .. i, 270
Bibllography . ... .ot e e 270
Maryland Geological Survey........... ... ... i 270
Coast and Geodetic SUTVeY. .. ... .. . .. . . i e 271
List oF FIGURES

1. Indexmap of Maryland....... ... i 2
2. Physiographic map of Frederick and Carroll Counties and adjacent region............... 4
3. Generalized profile across Appalachian Mountains showing physiographic features........ 8
4. Revised geologic map of eastern part of Carroll County. ............ ..., 14
5. Revised geologic map of southern part of Frederick County....................... Facing 14
6. Sketches showing relation of metadiabase to granite of injection complex................ 25
7. Columnar section of the Paleozoic rocks............oooiviiii i 30
8. Section of Loudoun formation on Pine Knob............ .. ... .. ... oo 32
9. Section of Weverton quartzite on Owens Creek............. ... .. ...t 35
10. Section showing variation in Loudoun formation and Weverton quartzite across the strike.. 39
11. Lower beds of Frederick limestone southeast of Frederick Junction...................... <+
12. Frederick limestone in Ceresville quarry............ ... 45
13. Grove limestone in LeGore QUALTY. .. .........iuiinort ittt 48
14. Grove limestone in Grove QUATTY.. ... ...... ..ttt int it eus 49

15. Map showing geographic relation of limestones in Frederick County to Conestoga lime-
stone in southern Pennsylvania............. ... ..o i 51
16. Geologic map of Sugarloaf Peak. . ... .............oiiiioii i Booge S
17. Cross section through Sugarloaf Peak ... ............ ... ... .. i 74
18. Map showing possible faults branching from Triassic border fault near Thurmont......... 89
19. Diabase sills near Emmitsburg. .. ........outoinirtine it .. 95
20. Section of Catoctin Mountain at Point of Rocks............. ... ... ..o 100

21. Section showing synclines of the upper hard quartzite of the Weverton forming Wolf Rock
and Chimney Rock. .. ... ....o.onoini i 101
22. Section of Weverton quartzite in South Mountain east of Weverton..................... 103
23. Map of Harpers Ferry overthrust near Rohrersville................ Srue S DR o ol o o 106
24, Map of vicinity of Rohrersville by E. Cloos.................oooiiiiiiii e 107
25. Detailed geology near Rohrersville............... ... . 109
26. Section of Weverton quartzite in Elk Ridge at Potomac Riverbluff..................... 110
27. Recumbent folds in Weverton quartzitein gapin Elk Ridge........................... 111
28. Geology of Sugarloaf Peak viewed from road west of Stronghold........................ 121
29. Geologic map of Sugarloaf Range............... ... ..o 122
30. Major structural features of the Piedmont upland. ... ... ... .. ... oo 124
31. Isogonic chart of Carroll and Frederick Counties for 1945.................... ... ... 257

List oF PLATES

1A South Mountain viewed from West...............uiuii ittt 273
1B Catoctin Mountain viewed from west. ......... ... it i 273

O T T RGP R R . e B BE o . - o 274




2B
3A
3B
4A
4B
SA
5B
6A
6B
7A
7B
8A
8B
9A
9B
10A
10B

CONTENTS

Sugarloaf Mountain..

Potomac River and gap in Blue Rldge

Potomac River and gap in South Mountain
Amygdaloidal Catoctin metabasalt

Rhyolite breccia

Rhyolite banded with spherulitic layers

Rhyolite banded with chain spherulites

Schistose Loudoun formations, 13 miles west of Roddy

Upper harder beds of the Loudoun formation, Owens Creek..........................

High Knob, Catoctin Mountain

Weverton quartzite, Wolf Rock

Weverton quartzite, Hamburg fire tower, Catoctin Mountain
Weverton quartzite, White Rocks

Weverton quartzite, Chimney Rock

Weverton quartzite, Chimney Rock

Weverton quartzite, Potomac Gap in South Mountain

Rapids in Potomac River over Weverton quartzite..................................

11A, B, Fossils in Frederick Limestone

11C
12A
12B
13A
13B
14A
14B
15A
15B
16A
168
17A
17B
18A
18B
19A
19B
20A
20B
21A
21B
22A
22B
23A
23B

Longitudinal valley underlain by Wakefield marble
Wakefield marble and Sams Creek metabasalt
Sams Creek metabasalt

Sugarloaf Mountain quartzite

Albite-chlorite schist of Wissahickon formation

New Oxford formation and Ijamsville phyllite

Recumbent fold of Weverton quartzite in Elk Ridge syncline
Weverton quartzite in Elk Ridge syncline

Recumbent fold of Weverton quartzite in Elk Ridge syncline

Cleavage in Harpers phyllite near Harpers Ferry overthrust..........................

Grove limestone quarry
LeGore limestone quarry
Lehigh Portland Cement Company, Union Bndge Plant

Clinchfield Sand and Feldspar Corporation, Soapstone mill, Marriottsville. . . .

Quarry in Weverton quartzite

Reservoir on Fishing Creek, Frederick water supply

Map showing five general soil areas in Carroll and Frederick Counties
Conservation survey of an area in Piedmont upland

Land use capabilities of the area in plate 20B

Aerial view of a portion of the Middletown Valley

Sample of detailed conservation survey map of Triassic upland

Land use capability map of area in plate 22A

Aerial view of a section of the Frederick Valley near Walkersville
Detailed conservation map of a block in the Appalachian Mountain area







GEOGRAPHY OF CARROLL AND FREDERICK
COUNTIES

BY

ANNA J. anp GEORGE W. STOSE

LocAaTioN AND GENERAL DESCRIPTION

Frederick County lies near the center of Maryland and extends across the State
from the Virginia State line on the south to the Pennsylvania State line on the north.
Its western boundary follows the crest of the nearly north-trending South Mountain,
which is the main ridge of the Appalachian Mountains in Maryland and Pennsyl-
vania. The north boundary is the east-trending Mason and Dixon line which sepa-
rates Maryland from Pennsylvania. The south boundary follows the south shore
of Potomac River to a point where the river bends sharply southward. From this
point the south boundary, which separates Frederick County from Montgomery
County, is a straight line running northeastward to Ridgeville. The east boundary
of the county, which separates it from Carroll County, is an irregular north-trending
line along Parrs Ridge. Farther north the county line follows Little Pipe Creek,
Double Pipe Creek, and Monocacy River to the Pennsylvania State line. See Fig. 1.

Frederick, the county seat and largest city in the county, is in the Frederick Valley,
near the center of the county. Its population in 1940 was 15,802. The other in-
corporated towns in the county are Brunswick (population 3856), Emmitsburg (1412),
Thurmont (1307), Middletown (839), Walkersville (731), Woodsboro (416}, Point of
Rocks (370), New Market (360), and Myersville (310). Unincorporated towns are
Urbana, Jefferson, Lewisburg, Libertytown, Johnsville, and Mt. Pleasant. Ridge-
ville and Mt. Airy straddle the Frederick-Carroll County line on Parrs Ridge, and
Blue Ridge Summit is at the north edge of the county in Pennsylvania.

Carroll County lies east of the central and northern part of Frederick County.
Its north boundary is the Mason and Dixon line. Its south boundary follows the
South Branch of Patapsco River, which separates Carroll County from Howard
County, and extends to its junction with the North Branch. The east boundary of
Carroll County, which separates it from Baltimore County, follows the North Branch
of Patapsco River to a fork in the stream, and north of that point, the boundary is a
straight line trending north-northeast to the Maryland-Pennsylvania State line.

The county seat, Westminster, is the largest city in Carroll County and has a
population of 4,692. Other incorporated towns in the county are Taneytown (popu-
lation 1,208), Union Bridge (831), Sykesville (806), Mt. Airy (791), Hampstead
(664), and New Windsor (529).

The Frederick Valley is the most settled part of Frederick and Carroll Counties.
This lowland is largely cultivated, and its deep fertile residual limestone soil makes it
the best farmland in the counties. The flat hilltops and gentle slopes of the Triassic
upland, north of Frederick Valley, have a light sandy soil which is also extensively
cultivated, and this upland is well settled. In the eastern part of Frederick County

1




9 CARROLL AND FREDERICK COUNTIES

and the adjoining part of Carroll County, a narrow belt within the Piedmont upland
is underlain by volcanic rocks and marble and is also a fertile farming country. This
belt passes northeastward through Westminster to the north boundary of Carroll
County. The remaining parts of the Piedmont upland are more rugged and hilly and
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Fig. 1. Index Map of Maryland, showing location of Frederck and Cuarroll Counties.

include the broad tops of Parrs Ridge and Dug Hill Ridge. The upland surface is
in part sparsely settled and cultivated; the deep steep-sided valleys and ravines are
largely wooded. Catoctin and South Mountains have poor thin soil and are wooded,
with patches of cleared fields and pastureland on the flatter summits. The moun-
tains are crossed by few roads and have few habitations. Parts of the Middletown
Valley, between the high ridges, have gentle rolling hills which are occupied by farms,
but the northern part of this valley is much more rugged, is cut by deep steep-
sided valleys, and is largely wooded and sparsely settled.

RarLroaDps AND HIGHWAYS

Frederick and Carroll Counties are crossed by the main line of the Baltimore and
Ohio Railroad to Baltimore which follows the north side of Potomac River to Point
of Rocks. One mile east of that town it leaves the Potomac floodplain, crosses the
Frederick Valley, and ascends northeastward to Ridgeville on Parrs Ridge, where it
tunnels the ridge into Carroll County. FEastward it descends the valley of the South
Branch of Patapsco River and passes out of Carroll County into Baltimore County
at the junction of the South and North Branches of Patapsco River. A short shuttle
branch of the railroad extends from Frederick Junction to its terminus at Frederick.
The Metropolitan Branch of the Baltimore and Ohio Railroad, the main passenger
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route to Washington, follows the north side of Potomac River from Point of Rocks
eastward to the Montgomery County boundary.

The main line of the Western Maryland Railroad enters Frederick County from
Pennsylvania at Blue Ridge Summit on South Mountain. It descends the east slope
of the mountain and passes through Catoctin Mountain in the gorge of Owens Creek.
From Thurmont, at the east foot of Catoctin Mountain, it runs eastward across the
Triassic upland and the Piedmont upland, passing through Union Bridge, New
Windsor, and Westminster, At Westminster it crosses Parrs Ridge at a low divide
and descends the ridge eastward along the West Branch of the North Branch of
Patapsco River. It passes into Baltimore County at the mouth of the West Branch.

The Frederick Branch of the Northern Central Railroad enters Carroll County
from Pennsylvania and passes through Taneytown on the Triassic upland and crosses
the Western Maryland Railroad at Keymar. It enters the Frederick Valley north
of Woodsboro and has its terminus at Frederick. The Frederick Railroad runs
north from Frederick, through Lewistown and Catoctin, to Thurmont, where it joins
the Western Maryland Railroad. An electric trolley line connecting Hagerstown
and Frederick crosses South Mountain at Smoketown Gap and passes through
Myerstown and Middletown. It crosses Catoctin Mountain at the low divide at
Braddock Heights.

Frederick and Carroll Counties are crossed by several through highways and by
many other hard surfaced roads. U. S. Highway 40, the old Pittsburgh-Baltimore
turnpike, crosses the counties from east to west and passes through Ridgeville,
Frederick, Braddock Heights, and Middletown. It crosses South Mountain at
Turners Gap. U. S. Highway 240, from Washington, D. C., to Frederick, passes
through Urbana, close to Sugarloaf Mountain. U. S. Highway 15, from Harrisburg,
Pa., runs southward through Emmitsburg and Frederick, and crosses Potomac River
at Point of Rocks. U. S. Highway 340 extends southwest from Frederick through
Knoxville to Harpers Ferry, W. Va. U. S. Highway 140 (the Reisterstown road)
passes northwestward through Westminster, and leaves Carroll County near Littles-
town, Pa. Many other hard-surfaced state highways radiate outward from Freder-
ick, Westminster, Libertytown, Taneytown, Union Bridge, and other towns in the
counties.

RELIEF

Frederick and Carroll Counties lie within the Appalachian Mountains and in the

western part of the Piedmont. The Appalachian Mountains cross the western part

of Frederick County. The rest of Frederick County and all of Carroll County are
in the Piedmont. See Fig. 2.

APPALACHIAN MOUNTAINS

The Appalachian Mountains in Maryland consist of a mountainous belt 8 to 11
miles wide which trends east of north across the State. It comprises Catoctin Moun-
tain at the east and the Blue Ridge at the west, with South Mountain and rugged
hills and mountainous country between. Figure 2 shows the relations of these moun-
tains and other physiographic features in this part of Maryland to related features in
Pennsylvania and Virginia.
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The Blue Ridge, a high continuous ridge which constitutes the main part of the
Appalachian Mountains in Virginia north of Roanoke, extends only a short distance
into Maryland, and ends west of Lambs Knoll on South Mountain. It lies in Wash-
ington County, where it is locally called Elk Ridge. South Mountain in Maryland
near Potomac River is a narrow single ridge about 1200 feet in altitude. At Lambs
Knoll it widens greatly and attains an altitude of 1772 feet. North of Lambs Knoll
the ridge is again narrow and low as far as Smoketown Gap where it is crossed by
U. S. Highway 40 and the Hagerstown-Frederick electric trolley line. North of
Smoketown Gap the ridge widens to 1} miles and attains an altitude of over 1800 feet.
Farther north, South Mountain becomes a double ridge. The eastern ridge, which
is the drainage divide, is followed by the Frederick-Washington County line. The
western, more rugged ridge (PL. 1A), culminating in Quirauk Mountain, 2145 feet in
altitude, lies in Washington County.

Catoctin Mountain between Potomac River and Braddock Heights (PL. 1B) is a
narrow ridge, not over 1125 feet in altitude, which rises abruptly above the Frederick
Valley. North of Braddock Heights the main ridge of Catoctin Mountain is broad
and flat topped, and has an altitude of about 1800 feet. East of the main ridge,
long eastward-trending high spurs connect with high north-south trending ridges.
Deep rocky stream gorges separate the high spurs. This mountainous belt, which
has a maximum width of over 3 miles, contains some of the most beautiful scenery
in the region. Wild rocky gorges abound along Little Tuscarora, Fishing, Little
Hunting, and Owens Creeks, and prominent bare rock ledges on the tops of inter-
stream ridges, such as Chimney, Wolf, Cat, Black, and White Rocks (Pls. 7-9),
furnish view points of the mountains and lowlands to the east. Toward the north,
near the north edge of Frederick County, Catoctin Mountain bends northeastward
and ends in an abrupt escarpment on the east side of Carrick Knob.

The southern part of the mountainous tract between Catoctin and South Moun-
tains is a rolling upland called the Middletown Valley. Its surface ranges from 500
to 600 feet in altitude, and is trenched to a depth of 200 to 300 feet by Catoctin Creek
and its tributaries. The northern part of this inter-mountain upland is more rugged
and its general surface rises northward to over 1800 feet altitude. Some of the stream
valleys in this part of the upland trench the surface to a depth of over 800 feet.

PIEDMONT

The Piedmont, which lies east of the Appalachian Mountains, is in general an up-
land. The Piedmont is 55 miles wide in Maryland. It extends southwestward
across the central part of the State from the Maryland-Pennsylvania State line to the
Potomac River. It is divided into the Frederick Valley, the Triassic upland, and
the Piedmont upland. - The Triassic upland and the Frederick Valley lie west of the
Piedmont upland, which is underlain by crystalline schists.

The surface of the Piedmont upland has an average altitude of 700 to 800 feet,
and is trenched by many deep narrow stream valleys. This upland culminates west-
ward in a broad gentle ridge which crosses Carroll County in a northeasterly direction
and has summits over 1000 feet in altitude in northern Carroll County. The south-
ern part of this ridge is called Parrs Ridge (Pl. 2A), and the northern part Dug Hill
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Ridge. Northwest of Dug Hill Ridge is another belt of high hills with a general
altitude of 1000 to 1100 feet. Near the south edge of Frederick County a prominent
ridge rises above the upland surface and culminates in a round peak, 1280 feet in
altitude, called Sugarloaf Mountain (P1. 2B). This isolated mountain is a prominent
landmark.

The southwestern part of the Piedmont in Maryland is a lowland, extending from
New Midway to the Potomac River, called the Frederick Valley. It has an altitude
of about 300 feet and its maximum width is about 4 miles. North of Frederick
Valley, low flat-topped hills with a general altitude of about 500 feet, underlain by
Triassic sedimentary rocks, are the Triassic upland. The Triassic upland widens
northward to 12 miles at the Maryland-Pennsylvania State line.

DRrRAINAGE

Most of Frederick and Carroll Counties is drained by the tributaries of Potomac
River. Its main tributary, Monocacy River, flows southward across Frederick
County and empties into the Potomac at the southernmost point of the county.
Eastward-flowing tributaries of the Monocacy head in Catoctin Mountain and flow
across the Triassic upland and Frederick Valley. One of these tributaries, Owens
Creek, heads in the mountains west of Catoctin Mountain, and, west of Roddy, flows
through a deep rocky gorge in that ridge. Toms Creek, which also heads in the
mountains west of Catoctin Mountain, flows around the north end of that mountain
and then southeastward across the Triassic upland to Monocacy River. Westward-
flowing tributaries of the Monocacy head on the west slopes of Dug Hill Ridge and
Parrs Ridge and flow across the Piedmont upland and the Triassic upland to Mo-
nocacy River. The largest of these tributaries are Pipe Creek and its main branch
Little Pipe Creek, Bush Creek, and Bennett Creek.

Catoctin Creek, the only other large tributary of the Potomac in these counties,
drains the Middletown Valley and most of the mountainous tract to the north be-
tween South and Catoctin Mountains. It follows a meandering southerly course
and enters Potomac River west of Catoctin Mountain.

Most of the Piedmont upland east of Dug Hill Ridge and Parrs Ridge is drained
by the North and South Branches of Patapsco River. These streams unite at the
southeast corner of Carroll County and flow southeastward across Baltimore County
into Chesapeake Bay. A small part of the northeast corner of Carroll County is
drained by the headwaters of Gunpowder Falls which flows southeast into Gunpowder
River and Chesapeake Bay.

PHYSIOGRAPHY

The topographic features and land forms in Frederick and Carroll Counties have
been produced by the processes of erosion on a rising land. Since the Triassic period,
this part of the continent has stood above sea level and has been subject to erosion.
The rocks have been slowly worn away by rain, frost, wind, and streams, and the
harder rocks, which have resisted erosion, compose the mountains and hills. During
this time the land has been slowly rising higher and higher above sea level, but this
elevation of the land has not been continuous. There were times during the uplift
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when the land was stable for long periods of time, and during one of these stable
periods the whole land surface was reduced by erosion to a gently rolling plain with
few residual hills.

The tops of the ridges of the Appalachian Mountains in southern Pennsylvania
have an even crest line and some of the summits have broad flat areas. These are
believed to be remnants of an old plateau surface now standing about 2000 feet in
altitude. Flat areas on the top of Catoctin Mountain in the northern part of Fred-
erick County, ranging from 1880 to 1800 feet altitude, and similar flat areas on the
top of South Mountain at about 1800 feet altitude, are believed to represent this old
plateau surface (Fig. 3). In fact, the three ridges of the Appalachian Mountains in
a large part of their extent across Maryland, have an even, nearly level crest line at,
or a little below, 1800 feet altitude, and are believed to be slightly lowered remnants
of this plateau. Evidently this old plateau surface once extended over the whole
region but is preserved only on mountains composed of resistant Lower Cambrian
quartzite, The quartzite beds dip at various angles and have been truncated to form
the plateau surface. This surface is believed, therefore, to have been formed by
prolonged erosion while the land stood stationary at a much lower level for so Jong
a time that even the hard Cambrian quartzites were worn down to a low rolling plain
(Fig. 3). Quirauk Mountain on South Mountain, near the Pennsylvania State line,
which is a rocky peak 2145 feet in altitude, was not completely reduced by erosion
to the plateau level, and other peaks in southern Pennsylvania which attain 2400 feet
altitude, are similar unreduced masses of quartzite. This plateau has been traced
northward across Pennsylvania into New Jersey, where it was named the Schooley
peneplain from Schooley Mountain, because the plateau surface is best preserved
there. The period of stability of the land when this erosion surface was formed began
before Cretaceous time, because Lower Cretaceous sediments were deposited on it in
New Jersey, and continued into early Tertiary time.!

