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PROCEDURES AND STUDIES IN PHOTOGEOLOGY

RECOGNITION CRITERIA OF IGNEOUS AND METAMORPHIC
ROCKS ON AERIAL PHOTOGRAPHS OF CHICHAGOF AND
KRUZOF ISLANDS, ‘SOUTHEASTERN. ALASKA

By J. S. Pomeroy

ABEBTRACT

Various aerial photographic recognition elements such as photographic tone,
vegetation, drainage characteristics, structural features, and topographic ex-
pression can be nsed to assist in the semidetailed reconnaissance field mapping
of a complex area of regionally and thermally metamorphosed rocks intruded
by several types of igneous rocks. Combinations of these recognition elements

- are effective in distinguishing the igneous and metamorphic rocks of Chichagof
and Kruzof Islands. Drainage character is one of the most reliable criteria.

. INTRODUCTION
PURPOSE

Field investigations: involving regional reconnaissance mapping
were conducted on Chichagof, Baranof, and Kruzof Islands during
the summer of 1961 (Loney and others, 1963). During the field season
- the suthor observed the usefulness of vertical aerial photographs in
studying ‘a .geologically- complex terrane. Because little has pre-
viously been written about photointerpretive aspects of specific
igneous-metamorphic terranes, it is the purpose of this paper to sum-
marize the photointerpretive features of the igneous and metamorphic
terrane of Chichagof and Kruzof Islands (fig. 28). Areas on
Chichagof Island which were mapped by other workers (Rossman,
1959; Lathram and others, 1959; Loney and others, 1963; Reed and
Coats, 1941) are not discussed here.
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RECOGNITION CRITERIA,. ROCKS ON AERIAL PHOTOGRAPHS 89

GEOLOGIC SKETCH

Rocks ranging in age from Silurian( ?) and Devonian (?) to Quater-
nary crop out on Chichagof and Kruzof Islands. Plutonic rocks are
abundant and constitute about 30 percent of the area discussed. Most
of the layered rocks are older than the intrusive bodies, and although
some of them are metamorphosed only slightly, most of them show the
- effects of either contact, regional, or dynamic metamorphism. In
many places the rock type is a result of more than one form of
metamorphism.

The area is complicated structurally by faulting and folding, and
some of the layered rock units have been isoclinally folded.

During the Pleistocene Epoch, an ice sheet from the north and
northeast covered all but the highest elevations of Chichagof and
Kruzof Islands, Aerial photographs indicate that the ice cover
reached a minimum elevation between 2,400 and 2,700 feet over a large
part of Chichagof Island and much less, below 1,900 feet, on Kruzof
Island. Glaciers no longer exist in the area, but the ubiquitous
cirques and U-shaped valleys are evidence that glaciation has occurred.

GEOGRAFPHY

The area is topographically representative of southeastern Alaska.
Mountains rise directly from the major inland waterways, and the
only low regions are the alluvial valleys which are best developed at
the heads of bays. Some peaks rise to elevations of slightly less than
4,000 feet.

An annual rainfall of more than 85 inches is a major climatic fea-
ture. During the winter the climate is usually moderate along the
shoreline, although a large amount of snow falls in the higher coun-
try. Summers are usually moist and cool; the daily temperature
during the summer seldom exceeds 60°-65°,

Hemlock and spruce are the dominant tree growth. DBrush, usually
alder, devilsclub, and berry bushes, is thick and impenetrable in some
places in the low areas. The elevation of the timberline varies but
is usually between 2,000 and 2,600 feet.

RECOGNITION ELEMENTS

In studying the aerial photographs of an igneous and metamorphic
terrane, different. recognition elements—photograph tone, vegetation,
topographic expression, drainage and erosional characteristics, as well
as the structural features of the rocks such as foliation and jointing—
canbeused. Some recognition elements are more valuable than others,
although any particular recognition element is more effective when
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other criteria are used with it. Complete interpretation is prevented
in many areas by an insufficient number of criteria.

