
67 

M A P P I N G O F G E O L O G I C F O R M A T I O N S B Y T H E 
A P P L I C A T I O N O F A E R I A L P H O T O G R A P H Y 

W i l l i a m F . Browning, J r . , Research Assistant 
Virginia Council of Highway Investigation and Research 

SYNOPSIS 

Previously generalized parent-material areas have been mapped success fu l ly 
by the application of a e r i a l photographs. This project i s unique in that geo­
logic formations have been mapped by this method. 

This paper describes the geologic mapping of an area in the Ridge and Valley 
Province of centra l Augusta County, V i r g i n i a The rocks are of sedimentary 
o r i g i n with a few igneous i n t r u s i v e s , shale , limestone, and sandstone being 
the predominant rock types. The formations are of late Cambrian and Ordovician 
age. Some of the limestone formations have a high calcium content, with l i t t l e 
impurities; others contain much chert and argilaceous material . For this reason 
separation of these formations was desirable . 

Key formations with known physical c h a r a c t e r i s t i c s and chemical composition 
produced d i s t i n c t i v e airphoto pat terns , the r e p e t i t i v e nature of which made 
possible the delineation of each formation. As an example, one formation con­
tained much chert; upon weathering kno l l s and rounded h i l l s resu l ted . These 
features stood out from surrounding topography maki ng the formation easy to 
trace . Another formation high in calcium was found to occupy low topography. 
This too was delineated. By knowing the re la t ive posit ion of these key forma­
tions in s trat igraphic sequence other formations thus f e l l into place. 

Representative samples of s o i l s and aggregates were obtained and routine 
tests were performed. Results of these tests were tabulated so that the extent 
of formations containing both suitable and unsuitable materials would be known. 

This paper describes the procedure, methods, and r e s u l t s of the application 
of a e r i a l photography to geologic mapping. The successful application of th i s 
technique has been proven. I t s extension to other areas i s indicated. 

Since the year 1858 when the f i r s t aer- way performance studies, t r a f f i c studies , 
l a l photograph was taken (22), aer ia l pho- l o c a t i o n o f dams and r e s e r v i o r s i t e s , 
topography has contributed much to the ad- drainage and watershed problems, i r r i g a -
vancement of science and industry. A i r - tionnl projects, c i ty and regional planning, 
photos were used by the U . S . Coast and A e r i a l photographs have been used to 
Geodetic Survey as e a r l y as 1920. Soon some extent in geology for determining 
a f t e r t h i s the United Sta tes Geological s t r u c t u r a l features (16) ; but p r i n c i p l y 
Survey began us ing them in making topo- they have been used as a base map for f i e ld 
graphic maps and i n 1933 airphotos were work. As far as can be determined to date, 
applied in s o i l s conservation work (23) . airphoto interpretat ion has not been u t i -
M i l i t a r y forces have used airphotos quite l ized for preparing stratigraphy maps, i . e . , 
extensively and the greater portion of a l l maps showing the extent of and naming geo-
m i l i t a r y and naval in t e l l i gence i s based logic formations in the correct age sequence, 
on their interpretation (10). I t i s the purpose of th is paper to dem-

Today aerial photographs have many uses, onstrate the appl icat ion of airphoto i n -
Some of the most notable are in fores try t e r p r e t a t i o n to g e o l o g i c a l mapping of 
and i n many phases of engineering work, sedimentary s trata . The project was i n i t i -
Some of the engineering uses are m highway, ated as a research problem for the Virginia 
airport, and railway locations and in h i ^ - Department of Highways and also as a thesis 



I I I M I f U p l ^ l l l 

•ipvun '110 — 
^ s = j 1=1 F l usuie 

<DH^BlH ' j o u j j J d 

HOiiirHUOd noons-is 

NOIlVmiOi a3d3i-ind3H0 

NOIlVnUOi 3n0V3H9000N00 

( • n t o » | 9 C 3 0 i i 0 9 u l l 390111 3NOieON<B NOIiVUHOJ KMOlNVNXJig I 1 

( u u t u B i i i K t g III) i-ioN> i iasHO aivKS ouneCNiiBVM « S I I3H1V 

GaAienmNi sno3iio| aivHS S N S H I V 

NOIlVnUOd m3HS0»-810N31 

DiujBJiA 'A4uno3 oisnBnv | 0 uoiiJOd D | 0 dow siBopoo 



69 

MMMl. PMYSIOWÂ IC PMOVINCIS 
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F i g u r e 1. Map o f V i r g i n i a showing r e l a t i o n s h i p o f area i n v e s t i g a t e d to 
p h y s i o g r a p h i c p r o v i n c e s . 

F i g u r e 2. T y p i c a ] shaJe topography . N o t i c e rounded broad h i l l s and g u l l y system. 

in ()artia] f u l f i l l m e n t for a master's de­
gree i n peology at the U n i v e r s i t y of 
Virginia . 

Before beginning this study a survey of 
a i l exis t ing l i t e ra tu re pertaining to the 
investigation was made, included was geol­
ogy, pedology, and airphoto techniques. 

After completing this i n i t i a l l i terature 
survey the airphotos were assembled as a 
moziac and studied to provide an overall 
area] picture. On this mozaic were traced 
generalized boundaries of areas which were 

strikinp-Jy different an<! features tl'at were 
obvious. Refinement of these genera] 
borders was accomp] i.shed by stereoscopic 
study of individual p}ioto pairs. Subse­
quent f i e l d work provided correlat ion of 
the. geologic formation with airplioto pat­
terns. 