After the land surface was reduced by erosion to a peneplain, it was elevated and
erosion was actively renewed. The streams cut deep channels and eroded the softer
rocks, leaving the areas composed of hard rocks standing in relief. The main streams
flowed eastward across this surface toward the sea, and, when they crossed belts of
harder rock, they were able to cut only narrow gaps in them. Potomac River is
such a major stream in Frederick County. Because its headwaters are far to the
west, it had sufficient power to cut narrow gorges through the Blue Ridge, South
Mountain, and Catoctin Mountain (Pl. 3). Delaware Water Gap in Pennsylvania,
where the Delaware River cuts a narrow gorge through Kittatinny Mountain, was
similarly formed.?

East of the Appalachian Mountains, there are high level tracts on Parrs Ridge,
Dug Hill Ridge, and the hills near Wentz in Carroll County, which range from 1000
to 1100 feet in altitude. In the adjoining part of Pennsylvania similar flat-topped
ridges at this level are more extensive and more numerous. They are remnants of

1 Stose, G. W., Age of the Schooley peneplain. Am. Jour. Sci., 5th ser., vol. 238, pp. 461-476,
1940.

3 Stose, G. W., Text on back of Delaware Water Gap, Pa., topographic map. U.S. Geol. Surv.,
1942.
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an old plateau surface and are believed to represent the Schooley peneplain, although
they are much lower in altitude than the Schooley peneplain on Catoctin Mountain.
In southern Pennsylvania, post-Cretaceous faulting in the Piedmont explains the
difference in altitude between two parts of the Schooley peneplain.? It is probable,
therefore, that recurrent movement on the Triassic border fault in post-Cretaceous
time lowered the Schooley peneplain several hundred feet east of the fault in Carroll
and Frederick Counties (Fig. 3).

In southern Pennsylvania, just north of Blue Ridge Summit, there is a level tract
cut on less-resistant rocks at about 1400 feet altitude, between the higher ridges of
South Mountain, and still farther north on South Mountain are other level tracts
at about 1600 feet altitude underlain by similar less-resistant rocks. This surface
is believed to represent a period of stability of the land after the formation of the
Schooley peneplain, when erosion reduced the less-resistant rocks to a nearly flat
surface. Benches and flat-topped areas on Catoctin Mountain and South Mountain
in Frederick County at 1300-1400 feet altitude may represent this old land surface.
South Mountain just north of Weverton at Potomac River has a level top 1200 feet

in altitude, which Keith regarded as part of this old plateau surface and named it the
Weverton peneplain. It may represent a temporary halt in the uplift of the land
during which part of the land surface was reduced to a partial peneplain.

After the formation of the Schooley peneplain, and possibly the Weverton partial
peneplain, renewed uplift of the land, accompanied by active erosion of the rocks,
continued until late Tertiary time when the land again became stable, and a pro-
longed period of erosion at this level produced a partial peneplain on the softer rocks.
This peneplain is represented by the dissected platcau, now standing at about 600
feet altitude, cut on the pre-Cambrian rocks in Pleasant Valley, between Elk Ridge
and South Mountain, and on similar rocks in the Middletown Valley between South
Mountain and Catoctin Mountain.

The Triassic upland, north of Frederick, was also reduced to this level, but most
of this surface has been further lowered by later erosion of the soft Triassic sedimen-
tary rocks. Chestnut Hill, at the south edge of the Triassic upland, is composed of
Triassic conglomerate which is more resistant than the red shale and sandstone of the
rest of the Triassic, and the plateau surface is still preserved on its top at 600 feet
altitude. Coarse alluvial cones were poured out at this time on this old peneplain
surface at the mouths of stream gorges in the cast slope of Catoctin Mountain. The
altitude of the gravel cap is about 600 feet, but later erosion has strewn the gravel
to lower levels over the slopes below. Similar alluvial cones at the west foot of South
Mountain in Washington County also represent this partial peneplain and have an
altitude of about 600 feet (Fig.3). In the southeastern part of Frederick County
the flat upland around Urbana, at an altitude of 520 to 580 feet, represents this
partial peneplain. Sugarloaf Mountain rises sharply above this plateau level as
an unreduced monadnock on the peneplain surface.

This partial peneplain in the valley of Potomac River forms the upland surface
of much of the land between higher mountain ridges into which the streams have

3 Stose, G. W., Possible post-Cretaceous faulting in the Appalachians. Geol. Soc. Amer. Bull.,
vol. 38, pp. 493-504, 1927.
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since cut their channels, and therefore it has been called the Valley Floor peneplain.
The Valley Floor peneplain rises away from the river and gradually loses its flat
character. In the valley of Susquehanna River in Pennsylvania, a similar Valley
Floor peneplain is developed at approximately the same altitude. This surface has
been named the Harrisburg peneplain from Harrisburg, Pa., and this name is also
applied to the peneplain in Frederick County. These partial peneplains were proba-
bly cut during a halt in the uplift of the land in late Tertiary time.

After the formation of the Harrisburg peneplain, the land was again uplifted and
active erosion was renewed. Several terraces above the flood plain of Potomac
River, which are mostly covered with river gravel, mark stages of temporary halt in
the uplift, probably during glacial stages of the Pleistocene epoch (Pl. 3). The higher
terrace gravels contain scattered large boulders, up to 4 feet in size, which are grooved
and striated by ice action. These higher terraces have not been definitely correlated
with those of early Pleistocene age that have been mapped around Washington on the
lower Potomac, but probably represent the Sunderland and Bryn Mawr gravel
terraces of that area.




GEOLOGY OF CARROLL AND FREDERICK
COUNTIES

BY

ANNA ]J. AxD GEORGE W. STOSE

PREVIOUS WORK

George Huntington Williams began a survey of Carroll and Frederick Counties
and neighboring areas for the Federal Geological Survey in 1888. He used as a base
the old Frederick, Harpers Ferry, and other quadrangle maps on a scale of 2 miles
to the inch. In 1891 Williams published a preliminary paper' on the Piedmont
Plateau of Maryland. In 1892 he described? the volcanic rocks of South Mountain
and proved that they are not of sedimentary origin as had been previously believed
by other geologists. A preliminary geological map of Maryland, published in 1893,
was edited by Williams. At the time of his death in 1894, he was working on the
Frederick quadrangle and the area to the southeast in Maryland, including the
vicinity of Washington. Keith was assigned by the Federal Survey to complete the
area preliminarily mapped by Williams. In Keith’s first publication® on the region
he stated that the quartzites near Harpers Ferry were of Silurian age. Walcott,! in
studying these quartzites, found that they contained Lower Cambrian fossils. Keith
later described® the rocks of the Blue Ridge province in Maryland in his report on the
Catoctin Belt, which includes a small scale geologic map and structure sections of the
area.

The geology of the southwestern part of Frederick County was mapped and de-
scribed by Keith in the Harpers Ferry folio.! Mathews’ published the results of
work in the Piedmont area, including the eastern part of I'rederick County and Car-
roll County, in two papers. Mathews and Grasty® described the marbles of the

! Williams, G. H., The petrography and structure of the Piedmont Plateau of Maryland. Geol.
Soc. Amer. Bull,, vol. 2, pp. 301-317, 1891,

2 Williams, G. H., Voleanie roeks of South Mountain in Pennsylvania and Maryland. Am. Jour.
Sci., 2 scr., vol. 44, pp. 482-496, 1892; vol. 46, pp. 50-57, 1893. The distribution of volcanic rocks.
Jour. Geol., vol. 2, pp. 1-31, 1894.

3 Keith, Arthur, and Geiger, H. R., The structure of the Blue Ridge near Harpers Ferry. Geol.
Soc. Amer. Bull., vol. 2, pp. 155-164, 1891.
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Piedmont area, and the limestones of the Frederick Valley they called the Shenandoah
limestone. The operating quarries also were described. In this report Mathews
gives a general discussion of the geology of the western Piedmont of Maryland.

In an earlier report by Keyes,® the Shenandoah limestone of the Frederick Valley
was separated into Beekmantown and Frederick limestones. Bassler'® followed this
division of the limestones. In a report on granites of Maryland by Keyes and Wil-
liams," published after the death of Williams, the general relation of the Sykesville
granite is discussed. Recent publications covering part of Frederick and Carroll
Counties include an article by Cloos,!? in which the structure of the rocks is dis-
cussed.

WORK BY THE WRITERS

The survey of Carroll and Frederick Counties was carried on in parts of the years
1924 to 1936 by Anna Jonas Stose for the Maryland Geological Survey, and in 1929
to 1936 by George W. Stose of the U. S. Geological Survey. A brief paper by Jonas®
dealt with the crystalline rocks. In 1936 the writers!* published a revision of the
classification of the limestones of the Frederick Valley. In 1939 steep-fold axes in
the crystalline schists of Carroll and Frederick Counties were described by Jonas.'®
The age relation of the two series of pre-Cambrian rocksin the Catoctin Mountain-
Blue Ridge anticlinorium in Maryland and Virginia and in the Mount Rogers
anticlinorium in Virginia was discussed later by the writers.’

GENERAL GEOLOGY

The oldest rocks in Frederick County occur in the Middletown Valley in the core
of the Middletown anticline. These rocks are a complex of altered hornblende diorite,
granodiorite, and biotite granite gneiss. These early pre-Cambrian rocks are over-
lain by a series of volcanic rocks of late pre-Cambrian age, comprising tuffaceous
and detrital sedimentary beds overlain by rhyolite and basalt flows. Lower Cam-
brian arenaceous sedimentary rocks, which form Catoctin and South Mountains,
overlie the volcanic series. These Lower Cambrian rocks are the Loudoun forma-

9 Keyes, C. R., Ordovician rocks of Maryland. Johns Hopkins Univ. Circ., 1890.

19 Bassler, R. S., The Cambrian and Ordovician deposits of Maryland. Md. Geol. Survey, pp.
111-117, 1919.

1 Keyes, C. R., Origin and relation of the central Maryland granites; Williams, G. H., General
relations of the granitic rocks in the Middle Atlantic Piedmont Plateau. U. S. Geol. Surv., 15th
Ann. Rept., pp. 657737, 1895.

12 Cloos, Ernst, Crustal shortening and axial divergence in the Appalachians of eastern Pennsyl-
vania and Maryland. Geol. Soc. Amer. Bull., vol. 51, pp. 862-869, 1940.

13 Jonas, Anna I., Pre-Cambrian rocks of the Western Piedmont of Maryland. Geol. Soc. Amer.
Bull., vol. 35, pp. 355-364, 1924.

4 Jonas, A. I, and Stose, George W., Age reclassification of the Frederick Valley (Maryland)
limestones. Geol. Soc. Amer. Bull., vol. 47, pp. 1657-1674, 7 figs., 1936.

15 Jonas, A. L., Tectonic studies in the crystalline schists of southeastern Pennsylvania and Mary-
land. Amer. Jour. Sci., vol. 34, pp. 364-388, 1937.

18 Jonas, Anna 1. and Stose, George W., Age relation of the pre-Cambrian rocks in the Catoctin
Mountain-Blue Ridge and Mount Rogers anticlinoria in Virginia. ~Amer. Jour. Sci., vol. 237, pp.
575-593, 1939,
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tion, Weverton quartzite, Harpers phyllite, and Antietam quartzite. In Catoctin
Mountain the sequence of these Lower Cambrian rocks is, however, broken by a
normal fault. The Antietam quartzite occurs only east of the fault, where it is
overlain by Tomstown dolomite. Frederick Valley is underlain by limestones of
Upper Cambrian and Lower Ordovician age, with the underlying Antietam
quartzite exposed in anticlines.

Rocks of the Martic overthrust block lie east of the Frederick Valley. The oldest
rock in this block is the Baltimore gneiss, exposed in the southeast corner of Carroll
County, at the west end of the Woodstock anticline. The gneiss is a banded rock of
granitic aspect which contains thin layers of hornblende gneiss, and is of early pre-
Cambrian age. The Baltimore gneiss is overlain by the Setters formation, followed
by the Cockeysville marble, Wissahickon schist, and Peters Creek formation. The
Peters Creek formation is enclosed in the Peach Bottom syncline, which crosses the
southeastern part of Carroll County. The Wissahickon and Peters Creek formations
are intruded by hornblende gabbro and the Sykesville granite. North of Marriotts-
ville the Cockeysville marble and Wissahickon formation are intruded by granitic
pegmatite. West of the Peach Bottom syncline the albite-chlorite schist facies of the
Wissahickon formation occupies a wide area. A series of volcanic rocks and marble,
which extend to the western edge of the Martic overthrust block, lies west of the
albite-chlorite schist. Quartzose rocks, which overlie the volcanic series, form Sugar-
loaf Mountain in the southern part of Frederick County and high hills near Wentz
in the northern part of Carroll County.

Triassic conglomerates, red sandstones, and red shales cover the northeastern and
central parts of Frederick County and the northwestern part of Carroll County, and
unconformably overlie the rocks of the Martic overthrust block and the Paleozoic
rocks of the Frederick Valley. This unconformity is exposed along the southeastern
edge of the Triassic rocks. Their northwestern boundary is for the most part a nor-
mal fault, which has uplifted older rocks to the west.

The County Geological Maps

The Carroll County geologic map was published by the Maryland Geological
Survey in 1928 and the Frederick County map in 1938. The Carroll County map
was printed before the writers had completed their work in Frederick County and
before they had mapped the adjacent area in Pennsylvania to the northeast and in
Virginia to the southwest. The terminology and correlation on this map were tenta-
tive and do not conform with that shown on the Frederick County map nor with
that of the map! of the adjacent York County, Pa., published in 1939. The re-
vised terminology and mapping for the western part of Carroll County is included
on the map of Frederick County.

The revised mapping of the geology of Carroll County east of the part printed on
the Frederick County map is shown in figure 4. The description of the geology in

17 Stose, Geo. W., and Jonas, Anna I., Geology and Mineral Resources of York County, Pennsyl-
vania. Pa. Geol. Surv. Bull. C.67, 1939.

Stose, Anna J. and George W., Geology of the Hanover-York District, Pennsylvania. U. S. Geol.
Surv. Prof. Paper 204, 1944.
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this report conforms to the mapping shown on the Frederick County map and in
figure 4. Furthermore, the mapping of the Cambrian quartzose formations in the
southern part of South Mountain on the west edge of Frederick County and in the
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pattern) at top; mb, Sams Creek metabasalt; wm, (ruled pattern) Wakefield marble.

adjacent part of Washington County printed on the Frederick County map has been
somewhat revised by later field work, and the corrected mapping of South Mountain
in Frederick County is shown in figure 5.
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The rocks in Frederick and Carroll Counties will be described under the following
major headings: Pre-Cambrian rocks in the Blue Ridge-Catoctin Mountain anti-
clinorium, Paleozoic sedimentary rocks, crystalline rocks of the Piedmont upland,
Triassic system.

PrRE-CAMBRIAN Rocks oF THE BLUE RIDGE-CATOCTIN MOUNTAIN ANTICLINORIUM

GENERAL DESCRIPTION AND LOCATION

Pre-Cambrian rocks, mostly of igneous origin, cross Frederick County in a belt
5 to 8 miles wide extending from the Pennsylvania State line on the north to the
Potomac River at the south. In the northern part of the county, the pre-Cambrian
rocks extend about 1 mile into Washington County. At the Potomac River they
extend from Point of Rocks to a point 1 mile west of Knoxville. These pre-Cambrian
rocks are bounded on the east and west by ridges formed of the overlying Lower
Cambrian quartzites—Catoctin Mountain on the east and South Mountain on the
west. In the northern part of Frederick County the pre-Cambrian rocks form moun-
tains which are higher than the southern parts of the bounding ridges of Cambrian
quartzites.

These pre-Cambrian rocks unconformably underlie the basal Cambrian Loudoun
formation. They have been brought to the surface in anticlines of the Blue Ridge-
Catoctin Mountain uplift. The Middletown anticline lies in Frederick County and
the Rohrersville anticline, which is west of South Mountain, lies in Washington
County. The pre-Cambrian rocks comprise two series. The older series consists
of intrusive rocks of early pre-Cambrian age, which are exposed in the Middletown
anticline south of Middletown. The younger pre-Cambrian rocks are a series of
volcanic rocks that overlie the intrusive rocks. They form narrow belts on the sides
of the anticline south of Middletown and entirely cover the older rocks north of
Middletown where the anticline does not rise so high. Tuffaceous and sedimentary
rocks are at the base of the volcanic series (Fig. 5). The two series of pre-Cambrian
rocks are exposed also in the Rohrersville anticline in Washington County.

EARLY PRE-CAMBRIAN ROCKS
General Description

The rocks of early pre-Cambrian age are granitic gneisses which underlie an upland
area in the Middletown Valley that extends southward from Middletown to Potomac
River, a distance of 10 miles. The belt is 54 miles wide at the river. The upland
is dissected by Catoctin and Little Catoctin Creeks, which empty into Potomac
River. Most of the outcrops in this area are along the creeks and in road cuts near
these streams. Outcrops are few on the upland where the rocks are deeply weath-
ered. The granitic gneisses are cut by numerous dikes of green metadiabase, which
is genetically related to the metabasalt of the late pre-Cambrian volcanic series.
The dike rocks weather to hard rounded boulders which strew the upland surface,
whereas the granitic rocks generally break down into soil. Because of the lack of
outcrops, the metadiabase dikes have not been mapped separately from the granitic
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gneisses. The writers'® have described briefly the intrusive rocks of the Middletown
and Pleasant Valleys and their southward extension in Virginia, where they form the
core of the Blue Ridge-Catoctin Mountain anticlinorium, and referred to them as the
injection complex. This term will, therefore, be used for these intrusive rocks in this
report.

On the Frederick County geologic map the injection complex is mapped as mica
schist and hornblende diorite, intruded by granite and granodiorite. Granodiorite,
the more widespread type of rock in Maryland, is a fine-grained light-gray to pale-
green gneissic rock, in places interlayered with dark hornblende diorite. Biotite
granite gneiss and augen gneiss with mica schist layers crop out in places along
Catoctin Creek on the east side of the belt.

Granodiorite

The granodiorite contains white and dull-green feldspar, green hornblende, and
chlorite. In places it is mottled by dark aggregates of fine hornblende, biotite, and
chlorite. It is veined by quartz, epidote, and sericite. In thin section the grano-
diorite is seen to contain phenocrysts of microcline, partly replaced by albite, and
perthite with sericitized rods. Plagioclase, of the composition of calcic oligoclase,
is saussuritized and in places is surrounded by a border of clear albite. Quartz of the
groundmass is strained. The dark constituents comprise fine blades of hornblende,
biotite, chlorite, and epidote. They are probably secondary to original pyroxene.
Accessory minerals are zircon, magnetite, and ilmenite. In some specimens fine
hematite dust clouds the potash feldspars, and in hand specimens such feldspars
are pale pink. Large potash feldspars in the granodiorite contain inclusions of quartz
and sericitized feldspars, hence they are not phenocrysts which crystallized before
the constituents of the ground mass. The rest of the rock has the composition of a
diorite in which the original pyroxene has altered to hornblende and epidote. The
potash feldspars may have been formed by the introduction of granitic solutions
which replaced the plagioclase with concomitant development of myrmekite and
formed clear rims around the plagioclase. Biotite was developed from pyroxene or
hornblende by hydrothermal action of the potash-bearing solutions.