CHICHAGOF ISLAND
SUMMARY OF GEOLOGY

The central and eastern parts of Chichagof Island are dominated
by several plutonic bodies composed principally of granodiorite,
tonalite, diorite, and gabbro but also containing small amounts of
syenite, monzonite, adamellite, trondhjemite, and norite (Loney and
others, 1963). These plutonic bodies have intruded and metamor-
phosed many of the Paleozoic and Mesozoic rocks. Large areas of
mixed migmabitic rocks lie adjacent to several plutonic bodies. Most
of the intrusive rocks are probably the same age as those of the Coast
Range batholith (Cretaceous), but a few may be older. Roof pend-
ants consist principally of intensely folded hornfels, marble, am-
phibolite, and schist. A belt of graywacke, argillite, conglomerate,
limestone, and marble crops out along the northeast edge of the area.
To the west is a thick section of nonplutonic rocks—mapped as several
distinct units—which range in age from Permian(?) and Triassic(?)
to Early Cretaceous. These units, some of which are nearly mono-
lithologic, consist of greenstone, marble, greenschist, phyllite, and
graywacke.

RECOGNITION CRITERIA OF METAMORPHIC ROCKS ON AERIAL
PHOTOGRAPHS

Marble is one of the major metamorphic rock types in the region.
Because marble is lighter in tone on the photographs than any other
metamorphic rock, it can be distinguished from other rock types
wherever it-is fairly homogeneous (fig. 29) ; marble is also generally
lighter in tone than intrusive rock. Depending on the scale of the
photographs or the magnification of the lens of the stereoscope, karst
features may be observed. In a few places where massive nonfoliated
marble occurs, it can be distinguished from other metamorphic rocks
which usually have conspicuous foliation traces. Also, joints appear
to be less developed in marble than in greenschist, phyllite, and
hornfels.

Marble usually supports a stand of forest that is denser than that
most characteristic of intrusive terranes. On eastern Chichagof
Island a wide belt of nearly homogeneous marble crops out along
Chatham Strait; a thick stand of forest obscures the area between
the shoreline and the few ridge crests above timberline where the
marble is exposed. Elsewhere in southeastern Alaska, marble sup-
ports a denser stand of evergreen forest than do other metamorphic
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Moune 29.—Tonal differences and drainage characteristics of metamorphic-igneous
terrane, Rust. Mountaln aren, Chichagof Island. Light-toned marble (A) ean
enslly be differentinted from adjacent metamorphic rocks. Extensive gullying as
at B is diagnostic of terrane underlain by plutonic rock. Greenstone (C) has
been intruded by granodlorite which erops out along mountain flank and along
ridge at D. A thin veneer of greenstone masks the granodiorite In places. Note
drainage in greenstone at E and probable fault searp at F,

708-385 0—63——2
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and intrusive rocks (Condon, 1961, p. 9, 14, 19; Ray, 1960, p. 135).
In the eastern part of the island, the small number of rills along the
ridge slopes indicates a low surface-drainage density in the marble,
where there is much greater subterranean drainage through solution
channels.

Fine-grained mafic igneous rocks and metamorphic derivatives of
pelitic sedimentary rocks such as phyllite usually have a fine-textured,
or high, drainage density (fig. 30), but the drainage density of coarser
grained derivatives such as gneisses or quartzofeldspathic schists and
amphibolites is often much less (fig. 31). When discussing gully
characteristics associated with the erosion of different materials,
Lueder (1959, p. 69) writes about one type of gully which develops in
very small grained cohesive materials that are low in porosity. These
gullies have long and wide channels, a moderate to large number of
branches, and a fairly uniform gradient. This type of gully is typical
of many of the fine-grained metamorphic rocks.

Practically all the observed drainage of both metamorphic and
igneous terranes is imposed upon a thin regolith. Research workers
at Purdue University (1953, p. 16) found that gully characteristics
of the major soil textural groups become nondistinctive and also that
combinations are found when the soil has a “strong” or well-developed
profile. Conversely, a thin soil mantle would have definite gully
characteristics.

On the photographs, most metamorphic rocks show not only a con-
spicpous foliation but also an equally well developed joint system
(figs. 32, 33). These “checkerboard” or grid patterns usually indi-
cate an area of metamorphic rocks. Gneisses or quartzofeldspathic
schists, however, do not have these characteristics in this region.