. . LOCATIOS . . • . 

The area discussed in this paper i s in 
the central portion of Augusta County and 
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comprises approximately 200 sq. mi. (See 
F ig . 1.) TTiis area i s in the Great Valley 
of the Appalachian Ridge and Valley Physio­
graphic Province, bounded on the east by 
the Blue Ridge Province and on the west by 
the Appalachian Plateaus Province. 

CLIMATE 

The county i s s i tuated in a humid-tem­
perate c l imate . An average annual pre­
c i p i t a t i o n of about 38 i n . i s d i s t r ibutrd 
throughout the year. Heaviest r a i n f a l l 
occurs from May to August and the greatest 
snowfa l l i n January and February . The 
average temperature in summer i s 70 F . or 
more, whereas in the winter the temperature 
averages approximately 37 F . The preva i l ­
ing wind direct ion throughout the year i s 
southwestward, m l ine with the s t r i k e of 
the s trata and of the ridges. 

DRAINAGE 

Most streams drain northeastward into 
the Shenandoah R i v e r , thence i n t o the 
Potomac River; however, the southwest por­
tion of this area i s drained by tr ibutaries 
of the James R i v e r . Streams of the area 
have a t r e l l i s regional drainage pattern, 
p r i n c i p a l water courses being of subse­
quent o r i g i n . Perenia l gu l ly s , of rese-
quent origin, loca l ly form dendritic drain­
age patterns. 

In limestone areas drainage i s internal 
through s inkholes and caverns formed by 
percolating waters through bedding planes, 
shaly partings, points, fractures and other 
structural openings. 

TOPOGRAPHIC FEATURES 

The general r e l i e f of Augusta County i s 
that of a broad r e l a t i v e l y smooth va l l ey 
flanked both on the east and west by high 
mountains. Within t h i s so - ca l l ed va l l ey 
certain erosional features are d is t inct ive . 
Over broad areas the t erra in features are 
those of a s inkhole - s tudded plain; but 
loca l ly other surface expressions included 
are: elongated knol ls ; discontinuous low 
r i d g e s , rounded c o n i c a l h i l l o c k s ; and 
smoothly undulating landscape. The e l e ­

vation above sea level i n this area ranges 
from 1,200 to 2,200 f t . 

GEOLOGY 

Sedimentary s t r a t a of P a l e o z o i c age 
underlie the a r e a . Ranging from Upper 
Cambrain to Middle Ordovician the rock con­
s i s t s of dolomite, limestone, sandstone and 
shale . Table 1 describes the l i thology, 
age, and th ickness of these formations. 
These s t r a t a , deposited in large in land 
seas mi l l i ons of years ago, were great ly 
s t r e s s e d at the c l o s e of the P a l e o z o i c 
Era by crustal movements. Resultant fo ld­
ing incl ined the s trata forming ant ic l ines 
and s y n c l i n e s . The major s t r u c t u r e de­
veloped was the Massanutten Syncline which 
plunges under north of G r e e n v i l l e , V i r ­
g in ia . The western limb of th is syncl ine 
i s exposed in the area invest igated, i t s ' 
axial trough i s f i l l e d by Martmsburg shale. 
During deformation s t r a t a were disrupted 
by a major thrust fault , the Staunton Fault , 
which extends northeastward across the 
area. Older s t ra ta have been thrust upon 
strata of younger age. Subsequent erosion, 
fol lowing t h i s folding and f a u l t i n g , ex­
posed resistant s trata . 

DEVIOUS INVESTIGATICNS 

G e o l o g i c a l work done p r e v i o u s l y i n 
Augusta County, has been of a general na­
ture only. Che of the workers was William 
Barton Rogers, who with h i s brother H. D. 
Rogers, was the f i r s t to interpret correctly 
s t r u c t u r a l geology of the Val l ey of V i r ­
g in ia (18) . I n 1911 a geological map of 
V i r g i n i a was published by Dr. Thomas L . 
Watson, then director of the Virg in ia Geo­
logical Survey. In 1928 the current geo­
logic map was published under the direction 
of G. W. Stose. 

One publ icat ion of Dr. Char les Butts , 
on the Appalachian Valley of V i r g i n i a (2) , 
contains a concise summary of the character 
of each of the formations together with a 
geologic map. Another of h i s publications 
on this same area consists of a descriptive 
text, in two parts, including i l lu s t ra t ions 
of stratigraphy, geologic s tructure , geo­
l o g i c h i s t o r y , and index f o s s i l s ( 3 ) . 

A l a t e r publ icat ion by Dr. Raymond S. 
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hdmundson gives accurate information on 
the location, thickness and chemical com­
position of important industrial limestones 
and dolomites of the Appalachian Valley of 
Virginia ( 7 ) . 

DISCUSSIOM OF RESULTS • . "< 

In studying aerial photographs stereo-
scopically, minute differences are observed. 
These differences constitute airphoto pat­
terns of several so-called pattern elements, 
i n c l u d i n g : landforrr, regional drainage 
pattern, gully cross-section and gradiants, 
s o i l color tones, vegetat ion, man made 
features, and breaks in stream coarses. 
Much has been done in correlating airphoto 
pattern elements with d i f f e r i n g material 
types; but for t h i s study these pattern 
elements have been correlated with i n d i ­
vidual geologic formations. 

