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I 

I n  t h i s  sttidy o f  ~andsa t l '  imagery f o r  the Tanacross quadrangle, 

Alaska, two fundamentally d i f f e r e n t  types of images were used: (1 ) a 

black and white, s ing le  band, Landsat mosaic o f  Alaska, constructed w i t h  

I images t ha t  are not  computer-enhanced; and (2) various types of computer- 

enhanced Landsat images. 

The Landsat mosaic o f  Alaska was constructed i n  1973 by the U.S. 

Department o f  Agr icu l ture  Soi l  Conservation Service, using band 7 images 

~ generated without computer enhancement. Study o f  t h i s  mosaic was conducted 

a t  a scale o f  1:1,000,000, and the resu l t s  t ranscr ibed t o  fit a standard 

1 :250,000-scal e UTM pro jec t ion  map o f  the Tanacross quadrangle. Because 

of i t s  synoptic perspective and low sun angle (most images were acquired 

during l a t e  surrmer o r  f a l l ) ,  the mosaic i s  most useful f o r  i den t i f y i ng  

1 ineamentsy, arcuate features, and c i r c u l a r  features. Tonal var ia t ions 

s ign i fy ing di f ferences i n  ground co lo r  w i t h i n  the quadrangle are n o t  detec- 

t ab le  because the area i s  completely covered by snow on the Alaska mosaic. 

Three Landsat 1 images w i t h  minimal snow and cloud cover (1029-20383, 

taken August 21, 1972; and 1692-20143 and 1692-20150, taken June 15, 1974) 

were selected f o r  computer enhancement. I n  add i t ion t o  iden t i f y ing  o ther  

lineaments, arcuate features, and c i r c u l a r  features not  detected on the  

A1 as ka Landsat mosaic, computer-en hanced imagery i s  general ly  most useful 

l ' landsat 1 ( former ly ERTS-1) was launched by the U.S. National Aero- 
naut ics and Space Administrat ion (NASA) on Ju ly  23, 1972, and Landsat 2 
on January 22, 1975. Detai led informat ion regarding the sate1 1 i t e s t  o r b i t a l  
charac te r i s t i cs  and imaging systems can be found i n  NASA Document no. 
71 SD4249 (U. S. National Aeronautics and Space Admini s t ra t ion ,  Goddard Space 
F l  i q h t  Center, 1971 ) and U. S. Geol oqical  Survey Professional Paper 883 
(Rowan and others, 1974). 

%"e term "lineament," as used i n  t h i s  discussion, i s  based on OILeary 
and others' (1976) de f i n i t i on .  



for  iden t i f y ing  subt le s u r f i c i a l  ref lectance var ia t ions caused by d i f f e r -  

ences i n  vegetation, rock types, so i l ,  and other variables. However, 

because of several fac tors  discussed l a t e r  i n  t h i s  report,  ref lectance 

var ia t ions i n  the Tanacross quadrangle y ie lded l i t t l e  information re la ted  

t o  resource assessment. 

Computer compatible tapes (CCT1s) f o r  the three Landsat scenes were 

processed by the image processing f a c i l i t y  o f  the U.S. Geological Survey, 

Flagstaff,  Arizona. Attempts t o  mosaic these three images together by 

computer were successful only f o r  scenes 1692-20143 and 1692-20150, which 

make up the eastern 80 percent o f  the quadrangle. Because o f  previously 

unknown aberrations i n  e i ther  the Landsat 1 o r b i t a l  path o r  the imaging 

system, scene 1029-20383 ( i n  the western pa r t  o f  the quadrangle) could not  

be mosaicked by computer t o  the other two scenes. Therefore, correct ions 

for  atmospheric ef fects,  sun elevation, noise, and geometric d is to r t ions  

and other computer enhancement techniques were appl ied  separately t o  the  

two mosaicked images and t o  image 1029-20383. 

CCT1s f o r  scene 1692-20150 were a lso processed independently by the 

image processing f a c i l i t y  a t  the Ca l i fo rn ia  I n s t i t u t e  o f  Technology, Je t  

31 Propul sion Laboratory, Pasadena, Cal i fornia .- 
To der ive maximum s t ruc tu ra l  and s u r f i c i a l  ref lectance information, 

four types of computer-enhanced products were generated for  study: (1) 

computer-enhanced co lor  products generated by the U. S. Geological 
Survey, Flagstaf f ,  Arizona, and by the Cal i f o r n i a  I n s t i t u t e  of Technology, 
Jet Propulsion Laboratory, Pasadena, Cal i f o rn ia  are ava i l  able a t  nominal 
cost from: EROS Data Center, Sioux Fal ls ,  South Dakota 57198. Orders 
should include P. A.O. (Pub1 fc Affairs Office) numbers given e l  sewhere 
i n  t h i s  tex t .  



fa1 se-color wi th-  various "stretches," (2 )  simulated natural  color ,  (3)  

co lor  r a t i o  negative, and (4)  " f i r s t  de r i va t i ve "  s ing le  band black and 

whi te images. 

Three fa1 se-color images were produced by various "stretches" and 

combinations o f  three o f  the four mu1 t i spec t ra l  scanner (MSS) bands. 

A f t e r  app l i ca t ion  o f  t he  standard correct ions mentioned above, histograms 

o f  the d i f f e r e n t  bands are analyzed t o  determine the ranges o f  DN values 

( the  d i g i t a l  numbers on CCT's representing brightness leve ls )  contain ing 

s i g n i f i c a n t  data. A d i f f e r e n t  type o f  "s t re tch"  i s  used i n  creat ing each 

o f  the three fa lse-color  images: (1)  a l i n e a r  s t re tch  (Rowan and others, 

1974); (2) a t ab le  stretch,  which i s  simply a ser ies o f  d i f f e r e n t  l i n e a r  

stretches appl ied t o  various par ts  o f  the histogram; and (3)  a sinusoidal 

s t re tch  (A lber t  and Steele, 1976). Each o f  these stretches enhances 

d i f f e ren t  and commonly d i s t i n c t  spectra l  var ia t ions w i t h i n  the images. Each 

i nd i v i dua l l y  stretched band i s  then produced as a black and whi te f i l m  pos i t i ve  

(transparency) a t  approximately 1 :1,066,000 scale. These transparencies a re  

then i n d i v i d u a l l y  contact p r in ted  onto co lo r  f i l m  using a d i f f e r e n t  colored 

1 i g h t  for  each black and whi te transparency. The co lor  combinations fo r  

each image are: 

(1) 1 inear stretch--band 4 i n  blue, band 5 i n  green, and band 6 i n  

red (P.A.O. no. E-526-78-CT); 

(2) t ab le  stretch--band 5 i n  blue, band 6 i n  green, and band 7 i n  

I red (P.A.O. no. E-531-77-CT); and 

(3) sinusoidal stretch--band 5 i n  green, band 6 i n  blue, and band 7 

i n  red (P.A.O. no. E-527-89-CT). 