The metamorphic rocks of the average roof-pendant area cannot
be divided on the photographs. Owing to the complexity of these
rocks, field mapping of any particular lithology, even at a semide-
tailed scale, is often practically impossible. In these areas, particu-
larly, any metamorphic unit tends to be thin and of short lateral
extent.

On southwestern Chichagof Island where the units are nearly
monolithologic, few criteria are available to distinguish the metamor-

' phic rocks (other than marble), with but one exception. In mas-
sive greenstone foliation is commonly obscure or nonexistent both
on the photographs (figs. 29, 34) and in the field ; conversely, adjacent
bodies of greenschist and phyllite have a pronounced foliation. In
places the phyllite reproduces a lighter photographic tone than the
greenschist, but this distinction is probably due to the abundant
siliceous laminae which are associated with a particular phyllite unit.



Frevik 30.—Structurnl features and drainopge characterlstles of lgneons-metamorphie terrine north of the head of
Hoonah Sound, Chichagof Islani.  YPlutonic rock (A) s gabbro nnd dioyfte. ¥ §s mainly fine-grained metamorphl¢
rock.  Strike und dip of falinting In the metumarphle racks i8 appnrent: wlso froctures as at €. Note difference
In drainage density nt D and B, The flner textured drainage at D than at B indicates lesy permeable rock at D.
In vicinity of D. a thin eaver of ®lope swash masks the onterops,

SHAVYOOLOHd TVIYEV NO SHODH ‘VIHALIRO NOMLILNO02IY

€6



€reome 31L.—Dralnage charncteristies of igneons-metamorpble terrane in Deep Bay-Peril Straft area, Chichagof Island. 'The deeply Incised
drudnage wystem develojied on slopes of the pranodiorite Rill at A controsts with the drainuge system of hill slopes underlaln by medium-
tu course-priined quurtzofeldnpathic schist (eneizz) av 1. Both rock types. especially the latter, featinre a Yow alrainage densite, bhut
the terrane undeclaln by guarizofeldspatble schist appears to lack deeply fncised gullles,
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FicURR 32—Tonnl differences and structural charncteristies of igneous-metamorphie
terrane north of the head of Hoonah Sound, Chichagof Island. A, gabbro; B,
marble ; C, Interbeddied hornfels, schist, amphibolite, and minor marble; D, folla-
tion; and B, jolnts. Although the tone of the marble exposures (B) Is lighter
than that of the gabbro (A), the tone of the vegetation s darker (F'), Marble
usually shows less well-developed joints than do most other metamorphic rocks.
Note checkerboard (grid) pattern at C,



96 PROCEDURES AND STUDIES IN PHOTOGEOLOGY

Frovre 33.—Vegetation and structural features of lgneous-metamorphie terrane northeast
of the head of Hoonah Spund, Chichagof Island. Gabbroie terrane (A) is comparatively
sparsely wooded even at elevations as low as 800 feet. Higher country (B) is underlain
mostly by hornfels, C represents joints, and D is the strike of the follation In the
metamorphie rocks.
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Froure 84.—Drainnge characteristics and structural features of igneous-metanmorphic
terrane near Rust Mountain, Chichagof Island, A deeply incised drainage system
ig developed on granodiorite at A, Metamorphic area (B) is underlain by massive
greenstone.  Note absence of foliation traces in the greenstone.

A thick unmetamorphosed graywacke unit borders the metamorphic
rocks to the west, but on the photographs the graywacke cannot be
distinguished from the metamorphic rocks.

RECOGNITION CRITERIA OF INTRUSIVE ROCES ON AERIAL
PHOTOGRAPHS

Aerial photographs are of little value in differentiating intrusive
rock types, As shown by field mapping, individual plutons on Chi-
chagof Island are usually very complex and may include diverse rock
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types. Also, migmatitic areas cannot be recognized on the aerial
photographs.