The several forn ations of the area i n ­
vestigated liave d i s t ingu i sh ing features 
that are evident on aer ia l photographs. 
A detailed discussion of these formations 
with their characteristic airpV.oto patterns 
is given as follows: 

i . Athens and ^'artinsburg formations, 
of middle Ordoviciaii age, are predominantly 
shale and calcareous sliale, the Athens 
containing iiiterbedded limestone. Figure 6 
shows an outcropping of t h i s l inestone. 

F i g u r e 3 . A i r p h o t o s h o w i n g c o n t a c t o f 
A t h e n s and M a r t i n s b u r g s h a l e (Oamb) and 

L e n o i r - Mos l i e im L i m e s t o n e ( 0 1 m ) . 

F i g u r e 4. Photo showing meander ing s t ream 
c o u r s e t y p i c a l o f u n i f o r m s o f t s h a l e . 

Both of these formations were found to be 
characterized by low subdued topography. 
Streams develop a meandering course and 
have a smooth round cross-section, i n d i ­
cat ive of a uniform s o f t mate r ia l . (See 
Fig. 4.) Interstream divides are broad, 
rounded and very smooth. Gradients are 
f l a t and uniform. In Figure 2 may be noted 
th is typical shale topography. Figure 3 
shows t h i s same topography as seen on an 
aer ia l photograph. Here i t may be seen 
that the shale d i f f e r s great ly from the 
limestone. As compared to the limestone 
area shale i s much more dissected, the 
shale being a uni form s o f t e r mate r ia l 
weathering only by surface water action 
and the limestone weathering mostly by 
solut ion. Figures 5 and 7 show the d i f ­
ferences i n drainage of these d i f f e r i n g 
rock types. Also, in Figure 5 a break in 
the stream course passing from limestone 
to shale may be noticed. The color tones 
of the shale are darker than those of the 
adjacent nreas, indicat ing the impervious-
ness of the shales (Fig. 3). Tliese shales 
are bounded below by older linestone strata 
and may be dist inguished from the other 
formations by the evidences mentioned above. 

2. The Nosheirr and Lenoir formations 
occur conformably below the Athens shale. 
The Lenoir, which over l ies the Viosheim is 
a thick-bedded, medium grained, dark-gray 
limestone containing th in ly bedded chert. 
The Mosheim i s a glassy-textured chemi­
cally-pure limestone. 

Due to bedded chert, the Lenoir upon 
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F i g u r e 5. Dra inage c r o s s i n g l i m e s t o n e i n t o 
younger s h a l e s t r a t a . N o t i c e s t r e a m p a t ­
t e r n and change o f s t r e a m course e n t e r i n g 

s h a l e . 

weathering resulted in low elongated knolls, 
as may he seen in Figure 12. .These knolls 
have a rounded top and steep slopes. So­
lut ion is not i n great evidence, however, a 
few scattered sink holes were noticed on 
top of these knol ls . These probably were 
at the contact of the Mosheim and Lenoir, 
since there is a great difference in l i t h -
ology. Numerous water gaps are found cut­
t ing across the strata. Streams paral lel 
both edges of this formation and cut across 
the gaps. Comparing these knolls to sand­
stone ridges developed i n a nearby f o r ­
mation i t was noticed that the Lenoir-
Mosheim knolls were more rounded and less 
covered by forest growth. 

The Mosheim, being a high-calcium lime­
stone, i s quarried extensively for indus­
t r i a l l ime , and i t may be no t i ced i n 

Figure 9 that quarries fol low the s t r ike 
of this strata. EXie to the excessive chert 
content the Lenoir-Mosheitr formation had 
color tones which were l i g h t e r than the 
adjacent formations as seen in Figure 10. 
Figure 11 shows one of the structures in 
this area. The strata i s seen on the a i r ­
photo to bend around and change i n i t s 
d ip , ind ica t ing a syncline. Of in teres t 
also in the pocket of Lenoir-Mosheim within 
the axis of the syncline. This i s due to 
minor local fo lding of the Lenoir-Mosheim 
formations. Tlie break i n stream course 
and topographic r e l a t i o n s are the main 
c r i t e r i a used i n determining the boun­
daries of this formation. 

F i g u r e 6. O u t c r o p p i n g o f Athens l i m e s t o n e . 
Note s l a b l i k e s t r u c t u r e . 

Figu re 7. Dra inage o f l i m e s t o n e and s h a l e . 
N o t i c e b reak i n s t r eam course on e n t e r i n g 
t h e s h a l e s t r a t a and t h e r e l a t i o n o f the 

s t r e a m s on t h e g e o l o g i c f o r m a t i o n s . 

3. The Beekmantown formation occurs 
below the Mosheim formation. This i s a 
dark-blue compact limestone interbedded 
with dolomite. Great pockets of spongy 
chert contained i n the formation results 
in large conical h i l l s that stand out pro-
nouncely above the t e r r a in . These h i l l s 
slope steeply and are covered by fores t 
growth (Fig . 13). Streams that traverse 
this area develop a t r e l l i s pattern, major 
streams paral lel ing the str ike with t r ibu ­
taries cutting in at r ight angles (see Fig. 
14). Only a few scattered sinkholes occur 
in the Beekmantown, for on the whole this 
limestone is resistant to solution. Ind i ­
ca t ive of t h i s are rocky streams beds. 
Streams that cross this formation break at 
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F i g u r e 8. D r a i n a g e o f l i m e s t o n e s t r a t a . 
N o t i c e the a l i g n m e n t o f the s t ream w i t h the 

s t r i k e o f t h e s t r a t a . 

i t s boundary. Generally the color tones 
are mediun; to l igh t in intensity. 