Final  ly, the fa lse-col  o r  transparencies are  photographical l y  enlarged and 

p r in ted  a t  1:250,000 scale. 

The second type o f  computer-enhanced product i s  a simulated natura l  

co l o r  image. Bands 4 and 5, respect ively,  measure re f l ec ted  1 i g h t  i n  the 

yellow-green and red-orange regions o f  the v i s i b l e  spectrum and bands 6 

and 7 measure i n  the i nv i s i b l e ,  near- infrared region. The blue p a r t  o f  the 

v i s i b l e  spectrum i s  no t  recorded. Photographically generated co lo r  Landsat 

images thus cannot show actual  su r f  i c i a l  co lor  condit ions. Simulated 

natural  co lo r  images however, can be generated using computer enhancement 

techniques by p red ic t ing  and creat ing a synthet ic b lue component from 

the  data of the  four MSS bands. A version o f  Landsat imagery i s  thus 

produced i n  which the co lors  approximate those which the human eye should 

see from o r b i t a l  a1 t i tudes i f  atmospheric absorption and scat ter ing were 

el iminated (El iason and others, 1974). As i n  the fa lse-color  images, black 

and whi te transparencies are  produced. The three black and whi te t rans- 

parencies a re  subsequently contact  p r in ted  onto co lo r  f i l m  using green for  

band 4, red for  band 5, and blue f o r  the synthet ic blue band. The f i n a l  

product (P. A.O. no. E-533-56-CT and E-528-25-CT) simulates natural  co lo r  

and accentuates subt le  co lo r  dif ferences. 

The t h i r d  type o f  computer-enhanced product i s  a co lo r  r a t i o  image 

negative (scene 1692-20150 on ly)  produced by the Ca l i fo rn ia  I n s t i t u t e  of 

Technology, Je t  Propulsion Laboratory i n  Pasadena, Cal i fo rn ia .  Detai 1 s 

regarding t h e i r  computer techniques are given i n  U.S. Geological Survey 

Professional Paper 883 (Rowan and others, 1974). For t h i s  study, the 

co lo r  r a t i o  composite was constructed as fol lows: band 4/5 i n  blue, band 

5/6 i n  green, and band 6/7 i n  red. The f i n a l  co lo r  product (P.A.O. no. 

E-529-78-CT) i s  a negative p r i n t .  
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The four th- type o f  computer-enhanced product used i n  t h i s  study i s  

a black and white "horizontal f i r s t  der ivat ive"  o f  band 6 (P.A.O. no. 

E-532-78-CT and E-530-35-CT) . This technique mainly involves recognizing 

differences between the DN values o f  adjacent ind iv idua l  p ixe ls  i n  a given 

d i rec t ion  (hor izontal  i n  t h i s  case). These di f ferences are assigned gray 

leve l  (DN) values and a histogram i s  generated. The data i n  the h is to -  

gram are stretched t o  maximize the i n t e r p r e t a b i l i t y  o f  the  f i na l  p r in t .  

F i r s t  der i va t i ve  images enhance lineaments and curvilineaments and are 

p a r t i c u l a r l y  useful i n  i den t i f y i ng  the numerous shorter lineaments and 

the s t ruc tu ra l  grain o f  an area. 

RESULTS 

Lineaments 

For t h i s  study, the most useful app l icat ion o f  the 1 :1,000,000-scale 

black and white Alaska Landsat mosaic, prepared by the So i l  Conservation 

Service, i s  the  i d e n t i f i c a t i o n  o f  1 ineaments and arcuate and c i r c u l a r  

features and t h e i r  extensions beyond the Tanacross quadrangle boundaries. 

These features are traced onto a scale-stable p l a s t i c  overlay, then 

enlarged t o  a scale o f  1:250,000. Addit ional lineaments, arcuate features, 

and c i r c u l a r  features observed on the computer-enhanced imagery are added 

t o  t h i s  overlay. The f i n a l  locat ions o f  these features are accurate t o  

w i th in  a t  l eas t  1 km r e l a t i v e  t o  the 1 :250,000-scale topographic base map 

upon which they are superimposed. Most o f  the e r ro r  i s  introduced by 

op t i ca l  d i s to r t i ons  during enlargement and by di f ferences between projec- 

t i ons  ( the mosaic i s  A1 bers Equal Area, the  computer-enhanced images are 

near ly  Lambert Conformal, and the  map i s  Universal Transverse Mercator). 



Also, many of these features occur i n  zones (wide val leys, f o r  example) 

and are thus d i f f i c u l t  t o  locate  w i t h  precision. 

Two approaches were used t o  map lineaments ( f i q u r e  1)  from 

Landsat images: (1 ) i d e n t i f i c a t i o n  o f  the  1 ineaments independent of any 

background geologic data, and (2) i d e n t i f i c a t i o n  o f  mapped f a u l t s  and of 

apparent extensions. To manipulate these complex 1 ineament data, we have 

developed a computer program (Steele, 1976) t o  a i d  our analysis. The 

computer program determines : (1 ) the percentage o f  the  quadrangle w i t h i n  

1 km of a 1 ineament, (2) the d i rec t iona l  trends o f  the  1 ineaments, (3) 

the lengths o f  i nd iv idua l  lineaments o r  segments thereof, (4) a histogram 

of d i r ec t i ona l  trends versus cumulative lengths o f  the 1 ineaments, and 

(5) the  mean lineament length. 