Biotite Granite Gneiss

In the southeastern part of the Middletown Valley, biotite granite gneiss is the
prevailing type of intrusive rock, and it is well exposed along Catoctin Creek 3 miles
northeast of Brunswick. It is a dark biotitic granite gneiss with included biotite
schist bands. The gneiss is composed of layers of fine crinkled blades of black biotite
mottled by irregular patches of white and pale-green feldspar and blue quartz. In
outcrops near Catoctin Creek on U. S. Highway 340, the granite gneiss shows a strong
secondary layering made up of shiny biotite and muscovite blades which bend around
lenses of feldspar and blue quartz.

In thin section the constituents of the biotite granite gneiss are microperthite,
saussuritized plagioclase with clear-growth borders of albite, myrmekite, and strained

18 Jonas, Anna I, and Stose, G, W., op. cit. Am. Jour. Sci., vol. 237, pp. 5§75-593, figs. 1 and 2,
1939.
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quartz. The biotite blades are dark green and finely crinkled, and do not lie parallel
to any parting plane but are in aggregates with grains of epidote, zoisite, and apatite.
Ilmenite is altered to leucoxene. The muscovite-biotite gneiss exposed near Catoctin
Creek on U. S. Highway 340 shows green biotite and muscovite and pale-green chlor-
ite, which form the schistose planes and bend around lenses composed of perthite,
altered plagioclase, and myrmekite. The plagioclase has clear borders of albite.
The perthite includes quartz grains. Quartz grains occur in large patches and the
quartz is strained. Garnets, where present, are much broken, and green biotite has
grown in the cracks. The muscovite-biotite gneiss differs from the biotite granite
gneiss in that it is more sheared; muscovite has replaced biotite and the platy minerals
are smeared out on the parting planes; the feldspars are granulated on their borders
and garnets are cracked. The muscovite-biotite gneiss is a part of the biotite granite
gneiss which has been rendered schistose by late Paleozoic deformation, for its schist-
ose planes conform to those in the Paleozoic rocks of the region.

Relative Age of Granodiorite and Biotite Granite Gneiss

In Frederick County the injection complex crops out in a small area and contains
a secondary schistosity which obscures the primary structures. The age relations
of the rock types of the injection complex, therefore, cannot be determined there.
Similar rocks, stratigraphically continuous with those of the Middletown anticline,
form the core of the Blue Ridge uplift in Virginia, where they cover wide areas and
are better exposed. In northern Virginia the writers have established the general
sequence of the formations of the injection complex, and have mapped them in detail
in southern Virginia where they are exposed in the Elk Creek anticline!® of Grayson
County.

The Elk Creek anticline is in the Blue Ridge Plateau of southwestern Virginia, a
region of high mountains and fresh rock exposures. The oldest rock of the injection
complex is a highly metamorphosed biotite gneiss with layers of biotite schist and
quartzite—the Saddle gneiss. It is intruded by diorite, which, in most of its extent,
is altered to hornblende diorite—the Cattron diorite. Both the Saddle gneiss and
Cattron diorite have been injected, intruded, and replaced by a series of granitic in-
trusions; earlier intrusions are seen to be cut by those of later age. The earliest of
these intrusions is a white aplitic granite which injected the biotite gneiss to form a
highly contorted ribbon gneiss, or replaced it to form a biotite augen gneiss. The
white aplite intruded the diorite as a fracture pegmatite in a complicated network.
Biotite-quartz monzonite—the Point Lookout granite of the Elk Creek anticline
and Lovingston granite gneiss of northern Virginia—intruded the complex as large
concordant bodies. Pink pegmatitic granite of still later age—the Carsonville
granite of the Elk Creek anticline—injected and replaced the older rocks just de-
scribed. In places pink pegmatite cuts across Cattron diorite that contains intru-
sions of white aplite and also cuts the Point Lookout granite. The pink granite
replaces Saddle gneiss to form a biotite gneiss with pink microcline metacrysts. By
metasomatic replacement, the diorite has become a hypersthene granodiorite with

19 Jonas, Anna I., and Stose, George W., Geology and Mineral Resources of the Gossan Lead and
adjacent area in Virginia. Va. Geol. Surv. (in course of publication).
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microcline metacrysts which contain inclusions of andesine, hypersthene, and other
primary minerals of the diorite. In the Elk Creek anticline, this mixed rock is the
Grayson augen granite gneiss. The pink pegmatite also has replaced the diorite,
so that there are all gradations from diorite to pink granite with scanty hornblende
crystals. o

The biotite granite gneiss in Frederick County has the composition of a quartz
monzonite and resembles the Lovingston granite gneiss which is widely distributed
to the southwestward in the eastern part of the Blue Ridge-Catoctin Mountain up-
lift in Virginia. The biotite granite gneiss contains included bands of biotite schist
which appear to represent the Saddle gneiss, the oldest rock of the injection complex
in Virginia.

The granodiorite of the Middletown anticline, as was stated above, is regarded
as a diorite which has been replaced by potash-bearing and soda-bearing solutions.
Although the granodiorite contains no original pyroxene, it appears to be a facies of
the hypersthene granodiorite of the Virginia Blue Ridge area. The diorite, which
was later replaced to form the granodiorite, probably is the Cattron diorite, and
hence is younger than the biotite gneiss which was invaded by granite and now is
exposed in the southeastern part of the Middletown anticline.

LATE PRE-CAMBRIAN VOLCANIC SERIES
General Description

The late pre-Cambrian volcanic series comprises Catoctin metabasalt, aporhyolite,
and rhyolitic tuff with sericitic quartzite at the base. These rocks overlie the in-
jection complex on both sides of the Middletown Valley and pass around the north
end of the uplift and extend northward to the Maryland-Pennsylvania State line.
On the east side, the volcanic rocks are overlain by the Loudoun formation and
Weverton quartzite of Catoctin Mountain, and on the west side by the same forma-
tions in South Mountain. The volcanic rocks are folded and are schistose in places
but the volcanic textures have not been entirely destroyed.

Swift Run Tuff

At the base of the Catoctin metabasalt is a series of detrital quartzite and tuffaceous
slate which lies directly on the older injection complex (Fig. 5). This sedimentary
and volcanic formation is named the Swift Run tuff from outcrops exposed on U. S.
Highway 33 just east of Swift Run Gap, Va., and on the Skyline Drive just north
of the gap.”

In Frederick County the Swift Run tuff forms a discontinuous line of low hills
from a point 3 miles southwest of Burkittsville northeastward to Everhart School
and eastward nearly to Middletown. South of Middletown it extends to Jefferson,
where it is cut off by a fault. The beds comprise blue and green bleby tuff, sericite
schist, and a sericitic quartzite with glassy and blue quartz grains. The grains are
subangular and are up to 1 inch in size, and are detrital. The sericitic quartzite in

20 Jonas, Anna 1., Stose, G. W., op. cit. Amer. Jour. Sci., 5th Ser., vol. 237, pp. 575-593. PL 1,
figs. 1-2, 1939.
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the areas south of Burkittsville, west of Middletown, and east and north of Jefferson,
now included in the Swift Run tuff, was shown on the Frederick County geologic
map as Loudoun formation. At these places the rock lies at the contact of the Ca-
toctin metabasalt with the injection complex, and formerly was believed to be infolds
of overlying Loudoun formation. On the Harpers Ferry geologic map Keith®
mapped four areas of sericitic quartzite in the Middletown uplift, which are also
shown on the Frederick County map, and he called them Loudoun formation. How-
ever, Keith recognized a difference between the Loudoun that he mapped within the
granite and basalt areas and the type of Loudoun associated with the Weverton
quartzite, and states that this difference “raises the question of the unity of the
formation.”

An area of rhyolitic tuff east of Compton Gap and three areas in the vicinity of
Middletown, which also lie at the contact of the metabasalt with the injection complex
and are now included in the Swift Run tuff, were mapped as rhyolite tuff on the
Frederick County map. North of Bolivar, volcanic slate of the Swift Run tuff is
apparently brought to the surface in an anticline. Other lenticular bodies of tuffa-
ceous slate in the Catoctin metabasalt farther north may be tuffaceous beds within
the metabasalt.

Since the publication of the Frederick County map, the writers have done addi-
tional work in Maryland, in Clarke and Loudoun Counties, Virginia, and farther
south in the Blue Ridge-Catoctin Mountain uplift, and have found that sedimentary
and tuffaceous beds persistently lie at the contact of the injection complex with the
Catoctin metabasalt, and have concluded that they are the basal part of the late pre-
Cambrian volcanic series which rests on the older injection complex and are not
lenticular infolds of Loudoun formation (Fig. 5).

Marble—Marble crops out for a distance of one mile north of Potomac River in
the valley of a small stream just east of Catoctin Station on the Baltimore and Ohio
Railroad. The marble is medium grained, crystalline, and white, and includes layers
of muscovite-chlorite schist. It strikes N.10° E. and dips 30° SE. under the Ca-
toctin metabasalt. Schistose granodiorite crops out in the railroad cut west of the
marble, suggesting a fault between the marble and the granodiorite. This is in
strike with a fault shown on the Frederick County geologic map on the west side of
lenticular areas of sericitic quartzite of the Swift Run tuff south and east of Jefferson.

The marble extends southwestward into Virginia, where it is exposed at intervals
along this strike on the west border of the Catoctin metabasalt for a distance of 40
miles. The marble is well exposed at Taylorsville, Va., 33 miles southwest of Freder-
ick County, and farther southwest near Goose Creek, 3 miles west of Oatlands, where
it has been quarried. At Taylorsville the marble underlies the Catoctin metabasalt
and lies east of granitic rocks of the injection complex. At Goose Creek the marble
1s interbedded or infolded with the Catoctin metabasalt. In the quarry on Goose
Creek, quartzite dips 30° E. under the marble, and overlies the injection complex.
The quartzite is exposed for a mile along its strike and thickens southwestward.
The lower beds consist of coarse arkose and conglomerate made up of fragments of

2t Keith, Arthur, op. cit., Harpers Ferry folio, U. S. Geol. Surv., 1894.
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the injection complex and grains of blue quartz characteristic of the injection complex
of that area. In Virginia and Maryland Keith”? mapped the marble and associated
quartzite as Loudoun formation. It is the writers’ opinion that the marble is part
of the Swift Run tuff and lies just above basal quartzose beds.

Catoctin Metabasalt

Distribution.—The Catoctin metabasalt in Frederick County is exposed in the
mountainous area between South and Catoctin Mountains. In the northern half
of the county it forms a belt 5 to 6 miles wide in which are included several infolded
belts up to a mile in width of aporhyolite. South of U. S. Highway 40, the meta-
basalt is largely restricted to two narrow belts adjacent respectively to South and
Catoctin Mountains, which border the early pre-Cambrian injection complex. The
Catoctin metabasalt forms rough country with craggy outcrops along the summits
of the ridges and in narrow valleys which are largely wooded. It is deeply weathered
on the upland surface, where it makes good farm land.

Character —The Catoctin metabasalt includes massive green lava flows, which are
amygdular and have flow banding, hornblende schist, and tuffaceous beds. The
latter are separately mapped as rhyolite tuff. Two miles northeast of Wolfville a
blue andesite, which is separately mapped, is regarded as part of the Catoctin flows.

The metabasalt is a dense, hard, green rock composed of hornblende, epidote, and
feldspar laths, which are usually of microscopic size. No glass is now present in the
basalt, and most of the original minerals have been replaced. Pyroxene is largely
replaced by hornblende, epidote, or chlorite; calcic feldspar by epidote, zoisite, and a
more sodic feldspar. Ilmenite is altered to leucoxene. The basaltic structure is fre-
quently preserved, and under the microscope the ophitic network of feldspar laths
and, in some cases, the form of interstitial pyroxene, are still visible. Much of the
basalt is amygdular (Pl. 4A), and the vesicles are filled by secondary minerals, of
which quartz, epidote, and chlorite are the most abundant, and calcite, jasper, and
pink feldspar are of common occurrence. Green chlorite may surround a center
made up of white quartz and green epidote; white quartz, or pink feldspar, may sur-
round radiating clusters of bright-green epidote. Piedmontite, the red manganese-
bearing epidote, occurs in amygdules 2 miles east of Wolfville. The amygdular
rock, when polished, makes a striking appearance because of the pleasing contrast
of bright colors of the minerals filling the vesicles with the somber dark green of the
groundmass. The amygdules are spherical, or are elongated by the flow of the lava
or by metamorphism. Quartz and epidote have replaced the basalt in large part,
and this resultant hard epidotite rock, by differential weathering, stands out as rough
knots on the basalt surface, and residual blocks of it strew the ground. Where the
minerals in the vesicles have been removed by weathering, the basalt is full of rust-
stained holes. Quartz and epidote vein the basalt in many places. Flow banding is
commonly visible in the massive basalt, but in the softer layers southeast-dipping
schistosity is prominent and has destroyed the primary structures. Flow breccia,
exposed east of Monument Knob, is composed of blocks of flow-banded basalt,

22 Keith, A., op. cit. Catoctin Belt, U. S. Geol. Surv., 14th Ann. Rept., 1895.
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veined with red jasper, enclosed in a ferruginous basaltic matrix containing red jasper
and epidote.

Some of the basalt is softer dark-green amphibolite schist which is less resistant
to erosion than the vesicular basalt. Some of the amphibolite schist contains flat-
tened blebs or shiny green streaks of chlorite, indicating derivation from a vesicular
lava or tuff that has been deformed by later pressure. Thin veins of asbestos with
associated malachite and azurite occur in the metabasalt north of Sensenbaugh
School.

Blue amygdular metaandesite forms a narrow belt 6 miles long west of a body of
aporhyolite and east of the Loudoun formation of South Mountain, The southern
end of the andesite is crossed by a road 13 miles west of Wolfville. The rock is fine
grained, dense, and dark blue, and contains amygdules which range in diameter from
1ofaninch to 1} inches. In thin section the rock is composed of fine grains of quartz,
saussuritized plagioclase laths, epidote grains, and pale-green actinolite fibers. It
has an ophitic texture and is dusted with fine magnetite, the presence of which gives
the rock its bluish color. The vesicles have an outer border of pale-green chlorite
and epidote, which radiate from the walls. Feldspar and quartz fill the centers of
the vesicles. Some are entirely filled with green epidote. West of Sensenbaugh
School the large amygdules contain, in addition, the red epidote, piedmontite. Some
amygdules contain also the rare reddish-brown mineral, homilite, a lime-iron silicate
containing boron.

Analyses of Metabasalt from South Mountain, Pa.

A.—Epidote rock, 2} mile south of Mt. Alto Furnace. Analyst, F. A. Genth. P. Frazer, Pa.
Geol. Surv. CCC, p. 264, 1877.

B.—Catoctin schist. Bechtel Copper Shaft, South Mountain, Pa. Analysis by C. H. Hender-
son, Idem.p. 307, quoted from Williams, G. H., Trans. Am.Inst. Min. Eng., vol. XII, p. 82.
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At Church Hill,  mile west of Ellerton, dense blue felsitic rock occurs as a dike
in the Catoctin metabasalt. The dike is about 50 feet wide with vertical walls,
and has epidote on the joints. St. Johns Lutheran Church, at Church Hill, is built
of this rock. In thin section it is made up of feldspar laths, fine grains of quartz,
epidote, and ilmenite, and is dusted with iron oxide. Its composition seems to relate
it genetically to the andesite, although it is shown on the county map as rhyolite tuff.
Since the dike cuts the metabasalt, the andesite may be a late stage of basaltic flow,
younger than the main body of the Catoctin metabasalt.

No analyses of the Catoctin metabasalt in Frederick County are available, but
analyses of the same rock from South Mountain in the adjacent part of Pennsylvania
are given in the table shown on page 21.

Tuffaceous beds, mapped as rhyolite tuff on the Frederick County map, occur
throughout the area of Catoctin metabasalt from the vicinity of Middletown north-
ward to near Myersville. The tuff comprises blue and green slate spotted with
flattened blebs, blue and buff sericitic slate, sericitic quartz schist, and soft olive-
green sericitic slate. These tuffaceous beds are well exposed on the Myersville-Har-
mony-Tyler School highway. For a distance of 4 miles at and west of Tyler School,
the tuff beds appear to be interbedded with the metabasalt, but they may be infolded
in that lava. The beds strike north or north-northwest. Minor folds are overturned
to the southwest and pitch 20°-45° SE.

A porhyolite and Associated Pyroclastic Sediments

Distribution.—In the northern part of the Middletown anticline, aporhyolite crops
out in two north-trending belts. The eastern body is nearly 2 miles wide, from the
vicinity of Middlepoint northward to beyond Foxville. It ends northeastward in
two narrow tapering bands, the longest of which extends 13 miles northeast of Sabil-
lasville. South of this main body an outlying mass of aporhyolite occurs at Miller
Hill. The western body begins just southeast of Pine Knob and extends north along
the east foot of South Mountain. At Sensenbaugh School this body of aporhyolite
branches int6 two narrow bands which pass northward into Washington County.
The eastern of these two bands enters Frederick County again to the north and nearly
reaches the Maryland-Pennsylvania State line. A small outlying area of aporhyolite
lies east of the northeast end of Catoctin Mountain, west of the Triassic border fault
and south of Turkey Creek. The aporhyolite bodies are entirely surrounded by
Catoctin metabasalt except in the area near Pine Knob where it is overlain on the
west side by the Loudoun formation on the east flank of South Mountain.

Character.—The aporhyolite in large part is a dense, gray to blue cryptocrystalline
rock with phenocrysts of white feldspar and glassy quartz. Pink porphyritic rhyo-
lite occurs in the western belt and has been separately mapped. Flow breccia and
pyroclastic sediments occur at the contact of the rhyolite with metabasalt near
Middlepoint and south of Pine Knob. :

The dense gray-blue aporhyolite is a hard brittle rock which breaks with a con-
choidal fracture. It weathers to light-gray angular slabs which are in common use
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for stone fences and foundation stones. Flow banding and other characteristic vol-
canic structures are brought out on weathered surfaces (Pl. 5). The original con-
stituents and textures of the lava show that they belong to the rhyolite family, but
they are called aporhyolite because of their alteration and devitrification. The
original glassy base of the lava has been altered to a groundmass with granular or
micropoikilitic fabric. The aporhyolite shows textures found in younger lavas, such
as flow banding, flow breccia, and spherulitic texture.

In thin section, the grayish-blue aporhyolite has a micropoikilitic fabric, with
phenocrysts of potash feldspar and quartz in a cryptocrystalline groundmass of
quartz and feldspar with black iron oxide dust. The phenocrysts are orthoclase and
perthite, largely with crystal outline. The rock is cut by veins of sericite and epidote.
In places the aporhyolite has minute spherulites developed in roughly parallel planes,
in cross section giving the appearance of beads on a chain (Pl. 5B).

Rhyolite flow breccia has been observed at the contact of the rhyolite with the
metabasalt at the south border of the eastern belt of rhyolite near Middlepoint and
in small outlying areas west of Five Forks and at Miller Hill. 1In places tuff breccia
and white sericitic tuffaceous slate are associated with the flow breccia. The flow
breccia is made up of angular fragments of dense blue rhyolite in a felsitic matrix,
with a marked flow banding. The fragments range in size from microscopic dimen-
sions to several inches in diameter, and weather to a lighter color than the matrix
(Pl. 4B). The breccias were formed by the breaking up of solidified cooled portions
of the magma during movement of the viscous mass.