Tonal variations, for example, between a granodiorite or tonalite
and a gabbro outerop are either nonexistent or very weakly reproduced
on the same photograph. Although tonal distinctions would logically
result from the predominance of light- or dark-colored minerals in
the rock type and from the tone of the weathered surface, only occa-
sionally is this criterion reliable. Likewise, tonal variations between
intrusive rock types mapped by the author in other areas of south-
eastern Alaska are not well reproduced on the aerial photographs.

Vegetational differences are sometimes more useful than tonal
contrast in distinguishing plutonic rock types. Residual soils de-
veloped on silicic rocks are usually fertile and support a great variety
of vegetation. Mafic rocks and their residual soils, however, contain
a less well balanced supply of nutrients and support a more re-
stricted type of vegetation. Soils derived from ultramafic rocks
are infertile and frequently lack vegetation (Eardley, 1942, p. 159-
160).

The silicic plutonic rocks of the eastern half of Chichagof Island
as well as the granodiorite of Kruzof Island (fig. 35) tend to support
a dense forest. In contrast, the gabbroic area northeast and north-
west of the head of Hoonah Sound has a low timberline and a scanty
brush growth. (See figure 83.) Admittedly, some terranes under-
lain by silicic plutonic rock do not support a dense stand of vegeta-
tion; for example, in some areas of central and western Chichagof
Island, a scant tree growth is typical. Local climatic factors and the
effect of glaciation on soil cover and drainage possibly cause these
differences.

An area, however, of ultramafic rocks along the eastern shoreline
of nearby Baranof Island has a vegetation-rock-type relation un-
affected by other influences. The boundary of the Red Bluff Bay
chromite-bearing body as mapped in detail by Guild and Balsley
(1942) coincides with the vegetational boundary. Although it is
near sea level, the ultramafic area has almost no vegetation. Robin-
son and others (1935) state that large quantities of chromium and
nickel in soils cause infertility.

Surface drainage patterns in the intrusive rock of Chichagof Island
are less dense than those in most metamorphic rocks. (See figures 30,
33, 34, 36.) Such wide spacing of streams results in a coarse-textured
drainage system. The channels tend to be curvilinear although a few
are nearly straight where slopes are steep. As previously mentioned
(p. 92), the fine-grained metamorphic rocks have fine-textured or high
drainage densities. Ray and Fischer (1960) discuss the drainage
density of different rock types.



F160nm» 33.—Vaegetation aad structurn) featnres of Igneous-metnmonpuilc terrane fn Point Mary—-8hedlkof Buy area. Ervzof Islsnd.
Densely wooded area along Preffic Ocenn it A $x underlody by grupodlorite. Along 1he west cvast of Chicbopnf Tylond where
gruywucke and sehist erxop our Jesk dlense veweration nnd a Jower thnberfive b gypdeal. The Jght (one of srunadlorlte (A)
alony shoreline contrusty with durker tone of metagruywiucke (B). Linear featnrr € ryupresents the folintion of the weta-
graywacke. Llnenr fentnre D i3 fndfcative of a conapicuons regional joint get in the plutanle rock.
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Froose 86— Dralnage characteristics of )genons terrane nartheaxt nf Emmona Island. Chichhngof Ixland, Deeply
tnclaed drainage system has developed on tomallte. -Rapid dlxintewretion of rock uaccoupls for Jight-colored
wne of hillside ravines. Thile characteristic fx wspally rellable ln diferenUating plotonic from metumorpble
vock In arena largely covered by vegetation.
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One of the best criteria for distinguishing plutonic from meta-
morphie rocks is the recognition of the steeply incised heads of hillside
ravines characteristic of many areas of intrusive rock. (See figs.
29, 31,34, 35,36.) This criterion is helpful and reliable in areas where
outcrops are sparse and where ridges are covered by trees or brush.
Lueder (1959, p. 69) discusses one type of gully which develops in non-
cohesive material that has appreciable grain size and porosity; it is
characterized by “* * * comparatively short length; simple and
direct plan with few or no short simple branches, steep, uniform
gradient with sharp knickpoint at head end, and a descriptive short
steep gash or nick.” Such a description fits most areas underlain by
silica-rich to intermediate plutonic rocks on Chichagof Island.