I n  our study o f  the  McCarthy quadrangle, Alaska (A1 be r t  and Steele, 

1976), we dist inguished two types o f  1 ineaments. One type i s  re la ted  t o  

the regmatic shear pat tern  (Sonder, 1947) which i s  thoroughly discussed 

i n  Hodgson and others (1976) and b r i e f l y  reviewed i n  our repor t  on the  

McCarthy quadrangle. The other type i s  re la ted  t o  fau l t s ,  fo lds,  and 

fractures t ha t  are  probably the r e s u l t  o f  l oca l  and regional tectonics. 

A1 though both types o f  1 ineaments are present i n  the Tanacross quadrangle, 

the  dif ference i n  t rend between them i s  less  wel l  def ined than i t i s  i n  

the McCarthy quadrangle. 

Earl  i e r  researchers, notably Hobbs (1 91 1 ) , Vening Meinesz (1947), 

Sonder (1 947), and Shul I t s  (1 971 ), f o r  the most part,  have found two ortho- 

gonal sets of planetary f r ac tu re  o r  regmatic shear d i rec t ions:  (1) north-  

west and northeast, and (2) no r th  and east. Other researchers, such as 

Ka t te r fe ld  (1976), have found other, l ess  d i s t i n c t  systematic d i rec t ions  



(west-northwest ,- north-northwest, north-northeast, and east-northeast), 

the frequency of occurrence o f  which are o f  secondary importance. 

I n  the  Tanacross quadrangle, we found two near ly orthogonal sets of 

1 ineaments. The most prominent 1 ineament set trends approximately N. 39' 

W. and N. 50' E., whi le  the other set  trends approximately N. 78' W. and 

N. 13" E. ( f igs .  2 and 3). The prominent northeast and northwest trends 

i n  several instances have been detected i n  the  f i e l d  and found t o  corres- 

pond t o  mapped fau l t s ,  conjectured fau l t s ,  o r  brecciated zones (Foster, 

1970; Foster, o ra l  commun., 1976). An addi t iona l  approximately north- 

and east-trending set  i s  suggested. The east-trending lineaments are 

weak, however, making i t d i f f i c u l t  t o  def ine these north- and east-trending 

1 ineaments as an orthogonal pair .  

One major lineament trend, N. 45' W., seems t o  have no orthogonal 

p a i r  i n  the  Tanacross quadrangle. Although t h i s  t rend could be par t  o f  

the N. 39' W. and N. 50° E. lineament set, the d i f ference i n  o r ien ta t ion  

seems t o  occur along an east-trending zone from approximately 63O10' t o  63O15' 

nor th  l a t i t u d e  ( f igure 1 ). Previous work i n  the Nabesna (Albept, 1975) and 

McCarthy quadrangles (A1 ber t  and Steele, 1976) indicates t h a t  the N. 39' 

W. t rending lineaments do not occur south o f  t h i s  zone. On the  other 

hand, N. 45O W. t rending lineaments i n  the  Tanacross quadrangle are near ly 

nonexistent nor th  o f  t h i s  zone. Because o f  t h i s  1 ineament o r ien ta t ion  

change, we bel ieve t h a t  t h i s  zone may be an east-trending tecton ic  o r  

s t ruc tu ra l  break, which i s  f u r t he r  evidenced by aeromagnetic, gravimetric, 

and geologic data. 

Aeromagnetic data (Gri scom, 1976) show an approximately east-trending 

aeromagnetic low near t h i s  proposed break i n  the eastern pa r t  of the 
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Tanacross quadrangle that ,  according t o  Griscom, l a rge l y  corresponds t o  

an east-trending row o f  plutons, most o f  which are  probably connected a t  

depth. I n  the southwestern p a r t  o f  the  quadrangle, Gr i s~om shows a ser ies 

of inferred northeast-trending fau l t s ,  several o f  which correspond t o  

fau l t s  indicated on the  geologic map (Foster, 1970), t h a t  seems t o  

be terminated by the postulated tec ton ic  o r  s t ruc tu ra l  break. Aeromagneti - 
c a l l y  in fer red northwest-trending f a u l t s  near the break a lso seem t o  

be terminated by it. Gravimetric data (Barnes, 1976a, b )  show an 

east-trending boundary between a high and a low g rav i t y  anomaly j u s t  
I 

t o  the west t h a t  a1 ines w i t h  a s i g n i f i c a n t  "saddle" across a north- 

t rending g rav i t y  h igh i n  the Tanacross quadrangle. This g r a v i t y  break 

corresponds wel l  w i t h  the proposed tec ton ic .  o r  s t ruc tu ra l  break. 

Geologic data (Foster, 1970) a lso  suggest an east-trending s t ruc tu ra l  

break by: (1) the contact (approximate b i o t i t e  isograd) between the 

Precambrian t o  Paleozoic b i o t i t e  gneiss and sch is t  u n i t  and the Paleozoic 

p h y l l i t e  and sch is t  u n i t  i n  the southwestern pa r t  o f  the  quadrangle, 

which i s  sharply def lec ted eastward near the proposed s t ruc tu ra l  break; 

and (2 )  the contacts between the  Precambrian t o  Paleozoic b i o t i t e  gneiss 

and sch is t  un i t ,  Paleozoic sch is t  and qua r t z i t e  un i t ,  and Mesozoic 

g r a n i t i c  rocks i n  the  southeastern p a r t  o f  the quadrangle, which a re  

mostly east-trending near the proposed s t ruc tu ra l  break. I n  the  

Tanacross quadrangl e, northwest- and northeast-trending 1 ineaments 

exh ib i t  an imperfect spa t ia l  pe r iod ic i t y .  Spacing between northeast- 

t rending lineaments i s  the best developed and ranges from about 15 t o  25 

km, whereas the spacing o f  the northwest-trending 1 ineaments i s  more 



poor ly developed- and ranges from about 15 t o  30 km. Vogt (1 974) suggests 

a method f o r  est imating p l a t e  thickness from the regu lar  spacing o f  

volcanoes and major f ractures.  Applying h i s  method t o  the Tanacross 

quadrangle, the spacing o f  lineaments ind ica te  a thickness o f  15 t o  30 km, 

which i s  considerably less than the 40 km o r  so o f  c rusta l  thickness' 

g rav imet r i ca l l y  derived by Barnes (1976a). Because Vogtls method i s  

dependent upon c rus ta l  mater ia ls being homogeneous and because o f  the 

i r r e g u l a r i t y  o f  the spacing o f  1 ineaments i n  the quadrangle, i t  i s  l i k e l y  