Red porphyritic aporhyolite occurs in two areas in the western belt of aporhyolite.
The northern area is near Sensenbaugh School and the southern area is south and
north of Wolfville Crossing. The red aporhyolite is at the contact of the aporhyolite
with the metabasalt, and in the southern area it is associated with rhyolite tuff.
The red aporhyolite has a dense red groundmass with phenocrysts of pink feldspar
and glassy quartz. Hematite and piedmontite grains are visible to the naked eye in
hand specimens. In thin section the body of the rock shows a finely granular quartz
and feldspar mosaic dusted with hematite. The feldspar phenocrysts are sericitized
perthite. Spherulites are replaced by potash feldspar, which has centers of hematite
and piedmontite. The red color is due to the presence of hematite dust and grains
of piedmontite. In Pennsylvania® piedmontite occurs macroscopically in the apo-
rhyolite. It is especially abundant near Monterey, Pa., and in Buchanan Valley,
where Williams attributed the red color of the aporhyolite to the presence of the
manganese epidote, piedmontite. It occurs there as specks disseminated through
the rock, in fine radiating needles filling vesicular cavities, and in veins and crack
fillings.*

No analyses of aporhyolite from Frederick County are available, but two analyses
of similar rock from Monterey and Blue Ridge Summit, in the adjacent part of
Pennsylvania, are given in the following table.

23 Williams, G. H., loc. cit. Amer. Jour. Sci., vol. 44, p. 495, 1892, and vol. 46, pp. 50-57, 1893.
2 Stose, G. W., Fairfield-Gettysburg folio, U. S. Geol. Surv. Geologic Atlas No. 225, pp. 4-5,
1929.
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Analyses of Aporhyolite from South Mountain, Pa.
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A.—Aporhyolite, Monterey, Franklin County, Pa. Analyst, H. N. Stokes, U. S. Geol. Surv.
Bull. 150, p. 348, 1898. .

B.—Quartz porphyry, same locality. Analyst, L. G. Eakins, U. S. Geol. Surv. Bull. 148, p. 81,
1897.

Pyroclastic Sedimenis.—The aporhyolite has associated with it pyroclastic sedi-
ments, which are best displayed at the south ends of both belts of aporhyolite. Some
of the larger areas are shown on the county geologic map. Aporhyolite flow breccia
in the area 4 mile west of Five Forks has associated with it tuff breccia which is inter-
bedded with blue slaty tuff. The tuff breccia is made up of grains of quartz and epi-
dote with angular fragments of aporhyolite in a sericitic quartzose matrix. Under
the microscope the aporhyolite fragments are seen to be vesicular. Blue slate and
white sericitic schist of tuffaceous origin border the blue aporhyolite south of Middle-
point.

Pyroclastic sediments south of Pine Knob comprise a series of green banded slate,
bluish gray tuff with elongated blebs, dense gray slate with glassy quartz grains, and
schistose bluish-gray tuff with drawn-out lenses of white finely granular quartz.
The tuffaceous layers are interbedded with blue vesicular aporhyolite with quartz-
filled vesicles and a purple aporhyolite containing feldspar phenocrysts up to £ inch
in length. This series of pyroclastics and flows is folded, the layers are crinkled and
broken by cleavage which dips 60° SE., and the folds pitch north. The pyroclastic
beds pass northward into red aporhyolite. East of the main belt of the pyroclastics
thin layers of similar tuffaceous beds are apparently interbedded in the metabasalt.

Dike Rocks

The injection complex of the Middletown Valley is cut by numerous dikes of meta-
diabase which range from 1 foot to 75 feet in thickness. Their general strike is north-
east. The dikes have not been mapped because of poor exposures. The massive
diabase of thicker dikes weathers to rounded boulders that strew the surface. The
diabase of thinner dikes is altered to hornblende schist which weathers readily to soil.
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Fig, 6. Metadinbase sills and dikes cutting granite of the injection complex. Catoctin Creek,
2 miles west of Jefferson. A, B, C. Metadiabase (greenstone) sills truncating quartz veins follow-
ing old joint fractures in the granite. C. Shows later cleavage common to granite and greenstone.

The massive diabase has an ophitic texture. Augite, in part altered to hornblende,
fills the spaces between automorphic laths of saussuritized plagioclase. Other con-
stituents are actinolite, felty chlorite, epidote, and ilmenite altered to leucoxene.
The diabase of thinner dikes is altered to hornblende schist in which no augite has
been seen. This rock is made up of saussuritized feldspar, green hornblende, epidote,
chlorite or clinoclore, fine quartz grains, and in plages pyrite and magnetite. The
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diabase in the wider dikes has a fine-grained chilled border at the contact with the
coarse-grained granitic rock. The dikes truncate the older structures in the granitic
rock, such as gneissic layering and quartz veins. Such relations may be seen on
U. S. Highway 340 near Catoctin Creek (Fig. 6) and elsewhere to the south of that
highway. In places stringers of diabase penetrate the gneiss.

The injection complex and metadiabase dikes have a well-defined schistosity which
commonly dips southeast. Where this schistosity is well developed, the granitic
rocks and the metadiabase may appear to be in concordant layers. The presence of
chilled borders in the diabase and its cross-cutting relations to the structures in the
injection complex show that the metadiabase is intrusive in the granitic rocks. The
metadiabase resembles the Catoctin metabasalt flows in composition, and both are
younger than the injection complex; hence it is concluded that the dikes are syn-
genetically related to the metabasalt flows.

Dikes of rhyolitic composition are rare in Frederick County. A blue felsitic rhyo-
lite dike 20 feet wide cuts the Catoctin metabasalt just west of the Loudoun formation
at the south end of Catoctin Mountain west of Point of Rocks.

Relative Age of the Volcanic Rocks

The Swift Run tuff, which overlies the injection complex, makes a corrugated
border around the north-plunging end of the anticline of granitic rocks (Fig. 5) and
lies at the base of the volcanic series beneath the Catoctin metabasalt. Near Po-
tomac River on the east limb of the anticline, the Swift Run tuff contains beds of
marble.

The relative age of the metabasalt and aporhyolite is not so clear. The elongated
bodies of aporhyolite are surrounded by metabasalt and-might be either exposed in
anticlines and lie beneath the metabasalt, or be enclosed in synclines and overlie
the metabasalt. South of Pine Knob the minor folds in the pyroclastic rocks pitch
north, away from the surrounding metabasalt, and this structure suggests that the
rhyolites and pyroclastic rocks are enclosed in a syncline and overlie the metabasalt.
The presence of an aporhyolite dike in the metabasalt west of Point of Rocks and
other similar dikes in metabasalt in Virginia also indicate that the rhyolite is the later
flow. On the other hand, flow breccia, volcanic breccia, and pyroclastic rocks are
surface phenomena and indicate the tops of flows. Since they lie near the contact
with the metabasalt, they suggest that the aporhyolite extrusion preceded the meta-
basalt.

In Pennsylvania Stose® has concluded that the aporhyolite is older than the meta-
basalt, a view in accord with that of Keith® for the Maryland area. Stose based his
opinion in part on the fact that in places the aporhyolite adjacent to the metabasalt
has a brick-red color, possibly due to oxidation of the iron in the aporhyolite by the
molten basalt. Fragments of aporhyolite enclosed in the metabasalt 1 mile north
of Gladhill, Pa., also have a brick-red color. The rhyolitic tuff and volcanic breccia
in Buchanan Valley, Pa., overlie the aporhyolite flows, and represent the closing stage
of the rhyolitic eruption. Stose’s conclusion for the Pennsylvania area is that rhyo-

* Stose, G. W., Fairfield-Gettysburg folio, U. S. Geol. Surv. Atlas No. 225, pp. 4-5, 1929.
26 Keith, A., Geology of Catoctin Belt, op. cit., pp. 313-315, 1895.
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litic lava was erupted first, followed in places by rhyolitic tuff and breccia, and that
near the end of the eruptions of rhyolite thin basalt flows alternated with the rhyolite,
and eventually the basalt flows predominated. If the aporhyolite is older than the
metabasalt, it occupies the same position as the tuffaceous beds in the Swift Run tuff
which also underlies the Catoctin metabasalt and probably represents the southward
thinning edge of the aporhyolite flows.

Relation of the Volcanic Rocks to the Injection Complex

In the Middletown anticline the volcanic series, with the Swift Run tuff at the base,
surrounds the injection complex on the flanks and the north end of the anticline.
The contact of the Swift Run tuff and the injection complex is not exposed in the
Middletown anticline, but this contact is clearly exposed in Virginia east of Swift
Run Gap where it is evident that the Swift Run tuff and Catoctin metabasalt overlie
the injection complex.

Keith?’ concluded that the granitic rocks intrude the lava flows, and this view was
expressed also in the geologic map of Virginia published by the Virginia Geological
Survey in 1928. Furcron.® as a result of his study of the pre-Cambrian rocks of the
Shenandoah Park, also believed that the granodiorite and granite intrude the Catoc-
tin metabasalt. He states that granodiorite appears to intrude Catoctin metabasalt
at several places in that region. The writers have seen no outcrop in Virginia or
Maryland where pre-Cambrian granitic rocks intrude the metabasalt. They believe
that the metabasalt overlies the granitic rocks.

More recently Cloos?® states that, in the Middletown Valley in southern Maryland
the granite intrudes the volcanic rocks in sill-like dikes which dip gently eastward
and entered the volcanic rocks along the cleavage planes. His Figure 29 illustrates
such “sill-like intrusions of granodiorite” from outcrops in a railroad cut west of
Weverton, Washington County. This place is in the Rohrersville anticline. How-
ever in the legend on the geologic map of Washington County, published in 1941,
Cloos does not include granodiorite in the Catoctin metabasalt. Granite and grano-
diorite are exposed at many places in the center of the Rohrersville anticline from a
point one mile north of Gapland southwestward to Potomac River. These intrusive
rocks are easily distinguishable from the metabasalt by their color, mineral content,
and structural characters. In southern Maryland and in Virginia the volcanic and
granitic rocks have a cleavage that is common to both series. This cleavage, as has
been stated, is of late Paleozoic age (post-Conestoga according to Cloos), and the
so-called sill-like dikes of granite, as described by Cloos, should, therefore, be of late
Paleozoic age if, as he states, the path of intrusion was controlled by the cleavage
direction. However, it is shown in Figure 6 that the metadiabase truncates the
gneissic layering and quartz veins of the injection complex in the form of dikes or sills
intruded into the granitic rocks and that they are not volcanic rocks intruded by

27 Keith, A, Idem. Pl 22, pp. 314-318, 1892.

28 Furcron, A. S., Igneous rocks of the Shenandoah National Park area. Jour. Geol., Vol. XLII,
No. 4, pp. 406-407, 1934.

2 Cloos, Ernst, and Hietanen, Anna, Geology of the “Martic Overthrust” and the Glenarm series
n Pennsylvania and Maryland. Geol. Soc. Amer. Special papers, No. 35, pp. 80 and 83, fig. 29, 1941.
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granite. In a large part of the Blue Ridge-Catoctin Mountain uplift in Virginia,
south of the Middletown Valley, Paleozoic deformation was not so intense and the
outcrops are more numerous. There the injection complex is cut by diabase dikes,
innumerable outcrops of which show clean-cut contacts with the injection complex.
The diabase of the dikes frequently has a fine-grained chilled border at the contac¢t
with the granitic rocks, whereas the latter are coarse-grained at the contact; also the
diabase truncates older structures in the injection complex. A good exposure of a
diabase dike cutting across granitic rocks occurs on U. S. Highway 50, 5 miles east
of Ashby Gap, Va., where the dike is 70 feet thick and its contact with the granitic
rocks dips 50° east. In Virginia also the tuffaceous series contains pebbles and cob-
bles of the underlying granitic rocks. The Lynchburg gneiss, which underlies the
Catoctin metabasalt on the east flank of the Blue Ridge uplift in Virginia, represents
beds equivalent to the Swift Run tuff. The gneiss has at its base the Rockfish con-
glomerate, which is made up of granitic pebbles and cobbles derived from the under-
lying injection complex.

For the following reasons the writers conclude that the volcanic rocks were de-
posited and extruded on a floor made up of the much older injection complex:—the
volcanic rocks are not intruded by granite; the Swift Run tuff rests on granodiorite
of the injection complex with a sedimentary contact east of Swift Run Gap, Virginia;
in Frederick County, Maryland, and throughout its extent in Virginia, the Swift Run
tuff occurs at a constant horizon at the contact of the Catoctin metabasalt and the
injection complex; basal beds of the volcanic series contain pebbles of granitic rocks;
the volcanic series is less metamorphosed than the injection complex; diabase dikes,
genetically related to the metabasalt, cut the primary layering of the injection com-
plex and show chilled borders.

Age of the Volcanic Series

The volcanic series, comprising the Catoctin basalt, aporhyolite, and the Swift
Run tuff, overlies the granitic injection complex of early pre-Cambrian age. The
volcanic series is unconformably overlain by the Lower Cambrian Loudoun forma-
tion. Diabase dikes, genetically related to the Catoctin metabasalt, intrude the in-
jection complex but do not cut the Lower Cambrian rocks. In Frederick County
and in southern Pennsylvania the unconformity at the base of the Loudoun formation
1s clearly shown by the fact that the Loudoun overlaps bands of aporhyolite and
metabasalt, indicating that the volcanic rocks were somewhat folded and eroded be-
fore the Cambrian rocks were deposited. In the southern part of Frederick County
the Loudoun formation overlaps the Catoctin metabasalt and Swift Run tuff and
rests on the gneisses of the injection complex at the Potomac River (Fig. 5).

In Loudoun County, Virginia, south of Purcell Knob and farther southwest, the
Loudoun formation directly overlies the Catoctin metabasalt. The average width
of the outcrop of metabasalt south of Snickers Gap, Virginia, is 3 miles. At the gap
the basalt is only 1 mile wide, and north of the gap its maximum width is 1§ miles.
Hence at the gap and to the northward the Catoctin metabasalt appears to be thinner
than in the area south of Snickers Gap. North of a point 8 miles north of the gap,
in Purcell Knob and northeastward to Potomac River, the Loudoun formation over-
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laps the Catoctin metabasalt and Swift Run tuff and rests directly on granodiorite
of the injection complex of early pre-Cambrian age. The writers believe that the
thinning of the metabasalt at and north of Snickers Gap, and its absence in the area
near Purcell Knob and in southern Frederick County, is the result of late pre-Cam-
brian uplift and erosion which occurred before the deposition of the Lower Cambrian
Loudoun formation. The Swift Run tuff, the Catoctin metabasalt, and the apo-
rhyolite are unconformable beneath the Lower Cambrian rocks and therefore are
of pre-Cambrian age.

Since the volcanic series overlies the granitic injection complex, it is younger than
that complex. Because it lacks the metamorphism, granitic intrusions and folding
so pronounced in the injection complex, the Swift Run tuff, the Catoctin metabasalt,
and the aporhyolite are regarded as of late pre-Cambrian age.

PALEOZOIC SEDIMENTARY ROCKS
GENERAL DESCRIPTION

Paleozoic rocks occur chiefly in Frederick County. They consist of quartzites,
phyllites, and limestones of sedimentary origin. The quartzites and phyllites are
the oldest and are of Lower Cambrian age. They are more resistant to erosion than
the limestones and make hills and mountains. The limestones are of Cambrian and
Ordovician age and form lowlands, chiefly Frederick Valley (Fig. 7, Columnar
Section).

The quartzose rocks comprise the following formations, named in order of age and
beginning with the oldest: Loudoun formation, Weverton quartzite, Harpers phyl-
lite, and Antietam quartzite. The quartzose rocks are in two separate belts: (1) a
mountainous tract which lies west of Frederick Valley and the Triassic upland, and
(2) an eastern belt of low hills on the east side of the Frederick Valley and southeast
of the Triassic upland. In the western belt the Cambrian quartzose rocks occur in
two parallel north-trending ridges, Catoctin Mountain and South Mountain, both of
which are synclinal in structure and lie on either side of the anticlinal Middletown
Valley. The quartzose rocks, which formerly were continuous across the anticline,
have been eroded, and the underlying pre-Cambrian rocks are now exposed in the
Middletown Valley.

Catoctin and South Mountains are steep-sided wooded mountains. The rocks
that compose them crop out chiefly along the rocky gorges of streams that cut into or
through the mountains and in road cuts of graded roads. Near the north end of
Catoctin Mountain the rocks are well exposed on State Highway 81 and on the West-
ern Maryland Railroad, in the gorge of Owens Creek, but even here the individual
beds that compose the formations are hard to trace, and the sequence and thickness
of beds are hard to determine, Catoctin Mountain is breached also by Little Hunt-
ing Creek and Fishing Creek, and the quartzose rocks are well exposed in the gorges
of these streams. U. S. Highway 40 crosses Catoctin Mountain at Braddock Heights,
and South Mountain at Turners Gap. Both these gaps are low and the rocks are
poorly exposed.

The rocky outcrops in the wooded gorges of Catoctin Mountain furnish attractive
scenery and the streams are stocked with fish, so that these remote gorges are ideal
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Fi1c. 7. Columnar section of the Paleozoic rocks

for recreation and outings. The city of Frederick gets its water supply from a reser-
voir above a dam on Fishing Creek (Pl. 19B) and paved roads in the valleys of the
headwaters of this stream have made this attractive watershed accessible to motor-
ists. Another recreation center northwest of Frederick is the near-by Gambrill
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State Park around High Knob on Catoctin Mountain, where picnic grounds have
been laid out and observation towers built, which furnish distant views of the Middle-
town Valley to the west and Frederick Valley to the east. At many points to the
northeast on Catoctin Mountain, high ledges and cliffs of white quartzite rise above
the wooded crests of the mountain and give extended vistas. These ledges include
Wolf Rock, Chimney Rock, and White Rocks, which are accessible by mountain
trails.

South Mountain is a single narrow wooded ridge not cut through by streams, and
therefore it lacks clear exposures of the quartzose rocks. Qutcrops on the road that
crosses the mountain at Compton Gap are poor. The quartzose rocks are well ex-
posed however on mountain roads on Lambs Knoll and on the west slope of the moun-
tain on U. S. Highway 40 near Zittlestown, in Washington County. The Appala-
chian Trail follows the wooded crest of South Mountain from the Maryland-Pennsyl-
vania State line to Potomac River.

Limestone has been extensively quarried for many years around Frederick. It
forms the floor of Frederick Valley and crops out in many places. It is overlain by
Triassic sedimentary rocks at the north end of the valley and in places along the west
side. Limestone is also exposed in places on the west side of the belt of Triassic
rocks, along the foot of Catoctin Mountain. In Frederick County the following
limestone formations have been recognized: Tomstown dolomite of Lower Cambrian
age, Frederick limestone of Upper Cambrian age, and Grove limestone of Ordovician
age.

CAMBRIAN SYSTEM
Loudoun Formation

Distribution.—The Loudoun formation, the oldest of the Cambrian formations,
occurs only in the western part of Frederick County where it crops out on the slopes
and in places on top of Catoctin and South Mountains.

In Catoctin Mountain the Loudoun formation forms a wide belt on the west slope
of the mountain from its northeast end, in Carrick Knob ridge, southwestward to
High Knob. South of High Knob, as far south as U. S. Highway 340, it forms an
eastern ridge of Catoctin Mountain, the main ridge to the west being composed of
Catoctin metabasalt. South of that highway to Potomac River the Loudoun forms
the crest of Catoctin Mountain except for a few miles in the vicinity of Pine Rock,
where the overlying Weverton quartzite caps the mountain and makes its east slope.
West of Point of Rocks the Loudoun formation in Catoctin Mountain is enclosed in
a north-pitching syncline and is not present in the lower cliffs along the river (Fig. 20).
North of High Knob the band of Loudoun formation on the west slope of the moun-
tain widens and reaches the crest of the main ridge and in places extends down the
east slope. Southeast of the broad flat saddle at Five Forks and in deep gaps in the
main ridge north and south of Philips Delight School, tongues of the Loudoun extend
a mile or more eastward down the gorges. East of Eyler’s Valley, at the northeast
end of Eagle Mountain, the Loudoun formation extends down a rocky gorge to the
ecast foot of the mountain.