4. The Chepul tepee formation occuring 
below the Deekmantown, contains pure lime­
stone and some dolomite both of which pro­
duce lower topography than adjacent strata 
(see Fig. 15). Streams crossing this for­
mation break in thei r course at the boun­
daries. Major streams follow the strike of 
the strata either at a contact with adja­
cent formations or through the center of 
the Chepul tepee. Figure 8 shows drainage 
crossing and para l le l ing the Chepultepee. 
Although streams usually flow i n f i l l e d 
channels scattered outcrops of bedrock 
occur. An absence of solut ion i s quite 
noticeable. 

5. Conoeoeheague, an upper Cambrian 
formation which underlies the Chepultepee, 
i s a thick-bedded, predominantly blue 
l imestone. Most d iagnos t ic fea tures , 
megascopically, of this formation are beds 
of coarse-grained sandstone and laminae of 
siliceous and clayey material , as seen in 
f igure 19. Eieds of sandstone, occuring as 
i r r e g u l a r l y d i s t r i b u t e d lenses, may be 
evident i n some l o c a l i t i e s but absent in 
others. 

\\liere these sandstone beds are steeply 
i n c l i n e d , weathering makes low but long 
sharply crested ridges (Fig. 20). Figure 
21 i l l u s t r a t e s the steepness of some of 
these sandstone ridges. Hiese ridges con­
form wi th the s t r i ke and where there i s 
flexure within a formation the ridges also 

bend (Fig. 17). These ridges are th ick ly 
covered with fores t growth, for they are 
too rocky and steep to farm ( F i g . 16). 
Streams flow i n rocky channels along the 
strike of the strata and occasionally across 
the strata thus developing a regional t r e l ­
l i s drainage pattern. Sinkholes are nu­
merous i n certain parts of the formation. 
Hiese sinkholes are in line with each other 
and tend to he a b i t elongated (Fig. 18). 
Due to the i n t e r n a l drainage the Cono­
eoeheague loca l ly gives a mottled color. 

6. The El brook formation occurs below 
the Conoeoeheague formation. The El brook 

Ok 

F i g u r e 9. L e n o i r - M o s h e i m f o r m a t i o n (01m) . 
N o t i c e t h e f l e x u r e i n t h e s t r a t a and the 
q u a r r i e s f o l l o w i n g a l o n g the b o r d e r o f the 

f o r m a t i o n . . . 
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TABLE 1 

GEOLOGIC FORMATIONS IN AREA INVESTIGATED 

AGE TORMATION THICKNESS LITHOLOGY 

Middle 
Ordov ic ian 

Mart insburg 
Shale 

1, 500-3,000 Dark co lored c a l c a r e o u s sha le wi th interbed^ed^ 
l imestone. ^ 

Athens 
Shale 

600-5,000 + Black f i s s i l e sha le with black thin-bedded { i m ­
pact conchoidal l imestone and argillaceous-'^ 
b l u i s h l imestone. / ' 

Leno ir 
Limestone 

50-200 Fine to medium grained dark gray l imestone with 
th in beds of c h e r t . 

Mosheim 
L i mestone 

50-100 Glas sy ( v a u g n i t i c ) textured l imestone very pure 
l imestone ( c h e m i c a l l y ) . 

Lower 
Ordov ic ian 

Beekman town 
Limestone 

800-3, 200 Interbedded dolomite and l imestone - the l ime­
stone dominates the dolomite i n quant i ty -
contained in the l imestone are immense pockets 
of spongy c h e r t . 

Chepu1 tepee 
Limes tone 

400-500 Chemica l ly a r a t h e r pure l imestone with i n t e r ­
c a l a t e d beds of more or l e s s magnesium l ime­
stone and dolomite. The l imestone i s commonly 
th i ck bedded, blue and f i n e l y c r y s t a l l i n e with 
a few s i l i c e o u s p a r t i n g s . 

Upper 
Cambrain 

Conococheague 
Limestone 

E l brook 
Dolom i te 

1,200-2,000 

2 ,700-3 ,400 

Thick bedded blue l imestone « h i c h forms about 
75% of the formation most of the remainder being 
dolomite. The most d i a g n o s t i c f e a t u r e s are beds 
of coarse grained sandstone and laminae of s i l i ­
ceous and c layey m a t e r i a l . 

Interbedded c l a y e y l imestone and impure dolomite . 
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T A B L E 2 
S O I L T E S T R E S U L T S 

GEOLOGIC LKJUID PLASTICITY H. B. B. OPTIMUM OPTIMUM MODIFIED HORIZON DEPTH 
PORMATICVIS LIMIT INDEX SOIL CLASS­ MOISTURE DENSITY C B . R . * 

IFICATION INCHES 

36 10 A-4 (8) 21.8 102. 3 3 .5 A 0-10 
30 N-P A-4 (4 ) 20. 5 102 23. 3 A 0-10 
36 7 A-4 (8) 23. 5 95 10 A 0-10 
33 3 A-4 (4) 20.8 102 17 A 0-10 
35 6 A-4 (8 ) 0 A 0-10 
36 8 0 A-4 (8) 20. 3 98 .2 5 A 0-10 
55. 20 16.28 A-7-5 (14) B 10-50 