t h a t  the  15 t o  30 km values r e f l e c t  c rus ta l  heterogeneity ra ther  than 

p l a t e  o r  t o t a l  c rus ta l  thickness. This discrepancy, however, could a1 so 

be caused by the 1 ineament spacing i n  the  Tanacross quadrangl e r e f l e c t i n g  

the approximate depth of the Conrad d iscon t inu i t y  . 
Correlat ions o f  lineaments observed on Landsat imagery of the Tana- 

cross quadrangle and geophysical data are poor t o  good. Gravimetric data 

are sparse i n  t h i s  area (Barnes, 1976b), making associat ions w i t h  l i nea-  

ments mostly ambiguous. Aeromagnetic data (Gr i  scom, 1976), on the other 

hand, show a good co r re l a t i on  w i t h  lineaments, p a r t i c u l a r l y  i n  the 

postulated f rac ture  zone between 1 ineaments K and L. Generally the trends 

o f  1 i neaments correspond we1 1 w i t h  known s t ruc tu ra l  data (Foster, o ra l  

commun. , 1976). 

Lineament A ( f i g .  4 ) ,  w i t h  an approximate nor th  trend, extends near ly  

500 km from about l a t .  650301 N. t o  about l a t .  61°311 N., crossing both 

the T in t ina  and Denali f a u l t  systems wi thout  any apparent offset. This 

lineament i s  by f a r  the la rges t  north-trending l i n e a r  feature t h a t  we have 

observed i n  Alaska t o  date. 



Lineament B, w i t h  an approximate N. 3!jQ W. trend, extends more than 

1,200 km from about l a t .  6Z030' N., long. 13g045' W. i n  Yukon Ter r i to ry ,  

Canada t o  a t  l e a s t  Barrow, Alaska, crossing the T in t ina  f a u l t  system and 

the Porcupine Lineament wi thout  any apparent offset. Suggestions of 

lineament B show up i n  gravimetr ic  data as a northwest-trending group o f  

g rav i t y  highs approximately 150 km long and i n  magnetic data as the north-  

eastern boundary o f  a northwest-trending magnetic high approximately 200 

km long i n  the NPR-4 (Naval Petroleum Reserve) area (Wool son and others, 

1962; Barnes, 1976a). Lineament B a lso corresponds t o  a northward def lec-  

t i o n  of the Barrow Arch (Grantz and others, 1975) and may extend i n t o  the 

A rc t i c  Ocean. 

Lineament C, w i t h  an approximate N. 60' W. trend, extends a t  l eas t  

1,300 km from lineament L i n  the northeastern pa r t  o f  the Tanacross quad- 

rangle t o  Cape Lisburne, crossing the Kaltag fault-Porcupine Lineament 

wi thout  any apparent o f f se t .  Lineament C corresponds t o  northwest aeromagnetic 

trends, p r ima r i l y  the alinement o f  lows, i n  the  B ig  Delta (Alaska D iv is ion  

o f  Geological and Geophysical Surveys, 1975a) and Ambler River (Alaska 

D iv is ion  o f  Geological and Geophysical Surveys, 1975b) quadrangles. I n  

.northwestern Alaska, t h i s  1 ineament f o l l  ows the approximate ax is  o f  the 

northward def 1 ected be1 t of lower Pal eozoic eugeosyncl i n a l  deposits, c lose ly  

descr ib ing the northeastern boundary o f  the s t rong ly  metamorphosed rocks. 

The lineament seems t o  mark the southwestern extent o f  the numerous t h rus t  

fau l t s  i n  the Brooks Range and o f  the major f o l ds  i n  the l a t e  Jurassic and 

Cretaceous basin deposits i n  the Amatusuk H i l l s  region (King, 1969). Linea- 

ment C a lso a l ines  w i t h  the Herald f a u l t  zone (Grantz and others, 1975), 



i nd ica t ing  t ha t  i t  may extend i n t o  the Chukchi Sea f o r  several hundred 

kilometers. For most of i t s  length, t h i s  lineament seems t o  mark the  

northern l i m i t  of earthquake epicenters as shown by Gedney and others 

(1 972). 

Lineament D, w i t h  an approximate N. 45' W. trend, extends f o r  more 

than 2,000 krn from the east s ide o f  the Coast Ranges i n  B r i t i s h  Columbia, 

Canada ( the  southern terminus o f  the 1 ineament i s  beyond the coverage of 

the Alaska Landsat mosaic) t o  Point  Hope, Alaska, crossing the Kaltag 

faul t-Porcupine Lineament wi thout  any apparent o f f se t .  Aeromagnetic data 

i n  the Tanacross quadrangle (Alaska D iv is ion  o f  Geological and Geophysical 

Surveys, 1973a) show a probabl e corresponding zone o f  northwest-trendi ng 

contours t h a t  seems t o  demarcate areas o f  high and low magnetic regimes. 

Aeromagnetic data i n  the B ig  Delta quadrangle (Alaska D iv is ion  o f  Geological 

and Geophysical Surveys, 1975a) show an apparent corresponding alinement of 

magnetic lows t ha t  seem t o  fo l l ow lineament D f o r  about 100 km. Lineament 

D a1 so corresponds t o  the southwestern terminat ion o f  a g rav i t y  low i n  the 

Tanacross quadrangle and t o  the southwestern boundary of the p r i n c i p a l l y  

east-trending g rav i t y  low associated w i t h  the Brooks Range (Barnes, 1976a). 