At the northeast end of Catoctin Mountain the Loudoun formation on the north
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slope of Carrick Knob ridge extends southward along the east slope of the ridge to
Mount St. Marys, where it is cut off by the Triassic border fault. Southwest of
Mount St. Marys the Loudoun is exposed at several places on the southeast slope of
Catoctin Mountain. One long narrow area of the formation extends southwestward
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o Weverton
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F16. 8. Section of Pine Knob on South Mountain. Showing the Loudoun formation with basal
conglomerate capped by Weverton quartzite.

to the gorge of Owens Creek, west of Roddy, and another long area lies south of
Catoctin. The Loudoun also crops out in anticlines in some of the deeper gorges
within the mountains, as on the headwaters of Fishing, Little Hunting, and Hunting
Creeks.

In South Mountain the revised mapping of the Loudoun formation is shown in
figure 5. The Loudoun forms a narrow belt on the lower east slope of the mountain
from Potomac River northward to the east side of Lambs Knoll at Reno School.
North of Reno School it is largely concealed by talus. North of Smoketown Gap it
crops out on the south slope of Pine Knob, but is cut off on the east side of the knob
by a local fault. Farther north a narrow band of the formation appears again on the
east slope of South Mountain and extends to a point east of Cavetown, where the
Loudoun passes northward into Washington County.

Small areas of quartzite which forms low hills south, southeast, and southwest of
Everhart School on the U. S. Highway 40, 3 mile southwest of Burkittsville, in the
vicinity of Jefferson and 2 miles north of that town, are shown on the Frederick
County map as Loudoun formation. As the writers have stated earlier in this report,
later work in Frederick County and in the adjacent part of Virginia has proved that
this quartzite is part of the Swift Run tuff, and is not of Cambrian age (Fig. 5).

Character and Thickness—The Loudoun formation is largely a soft arkosic quartz-
ite with beds of purer harder quartzite, quartzose conglomerate, and phyllite or slate.
The lower beds of the formation are made up of residue from the disintegration of pre-
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Cambrian granitic rocks on an old land surface, which lay to the east in Cambrian
times. The residual waste was washed into a transgressing sea, in which it was de-
posited with little or no sorting. Some of the basal beds are red and green slate with
scattered unassorted grains and small pebbles of quartz and feldspar, which appear
to be little disturbed regolith. The character of these basal beds is best displayed at
High Knob (Pl 7A) and northward on the west slope of Catoctin Mountain to the
vicinity of Carrick Knob, and at Pine Knob on South Mountain. On the west slope
of Catoctin Mountain the basal beds contain bluish-gray and green tuffaceous slate
which is overlain by a thin quartzite and coarse arkosic quartzite containing pebbles.
Some of the tuffaceous slate is spotted with blue and green blebs. At High Knob
these basal beds are 200 feet thick. At Pine Knob on South Mountain the arkosic
quartzite is conglomeratic and has rounded pebbles of quartz and red jasper which
range from 2 to 4 inches in diameter.

The upper beds of the Loudoun formation are a white to gray thin-bedded quartz-
ite and purple banded arkosic quartzite, which shows current-bedding in places (Pl
6B). The top of the formation is placed below the first prominent bed of purer
vitreous quartzite of the Weverton. The Loudoun formation in Frederick County
is variable in character and thickness. In South Mountain the thickness is about
200 feet. At Pine Knob north of Smoketown Gap, where the beds lie nearly hori-
zontal in a syncline, the section of the Loudoun (Fig. 8) is:

Section of Loudoun Formation at Pine Knob on South Mountain

eet
Hard dark vitreous quartzite (Weverton) :
Crumbly dark-banded feldspathic quartzite..............coovvii ... 100
Purple-banded quartzite and thin white vitreous feldspathic quartzite, in part cur-

FE -l 5 o8 B B0 0.0 8% o S ACIBO00 S T HGb boo TRAR o c S IR S S R 60+
Blue to purple shiny tuffaceousslate......... ... ... ... ... ... ... . ... ... 20+
Thick coarse conglomerate of 2-4 inch rounded pebbles of quartz and red jasper,

with interbedded shiny blue micaceous slate or phyllite....................... 20+

200+

In Catoctin Mountain the Loudoun formation is considerably thicker than in
South Mountain. The characteristic slaty beds which form the lower part of the
formation (Pl 6A) are well exposed on the slopes of High Knob and along the steep
west slope of Catoctin Mountain northward to the east end of the mountain. Above
these slaty beds, which are about 200 feet thick, there are about 100 feet of soft dark-
greenish pebbly arkose and slate, which are generally poorly exposed. These beds
are included in the Loudoun because they lie beneath hard quartzites that are charac-
teristic of the Weverton. The section of the Loudoun formation at High Knob is:

Section of Loudoun Formation ot High Knob on Catoctin Mountain

eel
Hard dark quartzite, overlain by hard white quartzite (Weverton) g
Crumbly, schistose, white to gray quartzite with coarse grains of blue quartz and
sericite partings............... FOOH SRR 300 o J o cBEER. o8- oo o oY B onon ¢ 100+
Crinkled black slate, thin-bedded dark quartzite and pebbly arkose. Estimated.. 50+
Concealed; largely slate. Estimated......................................... 60+
Crinkled blue-green, shiny tuffaceous, blebby slate. .............. ceeeeoo 1002

Greenstone (Catoctin metabasalt)

310+
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The volcanic rocks which occur in the lower part of the Loudoun formation in
Frederick County are bluish-gray tuffaceous slate. The underlying Catoctin meta-
basalt is a massive, green amygdaloid. Because no exposures of the contact of the
blue tuff of the Loudoun with the underlying green metabasalt of the Catoctin have
been found, their stratigraphic relation has not been observed, and it might be as-
sumed that the blue tuff is part of the Catoctin metabasalt. In Loudoun County,
Virginia, northeast of a point about 1 mile south of Purcell Knob, as has been men-
tioned earlier in this report, the Loudoun formation overlaps the Swift Run tuff and
Catoctin metabasalt and rests directly on the granodiorite of the injection complex.
In exposures on State Highway 9 at the south end of Purcell Knob, Virginia, blue
tuffaceous slate beneath quartzite and arkose of the Loudoun formation rests directly
on granodiorite on both limbs of the Purcell Knob syncline. In an anticline south of
Stanley, Page County, Virginia, tuffaceous rocks at the base of the Loudoun similarly
overlie granodiorite, and the Catoctin basalt is absent. It seems that the blue
tuffaceous slate belongs in the Loudoun formation because it is present below quartz-
ite and arkose of the Loudoun where Catoctin metabasalt is absent.

Age and Name.—The Loudoun formation in Frederick County extends across
Potomac River into Loudoun County, Virginja, which is the type locality where the
formation was named and first described by Keith.?®* The Loudoun formation con-
tains no fossils, but it is comformably overlain by other quartzose formations, the
uppermost of which, the Antietam quartzite, contains fossils of Lower Cambrian age.
The Loudoun formation is therefore considered to be of Lower Cambrian age.

Weverton Quartzite

Distribution.—The Weverton quartzite overlies the Loudoun formation and is the
main ridge-making formation of the Appalachian Mountains in Maryland. Catoctin
and South Mountains and the Blue Ridge (Elk Ridge) are all composed chiefly of
Weverton quartzite. In Catoctin Mountain, north of Braddock Heights, the Wever-
ton caps Ridge Hill, High Knob ridge, and several intervening high ridge crests.
Northwest of Yellow Springs it forms a wide belt of north-trending rugged ridges
and rocky spurs that extend eastward from the crest of the main ridge to the east
foot of the mountain. Southwest of Little Hunting Creek this belt of mountains
has a maximum width of 22 miles, and northeast of that stream the belt narrows to
1} miles. North of Thurmont the main ridge trends northeast, and at Carrick Knob
it trends east. South of Braddock Heights most of Catoctin Mountain is composed
of Loudoun formation and the underlying Catoctin metabasalt. The Weverton
quartzite is present on the crest and east slope of the mountain for a distance of only
2 miles in the vicinity of Pine Mountain.

In South Mountain the Weverton quartzite is well exposed in the Potomac River
cliff, east of Weverton. Nearly the whole of this part of South Mountain is composed
of Weverton quartzite. Hard quartzite in the upper part of the formation forms the
crest and upper east slope from Potomac River to north of Crampton Gap (Fig. 5).

30 Keith, Arthur, Harpers Ferry folio. U. S. Geol. Surv. Geol. Atlas No. 10, 1894.
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This hard quartzite-also caps Lambs Knoll. At Turners Gap, north of Lambs Knoll,
the Weverton quartzite passes into Washington County, but again forms the crest of
South Mountain in Frederick County from Monument Knob north to Smoketown
Gap. North of this gap the crest of the mountain is offset to the east, where Pine
Knob forms the crest and is capped by the Weverton. The Weverton quartzite

b,

Fi1G. 9. Section of Weverton quartzite on State Highway 81 and W. M. R. R. on Owens Creek
in Catoctin Mountain. Showing the upper white ridge-making quartzite enclosed in an overturned
syncline.

forms the whole of South Mountain in the county for 5 miles north of Pine Knob,
to the point where the county line swings sharply northeast. Here the Weverton
formation extends into Washington County, and is not again exposed northward in
Frederick County.

Character and Thickness.—The Weverton quartzite is composed largely of quartz-
ites, some beds of which are massive, vitreous, and resistant, and make rocky ledges
or ridge crests (Pls. 7-9). The best continuous exposure of the Weverton in Catoctin
Mountain is along State Highway 81 and the Western Maryland Railroad, in the
rocky gorge of Owens Creek through Eagle Mountain. Here, the ridge-making
white quartzite in the upper part of the Weverton descends the south spur of Eagle
Mountain in great white ledges to the stream and railroad at a point less than a mile
southeast of Flint Station. A structure section of the rocks is shown in figure 9,
The measured section is:

Section of Weverton Quartzite, Owens Creek Gorge

feet

Soft gray quartzite with thin dark banding................ciceiee 30+
Thin-bedded white quartzite............ ..ot 15
Massive-bedded hard white quartzite (ledge maker)............... ... ool 50
Largely concealed; some purple banded white quartzite near top and some thin-bed-

ded granular quartzite with dark glassy quartz grains and fine pebbles at the base.

1B TG o o R & H o'a = o ¥ o 0 ATl A8 000 0 addda T 0THBGE 0B 0o AP | Sl DCIEE £ o s 250+
Dark granular quartzite with large clear and blue quartz grains, thicker bedded in

middle, and a conglomerate with round quartz pebbles at base................. 105+

450+
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A composite section of the Weverton in Catoctin Mountain based on this measured
section and other partial sections, is:

Composite Section of Weverton Quarizite, Catoctin Mountain

Seet

Soft¥quantziteswith thinfdarksbanding: .. v . . 5 50 Soger Frm T - @asio@ e o0 o+« G600 ops 50+
Thick-bedded white vitreous quartzite, some beds showing clear to bluish glassy

quartz grains (chief ledge maker)............. ... ... ..o i 50+
Softer quartzites, in part purple banded white quartzite................... 30+
Thick-bedded white quartzite, containing grains of clear blue quartz and

some feldspar and having sericite partings; thinner bedded and greenish

§ 260+

) TR O B ol om0 it o B PRI S SRl SR | 5 o' |, ookt OIS 30
Largely concealed; softer quartzite, poorly exposed....................... 100+
Granular, gray quartzite, somewhat feldspathic.......................... 20+
Soft greenish sericitic quartzite............. ... ... o ool 30+
Dark ferruginous fine-grained quartzite with schistose partings and interbedded

black slate, and at the base a bed of coarse, blue, vitreous quartzite and conglomer-

ate of 4 inch rounded quartz pebbles............ ... .. ... . 100+

460+

The hard ledge-making quartzite at the top of the formation in Catoctin Mountain
has been separately mapped to bring out the structure. This quartzite is a hard
white vitreous rock 50 feet thick. It forms the top of most of the longitudinal ridges
of the broader part of the mountain from High Knob north to Carrick Knob. The
rocks are closely folded and many of these quartzite areas are crescent shaped because
they are enclosed in tightly squeezed overturned synclines in which the east limbs are
not clearly observable and may be faulted out. The white quartzite in some tightly
squeezed synclines (Fig. 21) make conspicuous white ledges on the mountain tops,
which are visible from the lowland to the east. The most prominent of these ledges
are White Rocks northwest of Yellow Springs, Chimney Rock, Wolf Rock, and The
Lookout west of Thurmont (Pls. 7B, 8, 9).

The spurs on the southeast slope of Roundtop and Carrick Knob, at the east end
of Catoctin Mountain, are dip slopes of a plate of the cliff-making upper quarzite
of the Weverton on the northwest limb of the Catoctin Mountain syncline. Wolf
Rock (Pl 7B) is a plate of the upper quartzite about 50 feet thick which dips 10° SE.
at the south end. Northeastward the quartzite divides into two ledges, apparently
forming the sides of an isoclinal syncline. Chimney Rock (Pl 9) appears to be a
nearly horizontal plate of the upper quartzite at the bottom of a similar syncline.
The Lookout, west of Thurmont, seems to be an inclined plate of the upper quartzite
on the west limb of a syncline. White Rocks (P1. 8B), northwest of Yellow Springs,
is a ledge of the upper quartzite, 20 feet thick, which dips 75° E., apparently on the
west limb of a tightly closed syncline, the east limb of which is poorly exposed on the
slope below. The Hamburg fire tower, on a spur of the mountain northwest of Yel-
low Springs and plainly visible from the Frederick Valley, is built on nearly horizontal
beds of the upper quartzite (Pl. 8A). At the east edge of the top of the spur and on
the steep slope below, the quartzite dips 70° SE., apparently forming the overturned
east limb of a syncline.

The coarse dark ferruginous and conglomeratic quartzite at the base of the Wever-
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ton is well exposed 13 miles east of Flint Station, at the east entrance to the gorge of
Owens Creek in Catoctin Mountain. Here the dark quartzite and conglomerate on
the east limb of the overturned Catoctin Mountain syncline are exposed in fresh
cuts along State Highway 81 (Fig. 9). These basal dark quartzites are 105 feet
thick, and the massive white quartzite higher in the section is 50 feet thick.

In South Mountain the Weverton quartzite has a thick light-colored ledge-making
quartzite at the top and hard dark-banded to white ledge-making quartzites at the
base. The best exposure of the formation is in the cliffs above U. S. Highway 340
north of Potomac River, just east of Weverton (Pl. 10A), but a continuous section
cannot be measured there. The softer beds are poorly exposed and the hard quartz-
ites, which make rapids in the river (Pl. 10B), cannot be continuously traced in the
cliffs north of the river. The structure and relations of the beds are not clear. Be-
cause of a repetition of a characteristic thick bed of hard conglomeratic quartzite and
the synclinal structure of the rocks on South Mountain to the north, the structure
in the cliff is interpreted as a closely compressed isoclinal syncline overturned to the
northwest (Fig. 22). The section as thus interpreted is:

Section of Weverton Quartzite in South Mountain East of Weverton at Potomac River

feet
Largely concealed; some dark ferruginous quartzite

Thick-bedded, coarse to conglomeratic, hard light-gray quartzite, banded with purple
(Upper ledge maker)

Largely concealed; some dark ferruginous quartzite

Hard white quartzite

Largely concealed; some dark ferruginous quartzite

Softer thick-bedded quartzite

Thick- and thin-bedded granular quartzite (Lower ledge maker).......... o W 95

4754

The Weverton quartzite is well exposed also in the cliffs north of Black Rock on
the west slope of South Mountain in Washington County, where it lies nearly hori-
zontal on the west limb of the South Mountain syncline. The measured section is:

Weverton Quartzite near Black Rock on South Mountain

Jeet
Dark ferruginous coarse vitreous quartzite and gray pebbly quartzite with white and

pink glassy quartz pebbles
Dark vitreous quartzite
- Thin conglomerate bed .
Gray quartzite with dark banding
Conglomerate bed
Slabby dark-greenish ferruginous quartzite containing red spots, magnetite crystals,
and feldspar grains
Shaly to slabby dark quartzite containing many magnetite crystals...........
Dark purplish vitreous quartzite
White and dark-purple banded vitreous quartzite with thin shale at top 65| Lower
Dark vitreous quartzite. . ............ o o oo e s Be OB 30| clift
Dark purple and white banded vitreous quartzite 20) maker

Upper ledge maker

510+
Slabby dark ferruginous quartzite containing some small pebbles (Loudoun)




38 CARROLL AND FREDERICK COUNTIES

On the east slope of South Mountain, where the beds are overturned on the east
limb of the South Mountain syncline, the lower ledge-making beds of the formation
are well exposed and the section is:

Partial Section of Weverton Quartzite, East Slope of South Mountain, West of Wolfville

feet

Coarse granular dark vitreous quartzite containing dark glassy grainsand 4 inch peb-

bles of quartz and magnetite crystals. ............ ... . ... 20+
Largely covered; at top, gray fine-grained quartzite, containing magnetite crystals;

lower part, thin-bedded fine, greenish quartzite containing magnetite crystals.... 1504
Thick-bedded coarse granular quartzite containing black shale pebbles.. 40
Thick-bedded white vitreous quartzite................. ..o 60
Concealedi I B g R 20| Lower
Gray vitreous quartzite, current-bedded, laminated, and banded with ledge 180

darkstreaks............. ... ... el . . o P P 20| maker
Well-bedded, thick-bedded gray vitreous quartzite containing grains of
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350+

?ebbly schistose quartzite and slate (Loudoun)
From these sections it is seen that the Weverton quartzite in South Mountain is
made up of two ledge-making hard quartzites separated by softer beds, and that the

generalized section is:

Generalized Section of Weverton Quartzite, South Mountain

Seet
Dark- to light-gray quartzite with conglomerate beds (Upper ledge maker)........ 100+
Shaly to slabby dark ferruginous quartzite containing glistening quartz grains and
Y ORS00 o aaak aROBOR ORI | (.  J0/G 00 A0 o et ¢ - - 250+
White quartzite and dark-purple banded quartzite (Lower ledge maker)........... 150+
500+

The lower ledge-making quartzite, which is well exposed in a quarry at Weverton
on Potomac River, is believed to be the same as that which makes the cliffs at Black
Rock and Calico Rock northwest of Pine Knob. The upper ledge-making con-
glomeratic quartzite, which makes the top of the cliff at the river east of Weverton
and caps the ridge to the north, is believed to be the same as the conglomeratic quartz-
ite which caps South Mountain north of Pine Knob. This upper quartzite is not
present in the syncline at the road in Crampton Gap, but it forms the crest of the
ridge north and south of the gap.

The variation in thickness and character of the Weverton quartzite and of the
underlying Loudoun formation across the strike is shown in figure 10.

Age and Name.—The Weverton quartzite was named from Weverton on Potomac
River, where the formation is well exposed. No fossils have been found in the
formation, but it is conformably overlain by the Harpers phyllite and Antietam
quartzite and is considered to be of the same age as those formations. The Antietam
quartzite contains fossils of Lower Cambrian age.
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Harpers Phyllite

Distribution.—The Harpers phyllite normally overlies the Weverton quartzite, but
in Frederick County it occurs chiefly in a belt of foothills on the east side of Catoctin
Mountain where it occupies a narrow fault block between the Triassic border fault
on the east and a nearly parallel fault on the west. The base of the Harpers is
everywhere faulted out in Frederick County, so that it does not rest on the Weverton
quartzite. From a point west of Indian Springs to Potomac River, the Harpers
in the narrow fault block is overlain by the Antietam quartzite. The belt of Harpers
phyllite is nearly a mile wide east of Braddock Heights and tapers to nothing at a
point 1 mile north of Point of Rocks. It also narrows northward to less than 1 mile
west of Mountaindale, but widens again where the bounding faults diverge north
of Catoctin.