Elbrook 58 26 A-7-5 (18) 31. 3 88.8 9 B 10-50 
Dolomite 67 18 A-7-5 (16) 30.2 88 9 10 B 10-50 

46 9 A-5 (10) 22.8 99. 5 13.2 B 10-50 
51. 1 18.2 A-7 -5 (14) B 8-30 
55 13. 1 A-7-5 (11) B 8-30 
32 12 A-2-6 (1 ) 13.2 121 23.3 C 50-
38 11 A-6 (3) 17.7 108.8 7. 5 C 50-
35 8 A-4 (8) 20.8 100 6 7 C 50-
52.4 4. 1 A-5 (11) 25 93 16 C 30-
43 .5 14.46 A-7-6 (10) C 36-
48.80 23.48 A-7-6 (15) C 36-
24.60 9.72 A-4 (8) A 0-10 
28.8 4.2 A 0-10 
28 .4 11.8 A 0-10 

Conococh­ 42. 23 16.68 A-7-6 (11) B 10-50 
eague 45.40 24.65 A-7-6 (15) B 10-50 
Formation 47.8 13.8 B 10-50 

60.20 28.62 A-7-5 (19) C 50-
46. 30 23.76 A-7-6 (14) C 50-

Chepu1 tepee 34.30 12.06 A.6 (9) A 0-12 
Formation 58.84 26.81 B 12-48 
Beekman- 26.0 5. 39 A-4 (8 ) A 0-12 
town 25. 5 5 OS A-4 (6) A 0-12 
Formation 34.5 14. 5 A-6 (10) B 12-36 

38 14 A-6 (9) 21.7 99 .2 11.3 C 36-60 
31 9 A-4 (8) 17.1 110.2 15.8 C 36-60 

L e n o i r - 30.00 10.16 A-6 (8) A 0-8 
Mosheim 26.4 7 .65 A-4 (8 ) A 0-8 
Formation 32.70 10 A-4 (8) A 0-8 

67 38.08 A-7-6 (12) B 8-42 
51 18 A-7-6 (12) C 42-
51. 40 27.83 A-7-6 (17) C 42-
56.60 29. 33 A-7-6 (19) C 42-

Athens 30.20 6. 17 A-4 (8) A 0-8 
Formation 50.70 29.37 A-7-6 (18) B 8-40 

48.80 24.73 A-7-6 (16) C 40-

Modif ied C . B . R . i s based on 95 percent standard Proctor Compaction, 
the t e s t i s s tandard . 

the r e s t of 
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TABLE 3 

AGGBEGATE TEST RESULTS 

GEOLOGIC S P E C I F I C ABSORPTION SOUNDLESS LOS ANGELES LOS ANGELES QUALITY 

FORMATIONS (3WVITY LOSS GRADING LOSS (500 
R E V . ) GRADE 

Conococh- 2.72 .33 O.K. A 24.6 A 

eague 2.81 .05 O.K. A 22. 1 A 

Beekmantown 2.70 .26 O.K. A 30.3 A 

• 2.81 . 67 O.K. A 22.9 A 

L e n o i r - 2.73 .29 O.K. A 28.7 A 

Mosheim 2.74 . 19 O.K. A 26.0 A 

2.78 - - B 20.0 A 

2.76 - - B 27.0 A 

Chepultepee 2.83 - - B 24.0 A 

E l brook 2.81 - - A 14.2 A 

TABLE 4 

RESULTS OF ADHESION TESTS 

Courtesy of D i v i s i o n of T e s t s , V i r g i n i a Department of Highways 

GEOLOGIC FORMATIONS 

E l brook Conococheague Beekmantown L e n o i r -Mosheiro 

Sample Percent Adhesion Percent Adhesion Percen t Adhesion Percent Adhesion 

No. By (1 ) By (2) By By By By By By 

Weight Es t imate Weight Est ima te Weight Es t imate Weight E s t i m a t e 

1 76 95 63 80 79 85 51 90 

2 71 95 98 99 60 85 96 98 

3 27 85 33 80 69 95 83 98 

4 22 85 49 88 91 95 93 99 

5 43 88 82 95 67 95 71 95 

6 36 80 48 88 48 90 35 75 

7 36 85 61 85 76 90 

8 16 70 50 85 76 90 

9 47 90 91 98 
(1) Tested by Type I method, see Appendix, page 34. 

(2) Tes ted by Type I I method, see Appendix, page 36 
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Figure 10. Stereo p a i r showing Lenoir-Mosheim formations . 
. cp lor tone i s l i g h t e r than adjacent s t r a t a . 

Note s o i l 

F igure 11. S y n c l i n a l s t r u c t u r e showing the 
L e n o i r - M o s h e i m f o r m a t i o n s (01m) p l u n g i n g 
under the Beekmantown formation (Ob) . Note 
the pocket of (01m) w i t h i n the a x i s of the 
s y n c l i n e . T h i s i s due to l o c a l f o l d i n g of 

the L e n o i r - M o s h e i m f o r m a t i o n s . 

i s predominantly a dolomite, however lo­
cally i t contains considerable amount of 
thinly bedded argillaceous limestone or 
dolomite. 

Due to low solubility, the Elbrook also 
results in ridges; however, these are not 
as sharply crested or as extensive as the 

sandstone ridges of the Conococheague. 
Streams have a t re l l i s pattern and also a 
rocky bed. Because of the argillaceous 
materia] striations of parallel bands were 
noted on the airphotos. 