The lineament goes through a "pinched" area o f  merging sync l ina l  axes and 

normal fau l t s ;  seems t o  de f l ec t  the b e l t  o f  metamorphosed lower Paleozoic 

eugeosynclinal deposits i n  the western pa r t  o f  the Birooks Range; tends t o  

bound the northern l i m i t  of t h i c k  Late Te r t i a r y  and Quaternary deposits 

i n  s t r u c t u r a l l y  negative areas, except for  those i n  the Yukon Basin; seems 

t o  mark, f o r  the most part ,  the southwestern boundary o f  the Precambrian 

t o  Ear ly Paleozoic metamorphosed sync1 i n a l  deposits i n  the Yukon-Tanana 



Uplands; and marks the northern boundary o f  ea r l y  and middle Ter t ia ry  

p lu ton ic  and i n t r us i ve  rocks i n  western Alaska (King, 1969). Lineament 

D a lso a l ines  w i t h  the ax is  o f  a major a n t i c l i n e  i n  the Hope Basin o f  the 

Chukchi Sea (Grantz and others, 1975) and seems t o  correspond t o  major 

breaks i n  the gravimetr ic  p r o f i l e s  o f  the Chukchi Sea (Ruppel and-McHenrie, 

1975), i nd ica t ing  t ha t  the 1 ineament probably extends f o r  some hundreds of 

ki lometers northwestward. I n  addi t ion,  i t  can be traced through two seis- 

m i ca l l y  ac t i ve  areas, one near Fairbanks and the other hear the town of 

Rampart on the Yukon River (Gedney and others, 1972). 

Lineament E, w i t h  an approximate N. 50" W. trend, extends f o r  a t  l eas t  

1,200 km from the cent ra l  pa r t  o f  the western boundary o f  the Tanacross 

quadrangle t o  the east s ide o f  the Coast Ranges i n  B r i t i s h  Columbia. 

(The southern terminus o f  the 1 ineament i s  beyond the coverage o f  the 

Alaska Landsat mosaic.) 

Lineament F, w i t h  an approximate N. 55O W. trend, i s  over 2,100 km 

long and corresponds i n  pa r t  t o  the Denali f a u l t  system. Close examination 

of the Alaska Landsat mosaic reveals t ha t  from the northernmost pa r t  of the 

Alaska Range, where the Denali f a u l t  forms an arc and curves southwestward, 

a subt le  cont inuat ion o f  1 ineament F extends northwestward, approximately 

passing through the break between the Kal tag  f a u l t  and the Porcupine 

lineament, t o  Kotzebue Sound where i t  appears t o  a l i n e  w i t h  the ax is  

o f  a major sync1 i ne  i n  the Hope Basin (Grantz and others, 1975). To the 

southeast, 1 ineament F i s  coextensive w i t h  the Denal i f a u l t  system for  a t  

l e a s t  several hundred kilometers, and continues east o f  the Coast Range 

i n  B r i t i s h  Columbia on s t r i k e  w i t h  Campbell I s  (1972) northwestward 
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~ extension o f  t he  Fraser-Yalakom f a u l t  system. This suggests t h a t  the 

~ Denali f a u l t  system may no t  be def lected southward t o  j o i n  the Chatham 

fau l t  (Lathram and Albert,  1975). 

Lineament G, w i t h  a N. 55' E. trend, extends f o r  over 700 km from 

around 75 km southwest o f  the town o f  Willow, Alaska t o  a t  l e a s t  cent ra l  

Yukon Ter r i to ry .  (The northern terminus o f  the 1 ineament i s  beyond the  

coverage o f  the Alaska Landsat mosaic.) This lineament crosses both the 

Denal i and T in t ina  faul t systems wi thout  any apparent o f f se t ,  corresponds 

t o  a mapped f a u l t  system i n  the Tanacross quadrangle (Foster, 1970) and 

t o  an aeromagnetical l y  i n fe r red  northeastward extension of the f a u l t  sys- 

tem (Griscom, 1976). I f  extended f u r t he r  t o  the northeast, i t  would cor- 

respond t o  the major de f lec t ion  o f  the  b e l t  o f  t h rus t  fau l t s ,  fo lds,  and 

Cambrian t o  Jurassic miogeosyncl i n a l  deposits i n  Yukon Terr i to ry ,  marking 

the northern boundary o f  the Be l t  Series middle Proterozoic sedimentary 

and volcanic rocks and the southern boundary o f  the  l a t e  Jurassic and 

Cretaceous deposits of successor basins (King, 1969). 

Lineament H y  wi th  a N. 60' E. trend, extends f o r  over 850 km from 

about 150 km east o f  Dillingham, Alaska t o  the cent ra l  pa r t  of the Tana- 

cross quadrangle. This lineament seems t o  del ineate a g rav i t y  boundary 

along i t s  southwestern ha1 f (Barnes, 1976a), p a r t i a l l y  corresponds t o  the  

Castle Mountain f au l t ,  crosses the Denal i f a u l t  system without an apparent 

of fset ,  and corresponds t o  a mapped f a u l t  i n  the Tanacross quadrangle 

(Foster, 1970). 

Lineament I, w i t h  a N. 55' E. trend, i s  over 600 km long and extends 

from about 20 km south o f  Palmer, Alaska, t o  a t  l e a s t  cent ra l  Yukon Te r r i -  

to ry .  (The northern terminus i s  beyond the  coverage o f  the Alaska Landsat 
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mosaic.) This lineament crosses both the  Denali and T in t ina  f a u l t  systems 

without any apparent o f f s e t  and corresponds t o  mapped fau l ts  i n  the Tana- 

cross quadrangl e (Foster, 1970). 

Lineament J, w i t h  an approximate N. 55' E. trend, i s  over 850 km 
~ 

long and can be traced from the southwestern t i p  o f  Kenai Peninsula, 

across the Denali f a u l t  without any apparent o f f se t ,  t o  the T in t ina  f a u l t  

i n  Yukon Te r r i t o r y  where it apparently terminates. To the southwest o f  

Kenai Peninsula, the lineament a l ines w i t h  a sharp change i n  the bathymetry 

east of Kodiak Is land (von Huene and Shor, 1969), ind ica t ing  t h a t  it may 

extend a t  l eas t  a couple o f  hundred kilometers i n t o  the  Paci f ic  Ocean. 

Lineament K, w i t h  an approximate N. 50° E. trend, i s  over 1,100 km 

long and extends from the southwestern s ide o f  Kodiak Island, across the  

Denal i fau l t  without any apparent o f fset ,  t o  the T in t ina  f a u l t  i n  Yukon Ter r i -  

t o r y  where i t apparently terminates. This 1 ineament i s  the northwestern bound- 

ary of what we i n te rp re t  below as a probable major northeast-trending f rac tu re  

o r  f a u l t  zone through the Tanacross quadrangle. On Kodiak Island, 1 inea- 

rnent K corresponds t o  a th rus t  f a u l t  mapped by McGee (1972), and on Kenai 

Peninsula, 1 ineament K corresponds c lose ly  t o  the ax is  o f  maximum subsi- 

dence caused by the 1964 Alaska earthquake (Plafker, 1969). This 1 inea- 

ment a1 so para1 1 e l  s gravimetric contours throughout i t s  length (Barnes, 

1976a ) , corresponds t o  strong northeast-trending aeromagnetic contours i n  

the Gul kana quadrangle (Alaska Div is ion o f  Geological and Geophysical 

Surveys, 1973b), and c lose ly  corresponds t o  an aeromagnetical l y  inferred 

f au l t  i n  the Tanacross quadrangle (Griscom, 1976). 