Residual soils developed from rocks of gabbroic composition some-
times will have gullies of the type mentioned by Lueder. Gabbroic
rock, however, even though it is usually coarse-grained, more often
produces a somewhat clayey and impermeable soil, the soil composi-
tion depending on the amount of hornblende or other mafic minerals
in the parent rock. Characteristics of the drainage system will likely
include features of gullies developed both in silicic intrusive rocks
and in pelitic and other fine-grained metamorphic rocks.

A large part of the plutonic rock on Chichagof Island is directionless
or nonfoliated. Occasionally, however, an intrusive mass is foliated,
and traces of the foliation are sometimes distinct in the photograph
if the area is large enough. This feature can be confused with the
conspicuous steep joint set that prevails in some plutons (fig. 37).
Joint systems are more common and as easily distinguished in areas
partly covered by sparse vegetation as they are in areas of good
outcrop.

In the higher areas of Chichagof Island, igneous and metamorphic
rocks can often be distinguished by the topographic expression of the
ridges. Plutonic ridge crests are somewhat rounded or much less
rugged than the characteristic sharp-crested serrate ridges of
metamorphic rocks such as marble, phyllite, greenschist, and hornfels.
Gneissic ridges are much less rugged than those ridges underlain by
most metamorphic rocks.

Dikes intruding metamorphic rock are usually discernible on the
photographs (fig. 38). As they are more resistant than the country
rock in this area, the dikes occasionally have some relief.

KRUZOF ISLAND
SUMMARY OF GEOLOGY

Rocks ranging in age from Triassic and (or) Jurassic to Recent
crop out on Kruzof Island. The oldest rocks, which constitute only
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a very small part of the island, consist of greenstone, greenschist, gray-
wacke semischist, metachert, and phyllite. Graywacke, metamor-
phosed in places, overlies and is transitional with these rocks, A
granodioritic pluton was emplaced after the deposition of the gray-
wacke and has caused contact metamorphism in the adjacent rocks.
Post-Pleistocene basaltic flows erupted over what is now southern
Kruzof Island.

RECOGNITION CRITERIA OF ROCK TYPES ON AERIAL
PHOTOGRAPHS

Aerial photographs are useful in distinguishing intrusive rock from
the graywacke and its metamorphic equivalents. Pronounced con-
trast in tone is found along the shoreline on both the east and the west
sides of the island (figs. 35, 39, 40) where plutonic rock is light in tone
when compared to the medium-toned graywacke and graywacke horn-
fels. Asonly a few parts of the ridges are above the timberline, tonal

Ficure B7.—S8tructural features northeast of Hmmons Island, Chichagof Island.
A, dominant joint set in tonulite. Persistent linear features represent dominant
vertieal joint set In nonfoliated tonalite. These trends could be mistaken for
follation In a metamorphic (or igneous) rock.
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IMavee S8-—Stroctural featurey of metanmorphic terrane omn
sonthern Chichagof Island. Altered gabbrole bodies (A) eut
i sequence of greenstone, greenschist, and metachert. Note
light tone of A. Linear trend nt B represents foliation of the
metamorphic rocks. At C thin beds of light-toned metachert
could be mistaken for felsic sills. Light-toned linear bodies
at D are dikes that have filled joints in the metamorphic
rocks.
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variations cannot be used here. The metagraywacke ridges, however,
tend to be sharper crested than the less rugged ridges of intrusive rock

- that lie at similar elevations.

The photographs show that the structural patterns in the two rock
types are dissimilar. Fairly to moderately well defined northeast-
-ward-trending joints are common in the granodiorite. Conspicuous
-northwestward-trending bedding and foliation traces are found in
the graywacke and graywacke hornfels.

The contact between the graywacke and its metamorphic equivalent
is gradational; so neither unit can be distinguished on the photo-
graphs, nor can a contact be delineated between the graywacke and
the older rocks which are transitional with it.