I t may be seen from this brief dis­
cussion that al l of these formations have 
character i s t ic features distinguishing 
them from one another. Figure 23 shows 
characteristic topography of each formation. 

The Staunton Faul t extends northeastward 
across the area. Cri ter ia aiding in the 
tracing of the fault were many. A large 
brecciated zone i s in the fault area. 
Because of this zone selective erosion 
dominated and therefore the fault occurred 
in valleys and other low places. Along 
this fault Elbrook strata of Upper Gunbrian 
age have been shoved up on Beekmantown 

F i g u r e 12. Leno ir -Moshe im k n o l l s t r i k i n g 
a c r o s s a r o a d . 
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Figure 13. K n o l l w i th in the Beekmantown formation. Not ice f o r e s t growth on the s l o p e s . 

F i g u r e 14. Dra inage and a i r p h o t o showing 
e x t e n t of f o r m a t i o n s . N o t i c e strearn f o l -

lowing s t r i k e of the s t r a t a . 

F i g u r e 15. Photo showing break i n topog­
raphy between the C h e p u l t e p e c l i m e s t o n e 
(Och) and Conococheague l i m e s tone (Oc) on 
the l e f t and the Beekmantown l imes tone on 

the r i g h t . 

F i g u r e 16. A i r p h o t o s h o w i n g s y n c l i n e 
plunging southwestward. Notice convergance 
of sandstone r i d g e s (wooded a r e a s ) w i t h i n 

the Conococheague l i m e s t o n e . ( O c ) . 

strata of Lower Ordovician age - although 
the E]brook occurs normally below the Con­
ococheague. Airphoto patterns of these 
fonnations, as mentioned previously, aided 
in pointing out the horizontal trace of 
this fault. Figure 24 shows a structure 
section indicating the attitude of the 
fault and formations. 



SOILS AND AGGREGATES 

Since the geologic formations m the 
area investigated d i f f e r in their chemical 
and physical make-up, they produce d i s ­
t inc t ive and d i f f e r en t soi ls upon weather­
ing . The s o i l s being mature i n age are 
well developed and show d is t inc t horizons. 
The f o l l o w i n g , m table form gives the 
geologic formations with their correspond­
ing soils and horizons-
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This c lass i f ica t ion i s based solely on the 
Los Angles Abrasion Test, as used by the 
Virgin ia Department of Highways, Division 
of Tests, Grade A being less than 40 percent 
loss on abrasion a f t e r 500 revolut ions . 

Table 4 shows results of adhesion tests 
made on aggregates taken from the various 
formations. This test, which i s reiterated 
m the Appendix, was developed and adopted 
for use by the Virginia Department of High­
ways, Division of Tests. 

1. Martinsburg shale - Berks soils 
A horizon - s i l t from - 0 i n , to 7 i n . 
B horizon - b r i t t l e s i l t y clay - 7 i n . to 18 i n . 
C horizon - s i l t y clay - 18 + i n . 

2. Athens shale - V '̂estmoreland soil 
A horizon - clayey s i l t - 0 i n . to 10 i n . 
B horizon - plastic s i l t - c l ay - 10 i n . to 48 i n . 
C horizon - s i l t y clay - 48 + i n . 

3. Lenoir-Mosheim formation - Garksv i l le soils 
A horizon - s i l t - 0 i n . to 10 i n . 
B horizon - s t i f f b r i t t l e s i l t y clay - 10 i n . to 34 i n . 
C horizon - s i l t y clay containing chert fragments - 34 + i n . 

4. Beekmantown formation - Clarksvil le soils (mentioned previously) and Frederick soils 
A horizon - s i l t and c l ay - s i l t - 0 i n . to 14 i n . 
B horizon - elastic s i l t y clay - 14 i n . to 50 i n . 
C horizon - crumbly elastic s i l t y clay containing chert - 50 + i n . 

5. Oiepultepee formation - Hagerstown soi l 
A horizon - s i l t and c l ay - s i l t - 0 i n . to 14 i n . 
B horizon - elast ic s i l t y clay - 14 i n . to 50 i n . 
C horizon - cnmibly elastic s i l t y clay - 50 + i n . 

6. Conococheague formaticm - Garksv i l le and Frederick soi ls (mentioned previously). 
7. Elbrook dolomite - Frederick, Garksv i l l e , and Hagerstown soils (mentioned 

previously). 

Results of tests made upon so i l s from 
the various formations i s shown i n Table 
2. Table 3 includes results of tests made 
on aggregate samples from the various for­
mations. Some o f the samples selected 
contained chert which may be detrimental 
to highway construct ional work. I t has 
been established that chert i s a deleter­
ious constituent i n coarse aggregate f o r 
concrete. Also aggregate containing chert 
i s conducive to s t r i p p i n g i n bituminous 
material. These samples tested as (jrade A. 

SUMMARY AND OONCLUSICNS 

Geologic mapping may be accomplished by 
the application of aerial photography. In 
studying airphoto pairs stereoscopically, 
the in terpre tor sees the land surface as 
i f f l y i n g over in an airplane. Features 
that are d i s t inc t ly d i f ferent were observed 
and marked on the airphoto. As the work 
progressed i t was found that these features 
had a d i rec t relat ionship to the geologic 
formation and upon their repeti t ive nature 
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• 
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F i g u r e 17. Airphoto showing f e a t u r e s used 
i n d i f f e r e n t i a t i n g geo log i c f o r m a t i o n s i n 
the area i n v e s t i g a t e d . Notice cherty k n o l l s 
( e n c i r c l e d a r e a s ) i n Beekmantown formation 
(Ob) and the s a n d s t o n e r i d g e s ( a l s o e n ­
c i r c l e d ) i n the Conococheague f o r m a t i o n . 