Harpers phyllite is present on the west slope of South Mountain in Washington
County, west of Fox’s Gap. A small area of Harpers phyllite about 4 mile wide and
2 miles long occurs also in the hills east of the Triassic upland, at the north edge of
Carroll County. The Harpers phyllite here underlies Antietam quartzite, and these
two formations lie between the Martic overthrust on the southeast and the over-
lapping Triassic rocks on the northwest.

Character and Thickness.—The Harpers phyllite in Frederick County is in general
a buff-gray phyllite or finely micaceous slate. It is bluish gray when fresh, but
weathers readily to buff color and to slaty fragments. It is very uniform in character
and has few distinctive beds. However, in the area east of the Triassic upland in
northern Carroll County, a quartzite bed is present and has been mapped near the
base of the Harpers. In the vicinity of Thurmont the Harpers is mapped as uncon-
formably overlain by Frederick limestone, but quartzose beds at places adjacent to
the limestone may be part of the overlying Antietam quartzite. If such is the case,
the Frederick limestone near Thurmont unconformably overlies the Antietam, as it
does in the eastern part of Frederick Valley.

The Harpers phyllite south of Braddock is a fine-grained green chlorite schist with
muscovite flakes. It is closely folded, and quartz layers are drawn out into lenses.
In thin section of the phyllite, muscovite is seen to contain quartz inclusions. Gar-
nets are in clusters in chloritic layers, and magnetite occurs in the quartzose layers.
Magnetite occurs also in Harpers phyllite in exposures near and northeast of Brad-
dock. The chlorite-muscovite schist grades northward and southward along the
strike into typical phyllite.

The full thickness of the Harpers phyllite is not present in Frederick County be-
cause the lower part of the formation, which normally rests on Weverton quartzite,
is not exposed. Its upper limit is defined by the quartzose beds of the Antietam.
Its total thickness in adjacent parts of Pennsylvania and Virginia is estimated to be
about 2000 feet.

Age and Name—Keith® named the formation the Harpers shale from Harpers
Ferry, West Virginia, on Potomac River, 4 miles west of Frederick County. The
Harpers at the type locality is a fine-grained slaty phyllite similar to the Harpers

31 Keith, Arthur, op. cit., U. S. Geol. Surv; Geol, Atlas No. 10, 1894.
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phyllite of Frederick County. No fossils have been found in the Harpers phyllite,
but it is considered to be of Lower Cambrian age because it is conformably overlain
by the Antietam quartzite which contains Lower Cambrian fossils.

Antietam Quartzite

Distribution.—The Antietam quartzite occurs in the foothills on the east side of
Catoctin Mountain west of the Frederick Valley, and in a series of linear hills in the
eastern part of the valley. A small area of Antietam quartzite lies east of the Triassic
upland in northern Carroll County. In the foothills of Catoctin Mountain it crops
out in a narrow belt about 1 mile wide which extends from Point of Rocks at Potomac
River to Little Tuscarora Creek northwest of Frederick, where it is cut out by the
Triassic border fault. The quartzite throughout this belt is underlain by Harpers
phyllite and is overlain by Tomstown dolomite, in normal sequence. North of Thur-
mont, along the same strike, poorly exposed quartzosé schist and thin quartzite, on
which the Frederick limestone rests, making low hills in the area mapped as Harpers
phyllite, possibly should have been mapped as Antietam quartzite overlying the
Harpers. The Antietam quartzite is not present in South Mountain in Frederick
County but is well exposed at the west foot of the mountain in Washington County
south and east of Smoketown.

On the east side of the Frederick Valley the Antietam quartzite forms a discon-
tinuous line of low wooded hills from New Midway, where the quartzite is overlapped
by Triassic sedimentary rocks, southwestward to Potomac River. These low hills
rise abruptly out of the limestone valley. The quartzite here is unconformably over-
lain by the Frederick limestone of Upper Cambrian age. Both the quartzite and the
limestone are bounded on the east side by the Martic overthrust. At the north end
of this belt the Antietam quartzite forms two lines of hills. Laurel Hill, which is an
anticlinal ridge west of the main belt, lies out in the limestone valley and its south
end terminates at Cabbage Run. Other short anticlinal ridges in the valley begin
at U. S. Highway 40, east of Frederick, and extend southwestward. The highest
and most prominent of these quartzite ridges begins southwest of Frederick Junction
and extends to Potomac River. Here the outcrops of Antietam quartzite are nearly
2 miles wide. The quartzite is well exposed in road cuts on U. S. Highways 40 and
240 and in outcrops on Monocacy River southeast of Frederick, where the river cuts
through the formation at several places. The small body of Antietam quartzite at
the north edge of Carroll County, east of the Triassic upland, overlies Harpers phyl-
lite and is overlapped by the Triassic rocks.

Character and Thickness—The Antietam quartzite west of Frederick Valley is a
well-bedded light-gray, rusty-weathering, granular, quartzite and underlying crum-
bly, sericitic quartz schist. The best exposures of the formation are along roads
southwest of Feagaville, on U. S. Highway 40 at Braddock, and in the low ridge at
Fuller. The prominent part of the formation is a thin-bedded, fine-grained, rusty-
weathering quartzite about 20 feet thick. The uppermost beds of the Antietam are
laminated calcareous quartzite which splits readily along the bedding planes, the
surfaces of which are stained by rust-colored iron oxide and contain molds of fossils.
The lower part of the formation is a crumbly sericitic quartz schist, generally poorly
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exposed so that the base of the formation is indefinite. In Washington County the
Antietam quartzite contains Scolithus tubes, but none were observed in Frederick
County. The total thickness of the Antietam quartzite in the belt west of Frederick
Valley is estimated to be about 300 feet.

The Antietam quartzite in the eastern part of Frederick Valley is largely quartz
schist with beds of thin-bedded tough gray quartzite with rust specks. Its thickness
cannot be determined because it crops out in anticlines and the base of the formation
is not exposed. Cleavage is so strongly developed in these rocks that bedding can
seldom be observed. Because of the unconformity at the base of the overlying
Frederick limestone, the upper fossiliferous beds of the Antietam may not be every-
where present. From the uppermost ferruginous quartzite beds exposed near
Monocacy River, 2 miles southeast of Frederick, the writers collected poorly pre-
served trilobite spines.

Age and Name.—The Antietam quartzite is named from Antietam Creek, Wash-
ington County. It is well exposed in that county in Short Hill, west of South Moun-
tain, and in the higher foothills west of Elk Ridge. Casts of fossils have been found
in the uppermost beds of the formation in the foothills of Catoctin Mountain, 2 miles
east of Jefferson, as well as at the locality on Monocacy River mentioned above.
The fossils collected were fragments of unidentifiable trilobites and shells similar
to those collected in the Antietam in nearby parts of Maryland and Pennsylvania,
which have been identified as Camarella minor, Hyolithus communis, Obolella sp.,
and fragments of Olenellus sp. These fossils are of Lower Cambrian age.

Tomstown Dolomite

Distribution and Character—A narrow belt of Tomstown dolomite extends along
the east foot of Catoctin Mountain west and southwest of Frederick. The dolomite
lies between the ridge of Antietam quartzite and the Triassic border fault. The
dolomite crops out at few places. At a point 1} miles north of Point of Rocks, and
also 13 miles southwest of Feagaville, white crystalline dolomite overlies the topmost
rusty beds of the Antietam quartzite. Elsewhere in this belt, as far north as Brad-
dock, the dolomite is weathered to red clay and is further concealed by wash from the
adjacent mountain slope. In Rock Creek valley, north of Braddock, the presence
of a kiln and pits in the lowland adjacent to the topmost rusty beds of the Antietam
indicate a former outcrop of dolomite. Near Shookstown hard gray knotty dolomite
of the Tomstown crops out in the fields, and to the west calcareous rusty-weathering
quartzite of the Antietam is exposed dipping east under the dolomite. The belt of
Tomstown dolomite is cut off on the east by the Triassic border fault, so that its full
thickness is not exposed. Its thickness in this area is about 200 feet.

East of Point of Rocks, dark carbonaceous clay with fragments of shale and plicated
calcareous mica schist containing small tourmaline crystals, which are found in the old
iron ore pits in the lowland east of the ridge of Antietam quartzite, indicate the pres-
ence of dolomite or limestone, which is believed to be the southward continuation
of the belt of Tomstown dolomite exposed to the north.

Tomstown dolomite is not present above the Antietam quartzite elsewhere in
Frederick County. In Washington County, west of South Mountain, it is well ex-
posed and overlies the Antietam quartzite.
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Age and Name.—The Tomstown dolomite is named from the village of Tomstown,
Pennsylvarnia, near Chambersburg, where it overlies the Antietam quartzite of South
Mountain. The dolomite that lies above the Antietam quartzite in Frederick County,
and the red residual clay derived from it, have the characteristics and stratigraphic
position of the basal beds of the Tomstown dolomite. No fossils have been found in
it in Pennsylvania, but the Waynesboro formation, which conformably overlies it
in the Chambersburg region, contains Lower Cambrian fossils, so it is of Lower
Cambrian age. The Shady dolomite, equivalent to the Tomstown in southern Vir-
ginia and the region to the southwest, also contains fossils of Lower Cambrian age.

Frederick Limestone

Distribution.—The Frederick limestone is a thin-bedded slabby blue limestone
which forms the floor of most of the Frederick Valley. In the vicinity of Frederick
the limestone area is over 5 miles wide, and its length, from New Midway to the
Potomac River, is nearly 25 miles. Thick-bedded pure Grove limestone overlies the
Frederick limestone in the center of the valley and in several narrow areas northwest
of Frederick. A narrow belt of Frederick limestone is present between low anti-
clinal ridges of Antietam quartzite along the east side of the Frederick Valley east
and southeast of Woodsboro, east of Frederick, and along Monocacy River west
and southwest of Hopeland. An inlier of the formation occurs east of the hills of
Antietam quartzite at the south end of the county, north of the mouth of Monocacy
River. The Frederick limestone is exposed also east of the foothills of Catoctin
Mountain in a narrow belt 5 miles long, north of Catoctin, and in a smaller area south
of Mount St. Marys. A small area of Frederick limestone west of Thurmont, and a
larger area to the north extending from Roddy to Mount St. Marys, lie within the
foothills.

Character and Thickness—The Frederick limestone in general is a dark-blue lime-
stone In thin layers, 1 to 3 inches thick, separated by thin dark irregular argillaceous
partings. Some thin beds of the limestone are granular and coarsely crystalline.
Freshly quarried blue limestone appears massive and dark blue, but on exposure to
the weather it breaks into slabby layers with uneven bedding surfaces. These slabs
are much used in building stone fences, walls, and foundations. On weathering, the
argillaceous partings are left in the soil as dark shaly fragments.

No continuous section of the Frederick limestone is exposed, but the general se-
quence and estimated thickness of beds based on scattered outcrops in Frederick
Valley are:

Generalized Scction of Frederick Limestone in Frederick Valley
Jfeet
Grove limestone:
Thick-bedded limestone containing numerous scattered grains of glassy quartz.
Frederick limestone:
Thin slabby dark-blue limestone containing a 20 foot bed of thick-bedded pure, finely
laminated imestone. Lr. /...t e el e S e e e e 50+
Slabby thin-bedded argillaceous blue limestone and thin granular coarsely crystalline
gray limestone with numerous thin dark argillaceous partings; some beds fossilif-
croWsy Bstimated™ ... ...... RN ST AT DY R 200+
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Jeet
Smooth-layered slabby and shaly banded argillaceous limestone; weathers to shaly
Soil SBstimatedt®s. . . = 8. L e T g e e A 100+
BlackdtofgravAsiraler M VS, 6" 070 LS L L S ST i S 5 o o 50+ -
Buff earthy limestone; weathers to buff tripoli and porous earthy sandstone. .. ... 15+
Blue mottled and irregularly banded argillaceous limestone, which weathers to buft
earthy reticulated network, and lenticular pure limestone in argillaceous matrix,
which weathers to a knotty, spotted, conglomeratic-looking rock............... 40+
Banded argillaceous limestone, weathers white................................. 10+
Concerlcd. e I P . e T e T 155
480+

The gray to black shale near the base of the Frederick limestone makes a narrow
band traceable nearly continuously along the east side of the limestone valley from
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F1c. 11. Sketch section of lower beds of the Frederick limestone on U. S. Highway 40, southeast
of Frederick Junction. Shows shale underlain by buff earthy-weathering impure-banded limestone
in an anticline.

Frederick Junction to beyond Walkersville, and has been mapped. It is spangled
with mica and in places contains pyrite, small tourmaline crystals, and small round
concretions. The shale is best exposed north of Monocacy River in the railroad cut
at Frederick Junction and in its vicinity. In the railroad cut, black fissile shale is
associated with thin-bedded to shaly earthy-weathered limestone. In exposures on
U. S. Highway 240 (Fig. 11), south of the river, banded black shale, about 50 feet
thick, is underlain by quartzose limestone, which weathers to a buff porous sand-
stone, and impure reticulated blue limestone. The reticulated limestone, which is
exposed in a small roadside quarry, resembles a limestone conglomerate in argil-
laceous matrix. The smooth-layered slabby limestone exposed in the western and
northern parts of the Frederick Valley has not ylelded fossils. The argillaceous
banded limestone, which is generally fossiliferous, occurs in the upper part of the
formation and crops out east and southeast of Frederick near the quarries in the
overlying Grove limestone,.

In a small quarry adjacent to the old Grove quarry (also called Tabler quarry),
near the railroad, 1 mile southeast of Frederick, the section of the uppermost beds
of the Frederick limestone is:
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Upper Beds of Frederick Limestone, 1 Mile Southeast of Frederick

Jeet
Platy dark-blue limestone with smooth even parting planes marked by trails and rain-
drop i mpPressioNS . o T ST T L 15
Thick-bedded dark-blue, finely laminated pure limestone......................... 20
Mottled thick-bedded limestone, weathered pitted and looks like a reef.......... .. 10+
Thin platy dark-blue limestone with very irregular bedding surfaces due to wavy
A gilIACEOUE I PATHNEE Bl - oo e L e o o et bR R S+

Fic. 12. Sketch section of Frederick limestone in quarry at Ceresville. Shows unconformity
within the formation and fossiliferous horizons. A, cross section of quarry; B, detail of unconformity.

Stone fences adjacent to the quarry are made of slabby limestone derived from beds
lower than those in the quarry. They contain numerous fossils characteristic of the
Frederick limestone. The beds in the small quarry dip 5° NE. beneath the heavy-
bedded Grove limestone, which is quarried in the adjacent old Grove quarry to the
east.

In the limestone quarry at Ceresville, on Monocacy River, the upper part of the
Frederick limestone, exposed in an anticline, is overlain by the Grove limestone
(Fig. 12). The Frederick limestone there exposed is thick-bedded dark limestone
(3 foot beds) interbedded with thin-bedded gray limestone rhythmically banded by
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dark argillaceous partings which weather to earthy shale fragments. The bedding
surfaces of the weathered out thin limestone slabs have deeply pitted surfaces coated
with thin black carbonaceous films. On the west wall of the quarry, these beds are
unconformably overlain (Fig. 12) by 20 feet of thick-bedded light-blue limestone
with wavy buff partings. At the base of these unconformable beds there is an
earthy-weathering argillaceous limestone which weathers to a reticulated silicious
network. Although the unconformity is very marked, fossils in the upper beds are
similar to those in the beds beneath the unconformity and both groups of beds are
Frederick limestone. The upper beds of the Frederick limestone are overlain by 12
feet of thick-bedded granular gray limestone containing glassy quartz grains, typical
of basal beds of the Grove limestone.

Age and Correlation.—Most of the fossils collected from the Frederick limestone
have been found on the bedding-surfaces of weathered slabs in stone fences east
and southeast of Frederick, near outcrops of these fossiliferous beds. Some fossils
have been found also in the Ceresville quarry (Fig. 12). Philip Tyson® was the first
to suggest that the Frederick limestone is of Chazyan or Black River age. Keyes,®
in 1890, reported that brachiopods collected in the Frederick Valley were of Chazyan
or Trenton age. Bassler* named the Frederick limestone from Frederick, Maryland,
and identified fossils collected by Stose from the Frederick limestone in 1909 as
Acidaspis ulrichi Bassler and Strophomena stosei Bassler (P, 11, A, B). He reported
also undetermined species of Reteocrinus, Cameroceras, and Isotelus, and stated that
this fauna suggests a Chazyan or early Mohawkian age. A well-preserved trilobite
collected later by A. I. Jonas at the south edge of Frederick was identified by Ulrich
as Triarthus sp.

The writers subsequently found that the structural evidence in the Frederick
Valley did not support this faunal interpretation.® The fossils from the Frederick
and Grove limestones were later studied by G. A. Cooper, E. O. Ulrich, and A. F.
Foerste. Cooper® distinguished the following species of brachiopods collected at
Frederick and Ceresville: Zenorthis (formerly Strophomena) stosei Bassler (Pl. 11A),
Z. jonasae Bassler, and another species of this genus. Cooper states that these
brachiopods are of late Upper Cambrian age. The trilobite previously identified as
Acidaspis wirichi Bassler (Pl. 11B) is regarded by Ulrich and Raymond as also of
probable Upper Cambrian age.

The Frederick limestone rests on Antietam quartzite in the eastern part of the
Frederick Valley. There the Tomstown dolomite of Lower Cambrian age, which
overlies the Antietam in normal sequence in the foothills west of the Triassic border
fault, is not present. The Frederick limestone of Upper Cambrian age, therefore,
unconformably overlaps the Antietam quartzite of Lower Cambrian age. In the

32 Tyson, Philip T., Geologic formations of Maryland. State Agricultural Chemist, 1st Rept. to
Maryland House of Delegates, p. 35, 1860.

3 Keyes, C. R., Discovery of fossils in limestone of Frederick County, Maryland. Johns Hopkins
Circ., vol. 10, p. 32, 1890.

¥ Bassler, Ray, Cambrian and Ordovician. Md. Geol. Surv., p. 115 and 117, 1919.

% Jonas, A. 1., and Stose, G. W., Age reclassification of the Frederick Valley (Maryland) lime-
stones. Geol. Soc. Amer. Bull., vol. 47, pp. 1658-1671, 1936.

% Personal communication; also Ulrich, E. O., and Cooper, G. A., New genera and species of
Ozarkian and Canadian brachiopods. Jour. Pal., vol. 10, No. 7, pp. 616-631, 1936.
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center of the Frederick Valley syncline the Frederick is overlain by the Grove lime-
stone of Ordovician age.

ORDOVICIAN SYSTEM
Grove Limestone

Distribution.—The Grove limestone was named by the writers’” from Grove Sta-
tion. It is a thick-bedded pure limestone which is quarried for lime at many places
in the Frederick Valley. In the middle of the valley it forms a belt about a mile wide
which extends from a point south of Buckeystown northward to LeGore, where it is
overlapped diagonally by the Triassic sedimentary rocks. The belt widens north of
Fountain Rock, and at its north end, west of Woodsboro, it attains a width of 2 miles.
Several narrower bands of the formation lie to the west of the main belt, and extend
from the south end of Chestnut Hill southwestward to U. S. Highway 40, west of
Frederick.