Lineament L, w i t h  an approximate N. 50' E. trend, i s  over 1,100 km 

long and extends from the southern par t  of Kodiak Island, across the T in t ina  



and Denali f a u l t  systems without any apparent offset, t o  a t  l eas t  cent ra l  

Yukon Terr i tory .  (The northern terminus i s  beyond the coverage of the  

Alaska Landsat mosaic. ) This 1 ineament i s  para1 l e l  t o  gravimetric con- 

tours throughout most o f  i t s  length (Barnes, 1976a) and corresponds i n  

pa r t  t o  a f au l t  near Prince W i l l  iam Sound in fe r red  by Plafker and others 

(1975). It also passes through the epicenter o f  the  1964 Alaska earth- 

quake, i n  pa r t  pa ra l l e l  t o  the  boundary between areas of subsidence and 

u p l i f t  (Plafker, 1969). 

Several 1 ines o f  evidence suggest t h a t  the area between 1 ineaments 

K and L may be a major tec ton ic  break o r  f rac tu re  zone i n  the Tanacross 

quadrangl e: 

1. The zone corresponds wel l  t o  major breaks i n  aeromagnetic con- 

tours i n  the Tanacross quadrangle (Griscom, 1976) and t o  a strong aero- 

magnetic t rend i n  the Gul kana quadrangle (Alaska Div is ion of Geological 

and Geophysical Surveys, 1973b). 

2. The zone corresponds w i t h  major gravimetric contours f o r  most of 

i t s  length and w i t h  a minor gravimetric low i n  the Tanacross quadrangle 

in fe r red  by Barnes (1 976a, 1976b). 

3. The zone i s  associated w i t h  the  epicenter of the 1964 Alaska 

earthquake and w i th  the boundary between areas o f  up1 i f t  and subsidence 

inferred by P l  a f  ker (1 969). 

4. The zone seems t o  terminate the  Wrangell Mountains, which are 

located on the southeastern side o f  the zone as i s  the  area o f  u p l i f t  

described by Plafker (1 969). 

5. The zone pa ra l l e l s  and coincides w i t h  several f a u l t s  in fe r red  

from aeromagnetic data i n  the Tanacross quadrangle (Griscom, 1976). 



6. The zone contains several fau l t1  i k e  features i n  the Tanacross 

quadrangle, v i  s i  b l  e  on conventional ae r i a l  photographs, t h a t  are  paral 1  e l  

t o  it. 

7. The zone contains numerous shorter  lineaments observed on Land- 

sat  imagery o f  the Tanacross quadrangle t h a t  paral l e l  it. 

8. The zone seems t o  cause the elongation o f  a  nearby major c i r cu -  

l a r  feature  (6, f i g .  5). 

9. The zone seems t o  j u s t  miss Pr ind le  Volcano, which shows evidence 

of a  deep connection because o f  p e r i d o t i t e  and g ranu l i t e  inclusions 

(Foster, 1966; w r i t t en  comnun., 1976). 

This zone may no t  be terminated by the T in t ina  f a u l t  i n  Yukon Te r r f t o r y  

because lineament L  seems t o  extend across the T in t ina  fau l t .  

Because o f  the scarc i t y  o f  known mineral deposits i n  the Tanacross 

quadrangle and the lack o f  data on those t ha t  are  known, cor re la t ions 

w i th  lineaments observed on Landsat imagery were not  made. 

The numerous short  1  ineaments ( less than 10 km), together w i t h  the  

r e l a t i v e l y  few long lineaments t h a t  are v i s i b l e  on the hor izontal  f i r s t  

de r i va t i ve  image, were analyzed as a  group by using a  d i f f r a c t i o n  gra t -  

i ng  (Ronchi r u l i n g )  which has a  spacing o f  e igh t  1 ines per mi l l imeter .  

As the g ra t ing  i s  ro ta ted  through 180 degrees, the  trends o f  these l i n e -  

aments are enhanced when they are normal t o  the l i n e s  o f  the  g ra t ing  

(Off ield, 1975). The various trends are p l o t t ed  on a  compass rose ( f ig .  

6) and t h e i r  i n t e n s i t i e s  sub ject ive ly  ra ted from weak t o  strong. In 



f i gu re  3, the lineament trends are grouped i n  5 degree i n te r va l s  w i t h  the  

I most s i gn i f i can t  1 degree t rend annotated. I n  f igure 6 on the other hand, 
I ~ t he  trends are shown as 5 degree i n te r va l s  (2.5" i n  each d i rec t ion )  

merely fo r  graphic convenience, w i t h  the measured t rend annotated. 

Because the short  lineaments f a r  outnumber the long lineaments shown 

on main map, f i gu re  1, the d i f f r a c t i o n  g ra t inq  measurements r e f l e c t  the 
I 

pa ra l le l i sm o f  these shorter  features wi thout  any s i gn i f i can t  e f f e c t  

from the longer 1 ineaments. Unl ike the McCarthy quadrangle where the 

shorter  l i n e a r  feature  (type B) trends d i d  not  co r re la te  w i t h  those o f  

the longer ( type A) 1 inear features (A1 b e r t  and Steele, 1976), the Tana- 

cross quadrangle shows a strong s i m i l a r i t y  between both types ( f i g .  3, 

6). Nearly a l l  of the long lineament trends ( f i g .  3) have correspond- 

ing  short lineament trends ( f i g .  6). There are on ly  two major d i rec t ions  

of short  lineaments t h a t  do not  correspond t o  those o f  the long l i nea-  

ments: (1)  approximately N. 11° W. t o  N. 21" W., and (2) N. 25' E, t o  

N. 40" E. Short 1 ineaments or iented i n  these d i rec t ions  may be re la ted  

t o  l oca l  and regional tec ton ics  i n  the Tanacross quadrangle o r  may be 

re la ted  t o  second order o r  subordinate lineament d i rec t ions  (Katter fe ld,  

1976; Thomas, 1976). We be1 ieve, therefore, t h a t  the s t ruc tu ra l  and 

tec ton ic  character of the  Tanacross quadrangle i s  more c lose ly  re la ted  

t o  the longer lineaments and t o  the regmatic shear pat tern  than are 

those o f  the Nabesna (A1 bert ,  1975) and McCarthy (A1 be r t  and Steele, 

1976) quadrangles t o  the south. 