The basaltic flows and their associated cones of southern Kruzof
Island are obvious features on the aerial photographs (fig. 41). The
landscape is characterized both by a radial and by a dendritic drain-
-age pattern having more dense vegetation growing along the creeks
~and shoreline and by an absence of structural trends (fig. 40).
though the photogmplnc tone of the basalt and metagraywacke along
the shoreline is similar, closely spaced persistent northwest foliation
traces in the metagraywacke contrast with the featureless-and flat-
lying basalt.

SUMMARY AND CONCLUSIONS

Recognition criteria of the major igneous and metamorphic rock
types on the aerial photographs of Chichagof and Kruzof Islands are
summarized in:table 1. The author believes that most of these rec-
ognition elements are applicable elsewhere in southeastern Alaska,
and that a few can be used in almost any region. While photointer-
pretation techniques can seldom be used as a substitution for field
mapping, they can greatly assist an experienced field mapper even
in a complex geologic terrane. The author certainly cannot subscribe
to any suggestion that rocks, particularly those of igneous and meta-
morphic origin, might be best differentiated by using aerial survey in-
stead of field and laboratory methods (Lueder, 1959, p. 269, 272, 274).

Aerial photographs for the discussed area are chiefly valuable for
the help they give in the differentiation of igneous from metamorphic
rocks, Aerial photographs are of limited value when distinguishing
the complexly folded and varied metamorphic lithologies from one
another or when identifying intrusive rock types. Various recogni-
tion elements such as outerop tone, vegetation, topographic expres-
sion, drainage and-erosional characteristics, and structural features of

~ the rocks themselves are used in the demarcation of the major rock
types. Of these criteria, drainage character is one of the more reliable
recognition elements.



I6URE 39— Tonal Q!Terences in lgneous-metgmorphic termne along ¢0ost of nortbwestern Krozof Islanil.
diorite.  Darker-toned rock (B) is bornfelx. Along well-expused shorelines tonal dixtinetforns herween plitoyic anml metamorphie rock
uxe usmu)ly apparent.  Sea foamy obscurey rock tone somewhpat on Jeft side of plota. Whir samily beaches whers vutevops are tacking
ag at C are (ndicallve of pearby granitic rock.

Light-icped rock (A) Ir grane-
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F16uny 40.—Tons! dlfficrences and siructuzal feienres of [racoussuwctamorphblic terrane ulong eastern Krazof Jalind. Sharp (onal contrast
ix evident between ronulite (A) nod metagraywacke (B). At €, the strike of fo¥iation ju ucarby vesry contet ymetnmorphie rocks
can be peen.  Wide beuch exposures of Jot-lring rocks are Beceot basaltic lows (D). Note dengdritic dnuusage syStem and concentratlon
of tree growth flong stream courses.




Fiopas 41.—Topographic expression of voleanle lundseape. soutbern Kruzof Jelend,
the inndgeape. A, parasitic cone and lis flow; and B, breacbed cone. Note radin) and dehdritic ¢ralnoge system and concea-
iraviod of cegetadon along creeks naad AlopeR of cones.

Quaternars bdbasalt, ash, and dapllll chaxaeteriee
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Tasrx 1.—Summary of rewﬁitim oriteria of {gneowus and melomo rphio rocks on aeriel photographs of Ohlchagof and Kruzof Islands

Rook types Photographle tone of Vegetation Drainage characteristics Btructura} features Topographic expres-
onterop gion
Granltic to Light to medtum Variable bat com- Coarse textured d Joints, unidirectionat | Ridge crests sre
tonalitie. . monly dense. low dralnage deasity); to multidirectionsl rounded ; loas
eeply lacised gullies, sets. rugged but with
- Follation, prominent gteeper slopes than
Ggobrois Varlable but nguelly | Commonly less denge | 8ame as above in places, in places. thops of metemor-
Intrugive medinm. thap on granitio to but more commonly fn- phic rocks. (Ap-
tonalitle Tock, termediste between si- licable only an
Igneons licle Introsive rocks and %ru.znl Istand and
Anegrained metamor- h elevatlons
phie rooks. on Chiohagaf In-
land.)
Extruslve Quaternary Medtam to dark Dense along creeks, Raedla) and dendritjo pat~ | Absent Cones, craters, indi-
basalt. sbotolings, and terng. vidua] flows.
glopeg of cones,