Character and Thickness—The Grove limestone is a thick-bedded high-calcium
limestone, with beds of massive dolomite in the lower part and highly quartzose lime-
stone at the base. The most complete section of the Grove limestone is a composite
section from the LeGore quarry (Fig. 13), which is:

Grove Limestone, LeGore Quarry

North wall of quarry:

Chalky white to dove-colored, fine-grained limestone and marble; upper beds con-
tain scattered quartz grains; one brachiopod found

Fine-grained dark-blue limestone, some scattered quartz grains in lower beds; con-
tains cephalopods

South wall of quarry:

Thick-bedded dark- to light-dove, pure fine-grained limestone containing crystalline
specks, small crinoid stems and basal plates, and brachiopods. Estimated

Thick-bedded fine-grained pure limestone

Thin-bedded platy to shaly dark argillaceous limestone, with dark graphitic to buff
argillaceous partings. At base, dark limestone banded with buft argillaceous lam-
inae, apparently filling narrow irregular crevices and solution channels in under-
lving granular limestone

Pure fine-grained gray limestone, some beds finely laminated and shaly, with dark
carbonaceous partings. Thin lenticular dolomite near top; thick-bedded, fine-
grained, pure, dove-colored limestone at base

Thick-bedded limestone and glistening dolomite, some layers full of rounded grains
of glassy quartz, probably in part wind blown, and showing current-bedding. Es-
timated

Banded blue limestone and thin layers of granular limestone with scattered grains
of glassy quartz

Thin-bedded banded argillaceous blue limestone (Frederick limestone)

The limestone in the Barrick quarry, west of the railroad at LeGore, is assumed
to be the west limb of an isoclinal syncline of which the limestone in the LeGore
quarry is the east limb. The section in the Barrick quarry is:

37 Stose, G. W, and Jonas, A. I, Limestones of the Frederick Valley, Maryland. Wash. Acad.
Sci. Jour., vol. 235, pp. 564-565, 1935.




Grove limestone in Le Gore quarry (plan)
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+1-Brachiopods

Section of south wall of quarry

F1c. 13. Map and sections of Grove limestone in LeGore quarry. Rocks in quarry offset on
nearly vertical east-west fault. Showing divisions of the Grove limestone:

North wall: (G) White to dove-colored limestone; one brachiopod. (F) Dark dove-colored
pure limestone; cephalopods.

South wall: (E) Light and dark dove-colored pure limestone, dark argillaceous partings; brachio-
pods and cystid plates. (D) Dark dove-colored pure hmestone (C) Thin-bedded slabby argil-
laceous limestone. (B) Pure, blue to dove-colored limestone. (A) Granular limestone full of
rounded quartz grains.
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Partial Seclion of Grove Limestone_ Barrick Quarry

Dark impure limestone (east wall)

Thick-bedded dove to dark-gray finely laminated pure limestone with stylolites and
some scattered quartz grains. Estimated

Thick-bedded light-dove to white finely laminated pure limestone

Thick-bedded dove to dark fine-grained pure limestone

Lenticular dolomite beds in pure limestone

Thick-bedded pure dark laminated limestone; weathers white

Fine-grain, even-grain white marble

Hackly to shaly black argillaceous limestone with black carbonaceous partings; some
beds weather to buff earthy blocky fragments (west wall)

Brachiopods

Fi6. 14. Sketch section of Grove limestone in Grove quarry. Shows beds of quartzose limestone
containing round grains of glossy quartz, and 100’ 4= of pure limestone.

The section of the Grove limestone at the Grove quarry (Fig. 14), south of Grove
Station on the Frederick branch of the B. &. O. railroad, is:

Grove Limestone in Grove Quarry
Jeet
Thick-bedded limestone containing quartz grains and weathering to a porous sand-

Dense blue limestone, with scattered gquartz grains near the top
Dark- and light-gray, fine-grained limestone weathering chalky. Contains fossils... 202
Dense dark-gray, fine-grained pure limestone, containing scattered quartz grains
and with fine wavy argillaceous partings
Massive-bedded dark limestone with wavy argillaceous banding and numerous quartz
grains; weathers to current bedded porous sandstone

The basal beds of the Grove limestone are invariably quartzose, due to the pres-
ence of scattered round grains of glassy quartz which stand out in relief on the
weathered surface of the rock. In places the quartz grains are so numerous that the
rock weathers to a porous sandstone, and residual sand from its disintegration is dug
for building sand. The sand collects in deep depressions between pinnacles of un-
dissolved siliceous limestone. The quartzose beds have been separately mapped as
an aid in the structural interpretation and as a guide to possible deposits of residual
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sand for building purposes. In the northern part of the Frederick Valley the lime-
stone is so quartzose that it makes a low ridge, which extends south for 24 miles
from the west end of Chestnut Ridge, and a lower ridge which lies just to the west.
The basal quartzose beds are conglomeratic in places, containing limestone pebbles
up to 34 inches long. In a small quarry on Tuscarora Creek, 3 mile southeast of
Bloomfield, the following section of siliceous limestone conglomerate is exposed:

Quartzose Limestone in Grove Limestone, 1 Mile Southeast of Bloomfield

Jeet
Thick-bedded quartzose gray granular limestone with a few scattered limestone peb-
[5¥50 5 0 0 dhotad Jo.0o0osp 056 o - N0 oo SENINNUNERRSINE | UL 1 A TR 10
Thin-bedded banded siliceous limestone with a few limestone pebbles.............. 10

Coarse conglomerate composed of slabby fragments 14 inches thick and 3 to 4 inches
long of fine-grained limestone in coarse granular limestone matrix full of coarse
ZlasSy QUATLZ EIAINS. ... ..o vtt ittt ettt it etet e cinaene it et 20+

On the south bank of Monocacy River, opposite Ceresville, these basal quartzose
beds are well exposed as follows:

Quarizose Limestone in Grove Limestone, South of Ceresville

Sfeet
Thick-bedded granular limestone with scattered grains of glassy quartz, 5-foot bed
Eft BERhan 0000 6 0 o ol & S =SR2 3 & o 00600 8o 0ol0BIE o 0 0 o S0+
Thick dark pure limestone with fossil fragments................................. 20+
Thick massive blue limestone full of glassy quartz grains......................... 30+
Thinly laminated limestone with glassy quartz grains............................ 30+

Thin-bedded argillaceous blue limestone, thicker bedded below, with dark argilla-
ceous partings (Frederick limestone)

Age.—~—The Grove limestone was considered by Bassler® to be of Beekmantown age
on the basis of cephalopods found at the LeGore quarry. He believed that these
thick-bedded limestones were overlain by the thin-bedded Frederick limestone of
supposed Chazy age. In 1926, Jonas found that a massive quartzose limestone and
dolomite was always present at the contact of the massive-bedded limestone with the
Frederick limestone. In 1933-34, Stose and Jonas found that the much quarried
massive pure limestone in the center of the Frederick Valley lies in a syncline in the
Frederick limestone and does not underlie it.

Cephalopods collected in 1914 by Bassler, Ulrich, and Stose in a cavern in the
Grove limestone in the north wall of the LeGore quarry were identified by Ulrich
and Foerste* as Ectenolites (new species), Levisoceras sp., Walcottoceras (new genus),
and Cameroceras sp. In 1935 a single specimen of Clarkoceras was found with the
above listed cephalopods. Ulrich and Foerste correlate these beds with the Chepul-
tepec of the southern Appalachians and the Gasconade of Missouri, of lowermost
Ordovician age (Upper Ozarkian of Ulrich). Brachiopods collected from the Grove
limestone in the Grove and LeGore quarries have been identified by G. A. Cooper*

38 R. S. Bassler, op. cit., pp. 114-113.

3 Ulrich, E. O., and Foerste, A. F., New genera of Ozarkian and Canadian cephalopods. Denison
Univ. Bull,, Jour. Sci. Lab., vol. 30, pp. 267-272, 278, 289, 1935.

4 Ulrich, E. O., and Cooper, G. A., op. cit., pp. 616-631.
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as five new genera: A pheoirthis, Nanorthis,Glyplotrophia,Clarkella,and Synirophina.
Cooper states that this fauna also indicates lower Ordovician age (Upper Ozarkian of
Ulrich). A few gastropods collected in the Grove quarry were identified by Bridge
as Sinnopea sp., which is also found in the Chepultepec of the Appalachians. The
Grove limestone is therefore of Lower Ordovician age.
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Fic. 15. Map showing geographic relation of the Frederick and Grove limestones (densely-ruled
pattern) of Frederick County to partly equivalent Conestoga limestone (densely-ruled pattern)
in the Hanover-York-Lancaster valleys of Pennsylvania. Open-ruled pattern, other Paleozoic
limestones.

As fossils are not plentiful in the Grove limestone, the localities where fossils have
been collected are described. The largest number were collected in the LeGore
quarry (Fig. 13). Cephalopods were found chiefly in the north wall of the quarry,
where a few brachiopods also were obtained. Five genera of brachiopods, a trilobite,
and cystid plates are numerous in the south wall. In the Grove quarry (Fig. 14)
three genera of brachiopods and a small cephalopod were collected. Gastropods *
were found in the old Grove quarry, + mile south of the present active Grove quarry.

Correlation —Eighteen miles northeast of the Frederick Valley, in the Hanover
Valley, Pennsylvania, and extending northeastward into the York and Lancaster
Valleys, the Conestoga limestone unconformably overlies limestones and shales of
Lower Cambrian age (Fig. 15). The Conestoga limestone is largely a thin-bedded
blue limestone with argillaceous partings, which lithologically resembles the Frederick
limestone. Near the base of the Conestoga in Hanover Valley is thick-bedded
granular limestone containing scattered grains of glassy quartz and pebbles of lime-
stone, similar to the basal beds of the Grove limestone. These quartzose beds of the
Conestoga limestone also weather to porous sandstone, and the residual quartz sand
is dug for building sand. No fossils have been found in the Conestoga limestone in
the Hanover, York, and Lancaster Valleys, but the Conestoga has been traced east-
ward into the Chester Valley where fossils collected from it have been identified by
Ulrich and Foerste to be of Upper Canadian (Beekmantown) age. The Frederick
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and Grove limestones, therefore, are believed to be equivalent in part to the Cones-
toga limestone in the Hanover and Lancaster Valleys."

CRrRYSTALLINE Rocks oF THE PrEpmonT UpLAND

Baltimore Gneiss

The Baltimore gneiss is the oldest rock in the Piedmont upland. The formation
was named” from the excellent outcrops in Baltimore City along the banks of Jones
and Gwynns Falls. The rock at the type locality is a granitoid gneiss occurring in
beds from an inch to 6 feet in thickness, traceable in places for 100 feet in the quarry
face. Light-colored feldspathic beds alternate with very thin black layers of highly
biotitic or hornblendic material.

Baltimore gneiss is exposed only in one small area in the southeast corner of Carroll
County. The area is bounded on the east and south by North and South Branches
of the Patapsco River which join at the southeast corner of the county a mile east of
Marriottsville. The Baltimore gneiss extends a mile along the strike between North
and South Branches, and the best exposures are in gorges of both branches of the
river. The northwest boundary is formed by the Setters formation which overlies
the Baltimore gneiss. This gneiss area is in the northwestern part of the Woodstock
anticline,

The Baltimore gneiss in Carroll County is a distinctly banded rock with black
bands rich in biotite which contrast strongly with light-colored layers of granitic
appearance. It contains also layers of hornblende gneiss. The rock is closely folded
and the dip of the layers is from 30° to 40° NW.

The banded gneiss is made up of white to pinkish feldspar and rounded or len-
ticular grains of clear grayish or white quartz and flakes of black biotite. The feld-
spar is both microcline, a potash feldspar, and oligoclase, a soda-lime feldspar. The
rock is thoroughly crystalloblastic; it was formed in a deep zone and the interlocking
areas of quartz and feldspar were crystallized at the same time. On the border of
the microcline there is developed myrmekite, a characteristic constituent of the
Baltimore gneiss. Myrmekite is a micro-intergrowth of vermicular quartz in plagio-
clase, probably formed by replacement of potash of the microcline by lime and soda;
during the process, silica was liberated. Biotite is present in variable amount and is
deep greenish brown to straw yellow in color, usually arranged in bands. Charac-
teristic accessory minerals are titanite, garnet, zircon, and apatite.

A pink augen-gneiss which occurs near Marriottsville, Howard County, probably
represents the Hartley augen-gneiss which intrudes the Baltimore gneiss in some
places in Baltimore County, notably in the Glenarm and Texas anticlines. It is a
biotite-rich rock with blades of biotite wrapped around lenticular areas of quartz
and feldspar. These areas in cross section resemble eyes, hence the name augen-
gneiss. The feldspars are microcline and oligoclase, with associated myrmekite.

The origin of the Baltimore gneiss and its chemical composition at the type lo-
cality were discussed in detail in the Maryland Geological Survey’s report on Balti-

41 Jonas, Anna I., and Stose, Geo. W., op. cit. Geol. Soc. Amer. Bull., vol. 47, pp. 16571674,
1936.

4 Williams, G. H., Geology of Baltimore and its vicinity. Extract from Guide Book of Baltimore
for Am. Inst. Min. Eng., pp. 77-124, 1892.
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more County. It was concluded from the appearance of the formation in the field,
that the massive granitoid gneiss exposed in the City of Baltimore probably repre-
sents a sedimentary formation. Study of microscopic section of the rock furnishes
evidence in support of this conclusion. Recrystallization in a deep zone has been
so complete, however, that a sedimentary origin cannot be proved. Elsewhere in
Baltimore County the Baltimore gneiss is an injection gneiss containing dark-
colored biotitic layers that represent remnants of original sediment, and may show
fraying out at the ends of the bands due to resorption action of the invading magma.
The injection gneiss has ptygmatic folds that are highly complex primary folds
developed during the injection of the igneous material into a softened schist. The
injection gneiss in the Phoenix anticline in Baltimore County is so distinctly banded
that it may be called a ribbon gneiss. The granitic layers pinch and swell in the
biotitic bands. In places the contortion is so great that the axes of the folds stand in
a vertical position. The Baltimore gneiss contains pegmatites which are recrys-
tallized alaskitic rocks that have undergone intense metamorphism. The Hartley
augen gneiss is an intrusive body that recrystallized under stress and movement
in a deep zone. The granitoid gneiss at the type locality and the injection gneisses,
hornblende gneiss, altered aplite, and Hartley augen gneiss are mapped in Baltimore
County as the Baltimore gneiss. The term Baltimore gneiss as it has been applied,
therefore, refers to an igneous complex which resembles the injection complex ex-
posed in the core of the Middletown anticline in Frederick County and in adjoining
parts of the Blue Ridge uplift in Virginia. The Baltimore gneiss, like the injection
complex of the Blue Ridge uplift, is regarded as of early pre-Cambrian age.

The Baltimore gneiss, or the injection complex as it should be called, is exposed
in Maryland only in the Woodstock and adjoining anticlines in the southeastern part
of the crystalline schist area, but it undoubtedly underlies all of the crystalline schist
area at shallow depth. The injection complex exposed in these anticlines is only a
small part of similar rocks which are covered by the Setters formation, Cockeysville
marble, and Wissahickon formation in synclines between the uplifts. This con-
clusion is evident from the facts that different types of the injection complex crop out
in the several uplifts and the types show no regular arrangement in the different up-
lifts, and all the rock types are overlapped on their borders by the overlying forma-
tions. In the southeastern part of the area of crystalline schists, the injection gneiss
thus is the core of the closely folded envelope composed of Setters quartzite, Cockeys-
ville marble, and crystalline schists. North of this major anticlinal uplift the crystal-
line schists form a closely folded belt, 20 to 25 miles wide. The Baltimore gneiss must
underlie the schists at depth, for in Pennsylvania it forms the core of the Mine Ridge
anticline which plunges southwest and passes under the crystalline schists.

EASTERN SEQUENCE OF CRYSTALLINE SCHISTS

Setters Formation

The Setters formation* received its name from Setters Ridge, which forms the
north front of the Chattolanee anticline, Baltimore County. The Setters formation

4 Williams, G. H., Structure of the Piedmont Plateau. Geol. Soc. Amer. Bull., vol. 2, p. 308,
1891,
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directly overlies the Baltimore gneiss and forms a ridge on the northwest side of the
Woodstock anticline. The outcrops in Carroll County are poor and the section is
better exposed on the Howard County side of the Patapsco River from Marriottsville
eastward, along cuts of the Baltimore and Ohio Railroad and southward to the old
Frederick Road. The Setters formation dips 25°45° NW. and rests on the Balti-
more gneiss with an obscured contact in this area. At the Carroll-Baltimore County
line in the vicinity of North Branch of Patapsco River, the Setters formation is in a
close fold in which the beds are overturned to the southeast. The formation com-
prises three lithologic-types: mica schist, vitreous quartzite, and mica gneiss. The
base of the formation in Carroll County, as elsewhere in Maryland, is a feldspathic
mica schist. It is overlain by muscovite quartzite, followed by mica schist and mica
gneiss which are poorly exposed in Carroll County. Although the actual contact
of the Setters formation and Baltimore gneiss east of Marriottsville is not visible,
the strike of the lowest observable beds of the Settersis discordant to that of the nearest
exposure of Baltimore gneiss 30 feet to the east. This divergence in structure com-
bined with the more pronounced folding in the Baltimore gneiss are evidences of the
unconformity between them. Structural discordance between the two formations
was observed at contacts exposed on Piny Creek on the north side of the Phoenix
anticline in Baltimore County. There, the divergence in average strike of the two
formations is 20°; the Baltimore gneiss is more closely folded and deformed than the
Setters formation and is intruded by the Hartley augen gneiss, which does not pene-
trate the Setters formation.

The mica schist is a fine- to medium-grained schist composed of quartz, feldspar,
and biotite, which spangles the rock. The quartzite is a coarse-grained, vitreous
rock speckled with pale-pink kaolinized feldspar, and contains silvery flakes of musco-
vite developed along bedding planes. The rock is sometimes stained pinkish red
due to oxidation of magnetite. Black tourmaline, which is characteristic of all beds
of the Setters formation, is especially abundant in the quartzite. Tourmaline
crystals occur on the bedding planes of the quartzite and the crystals are commonly
broken and “stretched’” as a result of dynamic disturbance. In thin section the
quartzite is seen to be made up chiefly of interlocking areas of quartz and microcline,
straw-colored blades of muscovite, scanty magnetite, and rounded zircon.

The mica-gneiss of the Setters is a dark-gray to black fine-grained gneiss composed
of biotite, quartz, and feldspar. In places biotite is in coarse black porphyroblastic
blades which give the rock a spotted appearance. The biotitic variety is usually
more quartzose and less feldspathic than typical biotite gneiss. In thin section the
mica gneiss, which is thoroughly crystalloblastic, is made up of microcline, abundant
biotite, and quartz. An analysis of this member of the Setters formation is published
in the Maryland Geological Survey’s Report on Baltimore County* from a specimen
taken on the north side of the Glenarm anticline. The rock is high in potash, perhaps
because the highly potassic Hartley augen gneiss, or a similar rock, furnished much
of the detrital material which composes the Setters formation.

The maximum thickness of the Setters formation, measured on the north side

* Knopf, E. B., Jonas, A. I, Geology of the Crystalline rocks of Baltimore County. Md. Geol.
Surv., p. 157, 1929,
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of the Glenarm-Towson anticline in Baltimore County, is 1100 feet. The Setters is
very variable in thickness and, on the flanks of the Phoenix anticline in Baltimore
County, is absent in several places. On the borders of the Woodstock anticline its
maximum thickness is estimated at 230 feet.

Cockeysville Marble

The Cockeysville marble is named from the small town of Cockeysville, 10 miles
north of Baltimore. On the geologic map of Carroll County all the marble and lime-
stone exposed in the crystalline rocks of the Piedmont upland are mapped as Cock-
eysville, but the name Cockeysville 1s now restricted to the narrow band of marble
overlying the Setters formation in the southeast corner of Carroll County. The
marble in northeastern Carroll County is now mapped as Wakefield marble (Fig. 4);
and in the western part of Carroll County and the eastern part of I'rederick County,
where marble is associated with volcanic rocks, the albite-chlorite schist facies of the
Wissahickon formation, and the Marburg schist, it is mapped as Wakefield marble
and Silver Run limestone on the Frederick County geologic map. They will be
described with the rocks of the western sequence.