F i g u r e 19. T h i n laminae of a r g i l l a c e o u s 
m a t e r i a l w i t h i n the Conococheague l imestone . 

made possible the delineation of each geo­
logic formation. 

A suiranation of the conclusions reached 
from this study i s given as follows: (1) 

..... ^ 

Figure 18. S inkho les w i th in the Conococheague l imestone. Notice the e longat ion and 
alignment of the s i n k h o l e s . T h i s i s t y p i c a l of t i l t e d l imestone s t r a t a . 
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Figure 20. Sandstone r i d g e s w i t h i n the Conococheague l imestone . 

F i g u r e 21. Photo showing s t eep s l ope of 
sands tone r i d g e . 

Differing material types present distinc­
tive unlike airphoto patterns; (2) There i s 
a definite relationship of airphoto pat­
terns to geologic fomiations, reoccurrence 
of a pattern is indicative that i t ' s as­
sociated formation likewise repeats; (3) 
A much wider coverage of an area may be 
witnessed on an aerial photograph than can 
be seen on the ground, thus considerable 
time i s saved by applying this method; 
(4) Local details such as folds and faults 
are evident on aerial photographs; (5) 
Aerial photographs are excellent as a base 
map for they contain a l l land features and 
map culture, in essence aerial photographs 
are minitures of the actual land surface; 
(6) Field checks are necessary for cor­
relation of airphoto patterns to geologic 

f 

Figure 22. Element of vegeta l cover . Note 
wooded a r e a s t r e n d i n g i n a r e l a t i v e l y 
s t r a i g h t l i n e . T h e s e wooded a r e a s a r e 
a l o n g the s t e e p s l o p e s of the s a n d s t o n e 
s t r a t a w i t h i n the Conococheague format ion . 

formations; (7) I f undertaken correctly 
this method proves as accurate as f ie ld 
methods when mapping out the areal extent 
of formations, interpretor should be well 
versed in airphoto techniques and in ge­
ology; and (8) Application of this method 
can only be made where adjacent formations 
differ in their physical and chemical 
make-up. 



F i g u r e 23. S te reo p a i r showing c h e r t y h i l l s i n the Beekmantown f o r m a t i o n 
(Ob) , c h e r t y e l o n g a t e d k n o l l s i n the Leno i r -Moshe im f o r m a t i o n (01m) and 

sandstone r i d g e s i n the Conococheague f o r m a t i o n . _ _ 
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F i g u r e 24. A i r p h o t o showing Athens , Leno i r -Moshe im, Beekmantown, Conococheague and 
E l b r o o k f o r m a t i o n s and the S taun ton F a u l t . A l s o s t r u c t u r e s e c t i o n showing the a t t i ­
tude o f these f o r m a t i o n s . Note S taunton F a u l t (da rk l i n e ) , a n t i c l i n a l s t r u c t u r e , ' 

and o v e r t u r n e d S y n c l i n e . 
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A P P E N D I X 
ADHESION TEST ON AGGREGATES 

Procedure, Type I 

Hie following i s a general procedure for 
the Adhesion Test for Bituminous Materials, 
Type I . For specific information re la t ing 
to mixing procedure, curing period, e tc . , 
see the notes regarding each specific type 
of bituminous material. 

(1) F i f t y grams of Shady Dolomite Aggre­
gate,^ washed i n a d i s t i l l e d water^ having 
a minimum (dl of 6.3, air-dried for a mini­
mum of 24 hours, and graded to a size that 
100 percent passes a 3/8-in. sieve and i s 
r e t a ined on a 1 /4 - in . s ieve, sha l l be 
weighed i n t o an 8-oz. seamless t i n ,box. 
The aggregate shal l be thoroughly mixed 
and completely coated with two grams of the 
bituminous material being tested. To i n ­
sure that every p a r t i c l e i s completely 
coated, the thoroughness o f the mixing 
process shall be observed under an adequate 
l i g h t . At times i t may be helpful to place 
the t i n box on a hot plate for a few sec­
onds, while mixing. 

(2) The mixture shall then be trans­
ferred to a 600-cc. beaker containing 400 
cc. of d i s t i l l e d water at a temperature of 
25 C.+1.5 deg. C. (77 F.+3F.) having a mini­
mum pH of 6.3 and allowed to remain iimier-
sed fo r a period of from 15 to 18 hours. 

(3) Hie mixture shall then be removed 
from the beaker and placed on absorbent 
paper for a ir-drying. When dry the p a r t i ­
cles shall be immediately examined for un-
coated areas. The pa r t i c l e s containing 
uncoated areas shall be separated from those 
particles that are completely coated. Both 
shall then be weighed and the percentage of 
completely coated particles computed on the 
basis of total weight. 

(4) Any bituminous material which under 
the conditions of the test f a i l s to coat 
completely at least 90 percent by weight of 
the total shall be rejected. 

Samples o f the Shady Dolomite Aggregate 
for t e s t i n g p u r p o s e s may be s e c u r e d from 
the D i v i s i o n o f T e s t s , V i r g i n i a Department 
of Highways, Richmond, V i r g i n i a . 