Marbls Very lght Commonly dense Low surface drainage den- |Foliatlon, usua Generally sharp-
sity; Karst featurss in moderste {o sfrong crestod serrats
places. expression where tidges for marble

r0CX nonIAegsive. phyliite,
Joints, talr expres- schisy, an bom-
aion. fols; less rugged ex-
presslon for other
Greonstone Mediam Commonly less dense | Fipe-toxtured dralnage | Follatlon, poor ex- moetamorpbke rock
than op marble, (high dralnage density) ression. Wges Appll-
foe phylllu and otber | Jolnts, poor expres. cable only en
Matamorphio fne-grained roeks. glon. Kruzof Island and
Conrser textored drain- at high elevations

Phyllite Vartable bot com- Variable bot keas age and lower dralnage | Foliation, usuajly on Chichagof 1~

Oresnschist monly mediwm. depse than on density for gusizses or maoderate to strong laed,)

Homfels marble. qoarizofeldspathic rocks. expressfon except in

Amphibolite oles.

QOmalas Joints, asually mod

ergls to sirong o1-
pressdon except in
gpekas,
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SOURCE AND IDENTIFYING DATA OF PHOTOGRAPHS
[Project code SEA (Southeastern Alaska)]

F Ro Ex; To hie quadrangle
igure 1l posures png'rn(?: e ,3%0) £

! IS S S S 135 22-23 | Sitka C-6

B0t e R 139 38-39 D-6

< DB 128 90-91 B-5

] e L P S 139 39-40 D-6

11 EETEE R e e S 128 80-81 D-5, D-6

o | I S ST e R R el 135 75-76 C-6

L S T L S e 135 39-40 A8

e e e S ] 128 39-40 C-56

s S R~ 128 39 C-5

38 . 135 70 C-6

11 135 35 B-6

a0 o 128 103 A-5

C 1 O S 135 57-58 A-5, A-6
Other data:

Approximate scale of photographs is 1:40,000.
Photographs were taken by U.8. Navy during July 1948,
Focal length of lens of camera was 6 inches.
Photographs may be purchased from:
.8. Geological Burvey
Map Information Office
Washington, D.C. 20235

SELECTED BIBLIOGRAPHY

Allum, J. A. E., 1961, Photogeological interpretation of areas of regional meta-
morphism : [London] Inst. Mining and Metallurgy Bull. 655, p. 521-543.
Condon, W. H., 1961, Geology of the Craig quadrangle, Alaska : U.8. Geol. Survey

Bull. 1108-B, p. B1-B43 [1962].

Eardley, A. J., 1942, Aerial photographs—their use and interpretation: New
York, Harper & Bros., 203 p.

Guild, P. W., and Balsley, J. R., Jr., 1942, Chromite deposits of Red Bluff Bay
and vicinity, Baranof Island, Alaska: U.8. Geol. Survey Bull. 936-G, p.
171-187.

Lathram, E. H., and others, 1959, Progress map of the geology of the Juneau
quadrangle, Alaska: U.S. Geol. Survey Mise. Geol. Inv., Map I-303, scale
1: 250,000.

Loney, R. A., Berg, H. C., Pomeroy, J. 8., and Brew, D. A., 1963, Reconnaissance
geologic map of Chichagof Island and northwestern Baranof Island, Alaska ;
[.8. Geol. Survey Misc. Geol. Inv. Map I-388, 1 p.

Loney, R. A., Condon, W. H., and Dautro, J. T., Jr., 1963, Geology of the Fresh-
water Bay area, Chichagof Island, Alaska: U.S. Geol. S8urvey Bull. 1108-C,
C1-054,

Liueder, D, R., 1959, Aerial photographic interpretation—principles and appli-
cations : New York, McGraw-Hill Book Co., 462 p.

Miller, V. C., and Miller, C. F., 1961, Photogeology: New York, McGraw-Hill
Book Co., 248 p.