The Cockeysville marble overlies the Setters formation on the flanks of anticlinal
arches in Baltimore County, where it forms valleys between the ridges of the Setters
formation and hills underlain by the Wissahickon formation. It enters the southeast
corner of Carroll County from Baltimore County, where it parallels the west and
north sides of the Setters formation in the Woodstock anticline, and forms a narrow
valley which extends southwestward into Howard County at Marriottsville. It was
formerly quarried and the rock was burned for lime at quarries south of North Branch
of the Patapsco River and north of South Branch.

The Cockeysville marble is a completely crystalline white marble of variable grain,
ranging from fine-grained to a coarse sugary texture. It is dolomitic in part and
contains bronzy mica, usually concentrated in layers, accessory feldspar and quartz,
and such metamorphic minerals as tremolite and diopside. Pressure effects are
shown in the polysynthetic twinning of the calcite, gridiron structure of the micro-
cline, and strain shadows in the quartz. Analyses of the Cockeysville marble are
given in the report on Baltimore County.®

The thickness of the Cockeysville marble cannot be measured because of the
lack of exposures. In Minebank Valley, Baltimore County, the thickness was es-
timated to be 400 feet.

Muscovite pegmatite intrudes the Cockeysville marble at its contact with the
overlying Wissahickon formation. The pegmatite enters Carroll County from
Baltimore County, crosses the county and passes southwestward into Howard
County.

Wissahickon Formation

The Wissahickon formation was named from Wissahickon Creek,* a tributary
to the Schuylkill River near Philadelphia, Pennsylvania. The Wissahickon forma-

4 Idem., p. 165.
# Bascom, Florence, Md. Geol. Surv. Cecil County Report, p. 104, 1902.
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tion has two mineralogical facies. One facies, called the oligoclase-mica schist, lies
southeast of the Peters Creek formation; the other, called the albite-chlorite schist
facies, lies northwest of the Peters Creek formation. The latter facies will be de-
scribed with the rocks of the Western sequence.

Oligoclase-Mica Schist Facies.—The oligoclase-mica schist facies occurs only in a
small area in the southeastern part of Carroll County, butis exposed over a large area
in Baltimore County. It is characterized by a strong intensity of metamorphism
and is similar to the Wissahickon mica gneiss of the type locality in Pennsylvania.
In Carroll County the oligoclase-mica schist occurs above the Cockeysville marble
on the west limb of the Woodstock anticline. It underlies rolling hilly country with
good outcrops along Patapsco River and its tributaries. The soil derived from the
mica schist is a deep clay, sparkling brilliantly with abundant flakes of mica.

The oligoclase-mica schist facies is a succession of mica schist and mica gneiss inter-
bedded with thin layers of impure quartzite. The mica schist beds are finely pli-
cated, and are coarse to medium grained. Biotite, muscovite, and quartz are domi-
nant constituents, associated with a variable content of oligoclase. The mica occurs
in large blades that spangle the cleavage surfaces and wrap around lenticular areas
of quartz or around large pink garnets, which are usually abundant. The gneissic
layers consist chiefly of quartz, biotite, oligoclase (AbnAng), and less abundant
orthoclase. Coarse-grained layers, in which quartz predominates, alternate with
fine-grained bands made up of biotite, plagioclase, and small interlocking grains of
interstitial quartz. Characteristic accessory minerals are garnet, apatite, zircon,
and magnetite. The quartzite layers are composed chiefly of recrystallized quartz,
fine-grained biotite, and a small amount of microcline feldspar. 1t contains the same
accessory minerals as the mica gneiss.

The oligoclase-mica schist shows by its complete recrystallization, its coarse micas,
and its content in Baltimore County of such minerals as garnet, staurolite, and
kyanite, that the crystalline condition has been developed by metamorphic agencies
at high temperature and under directed pressure. The aluminous silicates, stauro-
lite and kyanite, are minerals characteristic of metamorphism at high temperature.
The Wissahickon oligoclase-mica schist, like the underlying Setters formation and
Cockeysville marble, is closely folded, with recumbent folds, and no estimate of
thickness can be made.

Peters Creek Formation

The Peters Creek formation was named*? from its typical exposures along Peters
Creek, which flows into the Susquehanna River at Peach Bottom, Lancaster County,
Pa. It has been traced along the strike from Pennsylvania across Baltimore County,
Maryland, into Carroll County, where it underlies a belt 2 to 4 miles wide in the
southeastern part of the county. Its northwestern boundary at the Baltimore
County line is at Emory Church and extends S. 60° W. to South Branch of Patapsco
River at a point west of Hoods Mills, On the northwest side the Peters Creek
formation grades into the albite-chlorite schist facies of the Wissahickon, and the

47 Knopf, E. B., Jonas, A. I, Stratigraphy of the crystalline schists of Pennsylvania and Maryland.
Am. Jour. Sci., vol. 5, p. 46, 1923.
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boundary between these two formations has therefore been represented on the Carroll
County map by a dashed line. The Peters Creek formation lies northwest of the
oligoclase-mica schist facies of the Wissahickon formation on the northwest limb of
the Woodstock anticline. In Carroll County an intrusive body of serpentine lies
at the contact of these two formations.

The best exposures of the Peters Creek formation occur along North Branch of
Patapsco River south of Beaver Run, on Morgan Run near the Beaseman Road
where a quarry was opened for road material, and on the Baltimore and Ohio Railroad
west of Hoods Mills. The formation consists of a series of biotite-chlcrite-muscovite-
quartz schist, interbedded with biotite-chlorite quartzite containing garnet. Itis a
medium- to fine-grained, lustrous, grayish-green schist and quartzite containing
biotite, chlorite, epidote, muscovite, oligoclase, and albite, with accessory garnet,
magnetite, zircon, and apatite. East of Eldersburg it contains large garnets with
alteration rims of chlorite. Chlorite also fills cracks and surrounds relict cores of
garnet. Biotite also is altered to chlorite. The chlcritization of garnet and mica is a
retrogressive change which has altered minerals of high-rank metamorphism to
minerals of lower rank metamorphism. The zone of retrogression extends north-
eastward into and across Baltimore County. The quartzose beds have the same
constituents as the schist, with a greater proportion of quartz. Quartzite is not so
well developed in the Peters Creek formation in Carroll County as in the Susquehanna
region*® where the formation was named and where blue quartz grains are a prominent
constituent.

Analyses of the Peters Creek formation in Lancaster County, Pennsylvania, have
been given in a previous report4? Because of close folding and development of
cleavage, no estimate of the thickness of the formation can be made.

The Peters Creek formation occupies a syncline in which the foliation dips north-
west on the northwest side of the Woodstock anticline and southeastward in the region
west of Eldersburg. This syncline extends northeast across Baltimore and Harford
Counties, Maryland, and into Pennsylvania, where it was named the Peach Bottom
syncline because it contains there infolded Cardiff conglomerate and Peach Bottom
slate. The Cardiff conglomerate and Peach Bottom slate are regarded by the
writers®® as probably of Ordovician age.

WESTERN SEQUENCE OF CRYSTALLINE SCHISTS

General Statement.—The sequence of the crystalline schists that lie northwest of
the Peters Creek formation differs from the sequence east of that formation. In
southeastern Carroll County the oligoclase-mica schist facies of the Wissahickon
formation dips northwest under the Peters Creek formation, which is enclosed in the
Peach Bottom syncline. Northwest of the syncline the Wissahickon formation is
of a different metamorphic facies, the albite-chlorite schist facies. The albite-

¢ Knopf, E. B., Jonas, A. 1., Idem, pp. 36-37.

* Geology of the McCalls Ferry-Quarryville District, Pennsylvania. U. S. Geol. Surv., Bull. 799,
p. 37, 1929,

5 Stose, G. W., and Jonas, A. I., Geology and Mineral Resources of York County, Pennsylvania,
Penn. Geol. Surv., 4th series, Bull. C.67, p. 106, 1939,
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chlorite schist and the partially equivalent Marburg schist are underlain by a thick
series of volcanic flows and tuffaceous slates of basic and acidic composition.

The volcanic series comprises the Sams Creek metabasalt, Libertytown meta-
rhyolite, Ijamsville phyllite, and Urbana phyllite. The volcanic series is interbedded
with and overlain by quartzites. The Sugarloaf Mountain quartzite overlies the
Urbana phyllite. Quartzites occur also in the albite-chlorite schist of the Wissa-
hickon and the Marburg schist. The volcanic rocks overlie the Wakefield marble.
The Marburg schist overlies the Silver Run limestone, which may be equivalent to
the Wakefield marble.

The Wakefield marble, Silver Run limestone, some of the formations of the volcanic
series, and the Marburg schist were named by the writers™ and were mapped on the
geologic map of Frederick County. The metabasalt of the Frederick County map
is here named the Sams Creek metabasalt from a village of that name on the Carroll-
Frederick County line, and the metarhyolite is here named the Libertytown meta-
rhyolite from Libertytown, Frederick County.

When the geologic map of Carroll County was published in 1928, the Wakeﬁeld
marble was thought to be equivalent to the Cockeysville marble and was so named
on the geologic map. Because of lithologic resemblance to the Conestoga limestone,
the Silver Run limestone was tentatively regarded as Conestoga. The quartzites in-
folded with the Marburg schist in the vicinity of Wentz, were placed provisionally
in the Lower Cambrian, and the adjoining part of the formation now called Marburg
schist was called Harpers phyllite. Later work in Pennsylvania and in Carroll and
Frederick Counties, Maryland, has caused the writers to revise the earlier tentative
interpretation. Their later views are expressed on the geologic map of Frederick
County, which includes the western part of Carroll County, and in figure 4 of this
report.

Wakefield Marble

The Wakefield marble is associated with volcanic rocks, and the marble and
volcanic rocks underlie the albite-chlorite schist facies of the Wissahickon formation.
The Cockeysville marble overlies the Setters formation on the flanks of anticlines
exposing Baltimore gneiss, and does not have volcanic rocks associated with it.
Because of these differences in association, the name Wakefield has been applied to
the marble that underlies the volcanic rocks in Carroll and Frederick Counties.

The Waketfield marble and the associated volcanic rocks extend from the Maryland-
Pennsylvania State line in eastern Carroll County southwestward through West-
minster, and pass westward into Frederick County, where they form a belt over 10
miles wide east of the Frederick Valley. Triassic sedimentary rocks cover the marble
and volcanic rocks on their north side from a point 2 miles north of Union Bridge
westward to the vicinity of New Midway. In the area west of Shrivers Mill to
Linwood and extending south to Sams Creek, and in the area south of Union Bridge,
the marble occurs in several narrow parallel curving bands in the metabasalt, and the
repetition of curving bands appears to be stratigraphic and the marble and meta-

® Jonas, A. I., and Stose, G. W., New formation names used on the geologic map of Frederick
County, Maryland. Jour. Wash. Acad. Sci., vol. 28, no. 8, p. 346, 1938.
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basalt seem to be interbedded. However, the marble apparently does not merge
into the metabasalt or interfinger with it. ~The repetition of curving bands may be
the result of folding of previously formed isoclinal anticlines exposing narrow bands
of underlying Wakefield marble.

Wakefield marble exposed in two narrow areas in the eastern part of Carroll
County is directly overlain by the albite-chlorite schist facies of the Wissahickon
formation. The northern of these two areas extends from Gunpowder Falls south-
westward up a small tributary valley to Millers. The marble is poorly exposed, but
where it crops out on the west side of the valley it dips 15° NW. under the albite-
chlorite schist. Three miles south of Millers, the marble again crops out for a dis-
tance of 33 miles in the valley of East Branch of Patapsco River. The best ex-
posures in this area are in the vicinity of Hoffman’s Mill, where marble underlies
quartzite which lies at the base of the Wissahickon formation. The marble, quartz-
ite, and schist strike N. 30° E. and dip 15°NW. The outcrops near the mill show that
the marble is in the core of a recumbent anticline that pitches gently southwest, and
the marble passes beneath the Wissahickon formration at a point § mile south of the
mill. In these two eastern exposures of the marble, no volcanic rocks are present
between the Wakefield marble and the Wissahickon schist. It is assumed that this
belt lies southeast of the eastern edge of the volcanic flows and tuffs.

The western belt of Wakefield marble begins at the north edge of Carroll County
in the vicinity of Lineboro and extends southwestward in several narrow discon-
tinuous bands, in a belt 2} miles wide, for a distance of 18 miles to Warfieldsburg.
The marble has a linear outcrop which trends S. 35° W. Tt crops out in several
parallel areas that pass through Melrose, Ebbvale, and Bixler, on the northwest side
of Dug Hill Ridge, and along a narrow belt that lies on the southeast side of that
ridge, northwest of Manchester. Marble crops out also near Westminster, Spring
Mill, and southwestward to a point 2 miles northeast of Taylorsville. In this linear
belt, volcanic rocks commonly overlie the marble. Where the albite-chlorite schist
of the Wissahickon formation overlies the marble in this belt, the absence of volcanic
rocks is probably due to faulting.

In the region west and southwest of this linear belt, the Wakefield marble has a
curvilinear strike which is common to the associated rocks in that area. There the
Wakefield marble is repeated several times across the strike and is interbedded or
infolded with the volcanic rocks. From a point near Shrivers Mill, the marble trends
south and then curves northwest and west. This curving strike is repeated in a four-
fold series of curves. The southward curving belt of marble between Shrivers Mill
and Wakefield Mill is 3 miles long; that between New Windsor and Linwood is 6 miles
long. In the third curving belt the marble trends south from the neighborhood of
Union Bridge for a distance of 14 miles to a point 1 mile northeast of New Market.
In the southwestern patt of this belt, southwest of Unionville, the outcrops of marble
are discontinuous and irregular in trend. At the southwest end of this curving belt
the marble trends west and then curves north and northeast again. The western curv-
ing belt of marble passes through Libertytown and extends southwest to a point 2 miles
northwest of New Market. The northwest side of this marble belt passes through
Centerville and ends 1 mile northwest of that place, at a southwest-trending normal
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fault. Southwest of Libertytown, in the vicinity of New London and at the south-
west end of the curving belt, the marble outcrops are not continuous.

The sharply curving strike of the marble is made evident by the presence of alter-
nating parallel bands of marble and volcanic rocks and by the topographic pattern
produced by the differential resistance to solution and erosion of these two types
of rock. The series of parallel curving valleys and hills produced by erosion is es-
pecially well shown on the topographic map between Shrivers Mill and Union Bridge
and between New Windsor and Weldon. The curvilinear strike is due to the fact
that the fold axes are steeply inclined. Where the pitch of the fold is gentle, the
outcrop of the marble at the end of the fold is wide. This is well shown by the wide
expanse of marble in the Wakefield Valley, Priestland Valley, and in the valley west
of Union Bridge. At the ends of steeply pitching folds, the.outcrops are not so wide.
On the limbs of the folds, where the marble is greatly thinned by intense compression,
the outcrops are commonly narrow and the marble is squeezed out in places. The
marble occupies valleys. The expo ures are not continuous because of deep solution
and soil cover (Pl. 11C). On the map of Frederick County marble is mapped where
it crops out, and its probable continuation along the strike in valleys between ex-
posures is indicated by a dashed black line. Marble may be present but not exposed
in these strike valleys, or it may have been squeezed out into lenses during intense
compression, so that it now occurs in discontinuous areas.

An isolated inlier of marble and Sams Creek metabasalt in the Marburg schist is
exposed southeast of Ridgeville, Carroll County. In the cut of the Baltimore and
Ohio Railroad, just east of the tunne! through Parrs Ridge, green marble is exposed
in an anticline beneath green albite schist and interbedded blue slate, which are
mapped as metabasalt. The marble is exposed for a distance of 20 feet in the railroad
cut and cannot be traced along the strike. Both the marble and blue slate contain
pyrite, which weathers to red iron oxide specks.

In the region northeast of Bachman Mills, the marble has weathered to a white or
blue clay and rarely crops out. In the vicinity of Ebbvale and northeast of Melrose,
where deposits of iron ore at the contact of the marble and volcanic rocks have been
mined at many places, residual clay is exposed in most of the mines and marble is seen
in only a few of them. Elsewhere the weathered marble has a dark-brown skin and
weathers to a deep-red granular clay soil, as may be seen in the Wakefield and Priest-
land Valleys.

The marble is everywhere closely folded. In the linear belt that extends from the
vicinity of Taylorsville and Shrivers Mill northeast to the Maryland-Pennsylvania
State line, the folds are overturned to the southeast and the marble dips northwest.
West and southwest of a point near Medford, the folds are overturned to the north-
west and the beds dip southeast. The marble occupies valley floors, and only in a few
places crops out on or near hilltops. The marble crops out on either the southeast
or northwest side of a valley, depending on whether the dips are southeast or north-
west respectively and the marble is protected from erosion and solution by the over-
lying volcanic rocks. For this reason marble quarries are located on the side of the
valley where the marble is overlain by volcanics that dip away from the valley.
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The marble-volcanic contact therefore is not generally exposed on the side of a valley
where the rocks dip into the valley. Plate 12A shows a marble quarry southwest of
Spring Mills where the marble dips northwest and has been quarried on the east face
of a hill formed by Sams Creek metabasalt.

Marble is well exposed in road and stream cuts and in many quarries, most of
which are no longer worked. Some of these quarries are described by Mathews
and Grasty.®? The general distribution of the marble and the location of quarries
is shown in plate 27 of their report.

The thickest section of marble is exposed in the John S. Hyde quarry, located in a
marble valley one-half mile wide, at a point one-half mile southwest of Wakefield
Mills. The marble dips 40° SE. The top beds on the northwest side of the quarry,
near the Sams Creek metabasalt, are mottled pink, green, and white marble. The
lower beds, which are quarried, are fine-grained white and gray-banded marble.
Wakefield marble is well exposed in the quarries of the Lehigh Portland Cement
Company, formerly operated by the Tidewater Portland Cement Co., at Union
Bridge. The quarries are south of Little Pipe Creek in Frederick County. The
marble there strikes N. 10° E. and dips 45° SE. It is infolded or interbedded with
volcanic rocks, and on the east side dips under blue and purple volcanic slate that
makes a hill east of the northern and oldest quarry. The quarry that was worked in
1936 lies south of a fault which locally, at the quarry, strikes N. 70° E. The fault
offsets the formations so that the rocks south of the fault have been moved east in
respect to those on the north side. The fault is marked by a breccia of marble and
slate in a zone in which the rocks are slickensided and kneaded.

The Wakefield marble in outcrops near Millers and Hoffman’s Mill, Carroll
County, is a crystalline, blue marble containing blue quartz grains. Schistose layers
in the marble contain muscovite and chlorite. The marble weathers to a rusty,
earthy, siliceous skeleton. Throughout most of Carroll and Frederick Counties,
the Wakefield marble is a pure, white, finely crystalline marble composed of calcite
or dolomite with few impurities. The beds near the contact with the volcanic rocks
are white or blue marble, mottled with pink and green. Marble exposed in a quarry
and in road cuts at Linganore, Frederick County, contains quartz grains and in that
respect resembles the marble near Millers and Hoffman’s Mill. The marble at
Linganore is white and contains interbedded white quartzite. The mottled marble
has been called “variegated’ or “calico” limestone® or “‘copper” marble. It may be
as much as 50 feet thick. The variegated marble crops out widely in western Carroll
County and in Frederick County where outcrops are shallow and the lower beds of
white marble are not exposed. Blue banded marble is interbedded with white marble
in some places and is of common occurrence in the region northeast of Westminister.
The following section was measured in that area in a quarry located one mile south-
west of Bixler. There, the marble strikes N. 30° E. and dips 70° NW.

2 Mathews, Edward B., and Grasty, J. S., op. cit. Md. Geol. Surv., vol. 8, pt. 3, pp. 350-377,
1909.
53 Mathews, Edward B., and Grasty, J. S, op. cit., p. 353, 1909.
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Section of Wakefield Marble in a Quarry 1 Mile Southwest of Bixler
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Greenish-blue volcanic slate, with a 3 foot layer of sheared blue marble and purple
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