Circu lar  features 

Numerous c i r c u l a r  and arcuate features observed on Landsat imagery 

of the Tanacross quadrangle are shown on f i gu re  5 o f  t h i s  report .  

The largest  c i r c u l a r  feature i s  approximately 40 km i n  diameter, and 

the smallest s ing le  c i r c u l a r  feature i s  approximately 4 km i n  

diameter. 

On the basis. of geology, topography, and surface expression, 

we have subdivided these c i r c u l a r  features i n t o  groups t h a t  are asso- 

c ia ted w i th  (1)  extensive extrusive features, (2) i n t r us i ve  rocks, 

(3) small extrusive features, (4)  metamorphic rocks, and (5) topo- 

graphic depressions. 

C i rcu la r  features 7 and 10 are large (up t o  35 km i n  diameter), 

near ly c i r c u l a r  's t ructures t h a t  are associated w i t h  the  two major 

extrusive 1 andforms w i t h i n  the  quadrangl e, M t  . Fai r p l  ay and Sixty-  

m i le  Butte (Foster, 1970). These two c i r c u l a r  features l a rge l y  enclose 

extensive areas o f  f e l s i c  volcanic rocks, c o m n l y  de l ineat ing the  con- 

t a c t  between these rocks and the surrounding metamorphic and g r a n i t i c  

rocks, and may represent calderas, which also are suggested by aero- 

magnetic data (Griscom, 1976). 

C i rcu lar  features 1, 8, 9, 13, and 15 are r e l a t i v e l y  small (up t o  

15 km i n  diameter), e l l i p t i c a l  o r  c i r c u l a r  structures, some of which are 

concent r ica l ly  arranged. These features are associated w i t h  various 



i n t r us i ve  bodies, and a t  l eas t  a few o f  the smaller features i n  area 1 

may correspond t o  g r a n i t i c  plugs (Foster, ora l  comnun. , 1976). We be1 ieve 

t h a t  some o f  the other features i n  area 1 may a lso be re la ted  t o  separate 

episodes of intrusion.  C i rcu la r  features 8, 9, and 13 commonly del ineate 

contacts w i t h  other rock types, whereas i n  area 1 the c i r c u l a r  features 

are 1 argely confined t o  the hornblende granodior i te phase o f  the Mesozoic 

g r a n i t i c  rocks and tend t o  del ineate mineralogical changes w i t h i n  these 

rocks (Foster, 1976). 

C i rcu lar  features 5 and 6 are concentric, e l l i p t i c a l  structures which 

appear t o  be associated w i th  small, though mineralogical ly  s ign i f icant ,  

outcrops o f  extrusive rocks. Both features are approximately centered 

on outcrops of f e l s i c  volcanic rocks which usual ly  are associated w i t h  

mineral i za t i on  i n  the  quadrangle (Singer and others, 1976). C i rcu lar  

feature 5 i s  an asymmetric s t ructure w i t h  concentric arcs extending approx- 

imately 10 km t o  the east but on ly  2 km t o  the west. C i rcu lar  feature 

6 i s  more symmetrical than feature 5, except along the northwest side 

where i t  appears t o  be bounded by the  postulated northeast-trending frac- 

t u r e  zone formed by 1 ineaments K and L. This boundary i s  a lso delineated 

by a f a u l t  i n fe r red  from aeromagnetic data (Griscom, 1976). East Taurus, 

the most geochemical l y  anomalous region w i t h i n  the Tanacross quadrangle, 

i s  near the center o f  c i r c u l a r  feature 6, as are several mapped su l f ide 

occurrences (Foster, 1970). G r i  scom (1 976) a1 so describes several aero- 

magnetic trends and a f au l t  which are subparal lel t o  our conjectured struc- 

t u r a l  axis f o r  feature 6. 

C i rcu lar  features 2, 4, 11, and 14 are so l i t a r y ,  near ly  c i r c u l a r  

features occurring i n  metamorphic terrane. Feature 2 i s  s l i g h t l y  e l  1 i p t i c a l  
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and has two smal f e r  concentr ic e l l  ipses centered near the Canadian border. 

Some 1 i tholog ic  boundaries (Foster, 1970) associated w i t h  these features 

include: the  contact between a quartz feldspar b i o t i t e  gneiss, which i s  

encompassed by features 2,and the surrounding g r a n i t i c  rocks; on feature 

4 the contacts between a quartz-mica sch is t  u n i t  and a b i o t i t e  gneiss and 

sch is t  un i t ;  u l t ramaf ic  bodies enclosed by feature 14; and the contact 

between metamorphic and g ran i t i c  rocks which may be described by the 

southern ou t l i ne  o f  feature 11. 

Ci rcu lar  features 3 and 12 enclose topographic lows. Although i n  a 

mountainous area, feature 3 i s  lower than the surrounding terrane and does 

not appear t o  del ineate 1 i tholog ic  contacts. C i rcu la r  feature 12 general ly 

coincides w i t h  the contacts between Cenozoic basal t s  and the Taylor Moun- 

t a i n  bath01 i th, and a1 ong i t s  northwestern boundary, between metarnorphic 

and g r a n i t i c  rocks. 

Nearly a l l  o f  the  c i r c u l a r  features observed i n  the Tanacross quad- 

rangle, except f o r  features 2, 4, 11, and 16, are associated w i t h  igneous 

i n t rus i ve  o r  extrusive rocks. C i rcu lar  features 2, 4, and 16, however, 

correspond t o  covered i n t rus i ve  bodies in fe r red  from aeromagnetic data 

( G r i  scom, 1976). A1 though c i r c u l a r  feature 11 has no apparent associat ion 

w i th  mapped extrusive o r  i n t r us i ve  rocks nor w i t h  any in fe r red  covered 

i n t rus i ve  bodies, we bel ieve tha t  i t  i s  nevertheless l i k e l y  t o  be re la ted  

t o  a hidden i n t rus i ve  body because a l l  other c i r c u l a r  features i n  the 

quadrangl e .are. 