Purdue University, 1953, A manual on the airphoto interpretation of soils and
rocks for engineering purposes: Purdue Univ. School of Civil Engineering
and Engineering Mechanics, 206 p.



110 PROCEDURES AND STUDIES IN PHOTOGEOLOGY

Ray, R. G., 1960, Aerial photographs in geologic interpretation and mapping:
U.8. Geol. Survey Prof. Paper 373, 230 p.

Ray, R. G., and Fischer, W. A., 1060, Quantitative photography—a geologic re-
search tool: Photogramm. Eng., v. 26, no. 1, p. 143-150.

Reed, J. C., and Coats, R. R, 1941, Geology and ore deposits of the Chichagof
mining. district, Alaska: U.8. Geol. Survey Bull. 929, 148 p.

Robinson, W. 0., Edgington, Glen, and Byers, H. G., 1935, Chemical studies of
infertile soils derived from rocks high in magnesium and generally high
in chromium and nickel : U.S. Dept, Agriculture Tech. Bull. 471.

Rossman, D. L., 1959, Geology and ore deposits of porthwestern Chichagof
Island: U.8. Geol. Survey Bull. 1058-E, p. 139-2186.

Smith, H. T. U., 1943, Aerial photographs and their interpretation: New York,
Appleton-Century-Crofts, 372 p.

Tator, B, A, and others, 1960, Photo interpretation in geology, Chap. 4 in
Manual of Photographic Interpretation: Am. Soc. Photogramm,, p, 169-342.

Turner, F. J.,, 1952, “Gefiigerelief” illustrated by “schist tor” topography in
central Otago, New Zealand: Am. Jour. Sei., v. 250, no. 11, p. 802-807.

Twenhofel, W, 8., and Sainsbury, C. L., 1958, Fault patterns in southeastern
Alaska : Geol. S8oc. America Bull,, v. 69, no. 11, p. 1431-1442.



Procedures and
Studies in Photogeology

GEOLOGICAL SURVEY BULLETIN 1043

This Bulletin was prepared
as separate chapters A-E

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1964



UNITED STATES DEPARTMENT OF THE INTERIOR

STEWART L. UDALL, Secretary

‘GEOLOGICAL SURVEY

Thomas B. Nolan, Director



(A)
(B)
(C)

(D)

(E)

CONTENTS

| Letters deslgnate the separate chapters published]

Photogeologic procedures in geologic interpretation and mapping,
by Richard G. Ray_

Application of high-order stereoscopic plotting instruments to pho-
togeologic studies, by C. L. Pillmore_____ -

Determination of quantitative geologic data with stereometer-type
instruments, by William R. Hewmphill

Isopach mapping by photogeologic methods as an aid in the locatwn
of swales and channels in the Monument Valley area, Arizona,
by Irving J. Witkind, William R. Hemphill, Charles L. Pillmore,
and Robert H. Morris

Recognition criteria of igneous and metamorphic rocks on aerial
photographs of Chichagof and Kruzof Islands, southeastern
Alaska, by J. S. Pomeroy____ e e e i e A i e

U, 8. GOVERNMENT PRINTING OFFICE : 1864 O - 708-385

Page

8

57






	B1043E0000001.tif
	B1043E0000002.tif
	B1043E0000003.tif
	B1043E0000004.tif
	B1043E0000005.tif
	B1043E0000006.tif
	B1043E0000007.tif
	B1043E0000008.tif
	B1043E0000009.tif
	B1043E0000010.tif
	B1043E0000011.tif
	B1043E0000012.tif
	B1043E0000013.tif
	B1043E0000014.tif
	B1043E0000015.tif
	B1043E0000016.tif
	B1043E0000017.tif
	B1043E0000018.tif
	B1043E0000019.tif
	B1043E0000020.tif
	B1043E0000021.tif
	B1043E0000022.tif
	B1043E0000023.tif
	B1043E0000024.tif
	B1043E0000025.tif
	B1043E0000026.tif
	B1043E0000027.tif
	B1043E0000028.tif
	B1043E0000029.tif
	B1043E0000030.tif
	B1043E0000031.tif
	B1043E0000032.tif