NOTES ON PROCEDURE - STEP (1) WITH SPE­
CIFIC BIHJMINOUS MATERIALS -

(A) Cut-back Asphalts. fiC-2a and flC-Jo; 
and Emulsified Asphalts, (Inwiiscible Types) 
AEM-1, AEU-2. and AEM-3 - With these ma­
t e r i a l s the aggregate shal l be mixed at 
room temperature wi th two grams of the 
bituminous material which has been heated 
to 60 C. (140 F.) u n t i l a uniform coating 
results . The sample shall then be placed 
i n a constant temperature oven at 60 C. 
(140 F. ) and cured f o r a period o f one 
hour. CVi removing from the oven, the sam­
ple shall be remixed fo r about two minutes 
before being placed in the d i s t i l l e d water. 

(B) Asphalt Emulsions, AE-1. AE-2, AE-3. 
and AE-i - Prior to coating, the aggregate 
shall be heated in a constant temperature 
oven for one-half hour at 130 C. (266 F . ) . 
Two grams o f asphalt emulsion at room tem­
perature shall be weighed into another t i n 
box. The aggregate shall then be dropped 
in to th i s box and mixed. A f t e r complete 
coating, the mixture shal l be cured i n a 
constant temperature oven at 60 C. (140 F. ) 
f o r one hour. A f t e r t h i s curing period, 
the sample shall be remixed for about two 
minutes before being placed into the beaker 
of d i s t i l l e d water. 

(C) Hot Bituminous Materials, AP-0. AP-00, 
and Oh-1 - Approximately 10 grams of the 
asphaltic material shal1 be piaced in anoth­
er t i n box. The two boxes shall then be 
placed i n a constant temperature oven at 
130 C. (266 F.) for a one-half-hour period. 
Exactly 2 grams of the asphalt shall then 
be poured onto the aggregate i n the f i r s t 
t i n box and the materials thoroughly mixed. 
About two minutes should be allowed for the 
asphalt to set mixed. About 2 minutes 
should be allowed fo r the asphalt to set 
up, s t i r r i n g constantly during th is time. 
No curing period i s necessary before plac­
ing the sample in to the d i s t i l l e d water. 

D i s t i l l e d water of the proper pH s h a l l be 
obta ined by b o i l i n g and/or r e d i s t i l l a t i o n , 
and n o t by t h e u s e o f an e l e c t r o l y t e . 
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Procedure, Type I I 

Adhesion Test f o r Bituminous Materials, 
Type I I , i s designed to procure a H t u -
minous material that w i l l s a t i s f a c t o r i l y 
coat and adhere to wet and cold aggregates 
being used under severe and adverse weather 
conditions. The test procedure i s appl i ­
cable to Rapid Curing Cut-back Asphalts 
RC-2a and RC-3a; and Emulsified Asphalts, 
(Imriscible Types) AEW-1, AB'.-2, and AEM-3, 
and Tar PT-5. 

(1) F i f t y grams of the standard refer­
ence gravel^, washed i n a d i s t i l l e d water 
* having a minimum pH of 6.3, a i r - d r i e d 
for a minimum of 24 h r . , and graded to a 
size tha t 100 percent passes a 3 , 8 - i n . 
sieve and i s retained on a 1/4-in. sieve, 
shall be weighed in to an eight-ounce seam­
less t i n box and thoroughly wetted with one 
gram of d i s t i l l e d water. The wet aggregate 
shall be thoroughly mixed and completely 
coated with three grams of the bituminous 
material which has been heated to 60 C. 
(140 F.) The mixing process shall be per­
formed in adequate l igh t and the bituminous 
material shall sa t i s fac tor i ly coat 95 per­
cent of the surface area of the aggregate 
as determined by the v i sua l es t imat ion 
method. At times i t may be h e l p f u l to 
place the t i n box on a hot pla te fo r a 
few seconds while mixing. The mixture 
shal l then be placed i n a constant tem­
perature oven at 60 C. (140 F.) and cured 
f o r a period o f one hour. On removal 
from the oven, the sample shall be remixed 

for about two minutes to insure a uniform 
coating of the aggregate. 

(2) The sample shal l then be trans­
ferred to a 600-cc. beaker containing 400 
cc. of d i s t i l l e d water at a temperature of 
37.8 C. + 2 . 5 C. (100 F. + 5 F.) having 
a minimum pH of 6.3 and allowed to remain 
immersed for a period of from 15 to 18 hr. 

(3) At the end of the immersion period 
the sample shall be observed under water 
and the percentage of surface area of the 
aggregate remaining coated shall be evalu­
ated by visual estimation. 

(4) Any bituminous material which under 
the conditions of the test f a i l s to coat 
95 percent o f the surface area of the 
aggregate o r i g ina l l y or to retain 95 per­
cent coating of the surface area of the 
aggregate by visual estimation shall be 
rejected. 

Note: For a test on selective aggregate 
samples a standardized given bituminous 
material i s used. The asphalt used was 
RC-2 from the Mexican Petroleum Corporation. 

^ Samples of the s tandard r e f e r e n c e grave l 
(Commonwealth Sand and Grave l Company) for 
t e s t i n g p u r p o s e s may be s e c u r e d from the 
D i v i s i o n of T e s t s , V i r g i n i a Department of 
Highways, Hichmond, V i r g i n i a . 

^ D i s t i l l e d water of the minimum pH s h a l l 
be obtaiTied by b o i l i n g and/or r e d i s t i l l a ­
t i on , and not by the use of an e l e c t r o l y t e . 