Arcuate features 17, 18, and 19 are systematic sets of curved features 

which seem t o  have s t ruc tu ra l  axes and do no t  seem t o  c lose as do c i r c u l a r  

features. The southern boundary of arcuate feature 17, which i s  w i t h i n  

both metamorphic and g r a n i t i c  rocks, approximately coincides w i t h  the  
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contact between g r a n i t i c  rocks and a Paleozoic sch is t  and qua r t z i t e  un i t .  

The southeastern boundary approximately coincides w i t h  the contact between 

b i o t i t e  hornblende granodiori  t e  and undi f ferent iated g r a n i t i c  rocks. The 

ax is  of the s t ruc ture  i s  along the outcrop t rend o f  a Paleozoic sch is t  ' 

and qua r t z i t e  un i t .  Arcuate feature 18 i s  a large, wel l-defined feature 

w i t h  a northeast- t o  east-northeast-trending s t ruc tu ra l  axis. Most fo l  i a -  

t i ons  (Foster, 1970) d i p  away from the axis. The feature i s  l a rge l y  w i t h i n  

metamorphic rocks, except along i t s  southern boundary near M t .  Fairplay, where 

we feel i t  may r e f l e c t  the s t ruc tu re  o f  the metamorphic basement through 

the over ly ing volcanic rocks. To the northwest, feature 18 i s  abrupt ly 

terminated e i t he r  by c i r c u l a r  feature 12 o r  a f a u l t  zone (Foster, 1970; 

Griscom, 1976). Feature 18 seems t o  be terminated on the east by a ser ies 

of north-trending lineaments possibly associated w i t h  lineament A. Arcu- 

a te  feature 19 may be associated w i t h  the postulated major northeast- 

t rending f racture zone between 1 ineaments K and L. This associat ion i s  

suggested by our conjectured s t ruc tu ra l  ax is  f o r  the feature which near ly  

a1 ines w i t h  an aeromagnetical l y  i n fe r red  f a u l t  (Griscom, 1976) and coin- 

cides w i t h  1 ineaments we've observed on Landsat imagery. 

Color anomal i e s  

Var iat ions i n  the spectral responses f o r  rock and s o i l  types are d i f -  

f i c u l  t t o  assess on the computer-enhanced Landsat imagery o f  the Tanacross 

quadrangle because the area has such a heavy vegetat ion cover. In  the 

Nabesna quadrangl e (A1 b e r t  , 1975) and the McCarthy quadrangl e (A1 be r t  and 

Steel e, 1976) computer-enhanced simulated natural  co l o r  imagery he1 ped 

t o  i d e n t i f y  areas of iron-oxide colorat ion.  I n  the Tanacross quad- 

rang1 e, however, a simi 1 a r  i ron-oxide co lo ra t ion  i s  present 
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v i r t u a l l y  everywhere above the t imber l ine,  as well  as i n  wet lowland areas. 

This co lora t ion i s  apparently p a r t i a l l y  caused by vegetation beginning t o  

grow i n  areas where the snow cover has j u s t  melted (Foster, o ra l  commun., 

1976) and, p a r t i c u l a r l y  i n  the Alaska Range, by actual i ron-oxide colored 

areas. We are not  able, however, t o  d i f f e r e n t i a t e  these two phenomena on 

the Landsat imagery and are thus unable t o  map mineralogical l y  meaningful 

i ron-oxide colored areas. Nevertheless , addi t iona l  computer processing 

of CCT's could r e s u l t  i n  the d i f f e r e n t i a t i o n  o f  these two phenomena. 

Vegetation stresses (extraordinary changes i n  growth character is t ics  

which may be caused by anomalous concentrations o f  metals) are d i f f i c u l t  

t o  d is t ingu ish  from var ia t ions  i n  the  vegetation cover caused by numerous 

forest  f i r e  scars, permafrost, and other fac tors  w i t h i n  the quadrangle. 

A1 though other co lo r  var ia t ions are v i s i b l e  on the Landsat imagery, they 

are mostly re la ted  t o  vegetat ion changes caused by physiography and seem 

t o  have l i t t l e  o r  no r e l a t i o n  t o  mineralogic changes. 

No cor re la t ion  i s  evident between co lo r  var ia t ions observed on Land- 

sat imagery and geophysical data, geochemical data, o r  known mineral 

deposits. 

CONCLUSIONS 

Numerous 1 ineaments recognized i n  the Tanacross quadrangle can be 

extended for  many hundreds o f  kilometers, commonly corresponding t o  geo- 

log ic ,  s t ruc tura l ,  tectonic,  and geophysical breaks and trends. The struc- 

t u r a l  and tec ton ic  character of the quadrangle seems t o  be c lose ly  re la ted  

t o  the longer 1 ineaments and t o  the regmatic shear pattern. A major 

northeast-trending f rac tu re  zone and a major east-trending s t ruc tu ra l  o r  



tec ton ic  break, both previously unrecognized, have been postulated. Most 

c i r c u l a r  features are associated w i t h  igneous i n t r us i ve  o r  extrusive rock 

types, and those t h a t  are  no t  c l e a r l y  associated w i t h  these rock types 

are probably re1 ated t o  covered i n t r u s i v e  bodies. The s ign i f icance of 

arcuate features i s  unclear, a1 though arcuate feature 18 seems t o  r e f l e c t  

the s t ruc ture  o f  the metamorphic basement through over ly ing volcanic rocks. 

Color anomal i e s  and iron-oxide colored areas, s im i l a r  t o  those described 

i n  the Nabesna (A1 ber t ,  1975) and McCarthy (A1 be r t  and Steele, 1976) 

quadrangles, are probably present i n  the Tanacross quadrangle. Because 

of the heavy vegetat ion cover and because spectral responses f o r  ce r ta in  

vegetation phenomena are s im i l a r  t o  those for  iron-oxide areas, we could 

not  specifically del ineate any minera log ica l ly  s i gn i f i can t  iron-oxide 

areas. 
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