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Geochemical studies were conducted I n  the 1' x 3' Wiseman quadrangle I n  
the cent ra l  Brooks Range, Alaska I n  197711982 by the Uni tcd States Geological 
Survey (USGS) under the Alaska Mineral Resource Assessment Prograw (AMRAP) and 
i n  cooperation w i t h  the State of Alaska Departwnt of Natural Resources, 
Oiv i  s ion o f  6eological and Geophysical Surveys (OGGS). Addi t i ona l  
invest igat ions by other USGS and DGGS personml consisted o f  mapping bedrock 
and s u r f i c i a l  deposits, and co l l ec t i on  of gravity, aeramagnetic, and other  
geophysical data. The geochemical invest igat ion included the co l l ec t l on  o f  
samples of: stream sediment, panned concentrates from stream sediments, 
rocks, and pebbles from stream bedload. 

GEOLOGY 

The bedrock geology o f  the Wiseman quadrangle has been mapped by D i  l l o n  
and others (1986); t h e i r  generalized map i s  the geologic base f o r  p lates 1 and 
2 o f  t h i s  report. The s u r f i c i a l  geology has been separately mapped by 
Hamilton (1979). The unconsolidated deposits he mapped are shown as a s ing le  
generalized u n i t  on p la tes 1 and 2. They consist mainly of g l ac ia l  d r i f t  and 
lake beds tha t  f ill the larger val leys and cover most o f  the lowlands south o f  
the Brooks Range. Oepth t o  bedrock beneath some of the va l ley  deposits i s  as 
much as 250 ft on Glacier  Creek, more than 365 ft  on Wiseman Creek, and 100 t o  
275 f t  on Rosie Creek (Reed, 1938). 

Bedrock i n  the Wiseman quadrangle ranges i n  age from Proterozoic t o  
Cretaceous, and i n  degree of metamorphism from polymetamorphic gneiss o f  the 
amphibolfte facies t o  completely unmetamorphosed rocks (D i l l on  and others, 
1986). However, most of the rocks i n  the quadrangle are ~ebon ian  o r  older, 
and most are i n  the greenschist facies of metamorphism. I n  t h i s  repor t  the 
bedrock u n i t s  are grouped i n t o  s i x  areal subdivisions: I, Angayucham; 11, 
Schist bel t ;  111, Skaj i t ;  IV ,  Beaucoup-Whiteface; V, Doonerak, and V I ,  
Endicott. The age and l i tho logy  o f  the rocks i n  each subdivision i s  described 
i n  the section on Geochemical L i thologic Subdivisions. The s t ruc tu ra l  se t t i ng  
f o r  these subdivisions i s  described below and i l l us t ra ted  by the cross sect ion 
(plates 1 and 2 ) .  

The youngest and least metamorphosed rocks are those along the southern 
margin o f  the quadrangle. I n  tha t  area, volcanic rocks, graywacke, and cher t  
of Mississippian t o  Tr iass lc  age form the outlying mountains a t  the south edge 
o f  the Brooks Range and are over la in  i n  the foo th i l l s  t o  the south by 
Cretaceous sandstone, conglomrate, and shale that are p a r t l y  nomarine, The 
volcanic rocks and graywacke have been thrust  northward over the schists o f  
the southern Brooks Range along a thrust  fau l t  system of regional extent--The 
Angayucham Thrust System (Jones and others, 1984)--and have been s l i g h t l y  
metamorphosed t o  prehni te-pumpel l y i  t e  and greenschist f aci  es (Dusel-Bacon and 
others, i n  press). According t o  Jones and others (1984). t h i s  th rus t  system 
i s  a major l i t ho tec ton i c  terrane boundary between the Angayucham terrane on 
the south and the A rc t i c  Alaska terrane, which comprises a l l  o f  the rocks t o  
the north. The folded but umetamorphosed mid-Cretaceous sediments o f  the 
Koyukuk basin tha t  over1 i e  the volcanic rocks of the Angayucham terrane 
evident ly are younger than the thrust ing and metamorphism, because they 
contain abundant c l as t s  of the Brooks Range mtamorphic rocks as w e l l  as 
c las ts  o f  the nearby volcanic rocks (D i l l on  and Smiley, 1984). Thus, the age 
of thrust ing and o f  the l a tes t  metamorphism i s  probably Jurassic t o  Ear ly 
Cretaceous, and the regional metamorphism i n  the Brooks Range i s  probably the 



r esu l t  o f  tec ton ic  bur ia l  beneath the volcanic rocks th rus t  over them from the 
south. 

North of the Angayucham Thrust Zone, the Arc t i c  Alaska terrane (Brooks 
Range) cons i r t s  o f  a series o f  i h r i c a t e d  and folded t h rus t  p lates o f  
Paleozoic and Proterozoic rocks i n  which the i n tens i t y  of  fo ld ing  and 
metamorphism, as we1 1 as the age of the exposed rocks, decreases northward, 
but the hor izonta l  displacement remains great. Any contact may be a bedding 
plane fau l t .  Thrusting and overturning seems generally t o  have been di rected 
northward, bu t  the s t ructura l  trends are not continuous from south t o  north. 
A t  the southern edge o f  the range, an east-west trending b e l t  of schist  10 t o  
15 m i  wide i s  roughly para l le l  t o  the adjacent Angayucham Thrust System, Thfs 
southern b e l t  i s  composed o f  schist,  marble, and metavolcanic rocks o f  the 
greenschist fac ies and some rocks o f  the amphi b o l i t e  fac ies tha t  have been 
retrograded t o  greenschi s t .  Another east-west s t r i k i n g  be1 t tha t  crosses the  
northern quarter  o f  the quadrangle i s  composed of s l i g h t l y  metamorphosed Upper 
Devonian t o  Tr iass ic  sedimentary rocks. This northern b e l t  i s  par t  of the 
folded t h rus t  system tha t  forms the north f ront  o f  the Brooks Range, I n  each 
o f  these two bel ts,  a few  key rock un i t s  can be traced completely across the  
quadrangle. Between the northern and southern be1 ts, the cont i nu i  ty  o f  rock 
un i t s  and t h rus t  p lates i n  the middle half of the quadrangle i s  disrupted by a 
broad arch t h a t  trends diagonally across the quadrangle from SW t o  NE, and by 
two large synforms on the f lanks o f  the arch. Erosion of folded thrust  p la tes 
has exposed a large window on the arch near M t .  Ooonerak and has preserved 
probable k l ippen  i n  the synforms near Crag Peak and Jesse Mountain. 

The two 1 inear be l ts  are bounded almost continuously by fau l ts ,  The 
schist  b e l t  j u s t  north o f  the Angayucham thrust  system has been thrust  over 
the rocks t o  the north. The b e l t  o f  Upper Oevonian t o  Tr iass ic  rocks has been 
overthrust on the southwest by older Devonian rocks o f  the Crag Peak synform, 
and on the southeast has been th rus t  over the Upper and Lower Paleozoic rocks 
i n  the Mt .  Ooonerak wf ndow. 

I n  order t o  in terpret  the geochemical data, the rocks o f  the quadrangle 
are described i n  the next section o f  t h i s  report under s i x  areal subdivisi~ons 
t ha t  correspond closely t o  these main structural  elements. The Angayucham 
subdivision includes a l l  the rocks south of the Angayucham Thrust System, the  
Schist Be1 t subdivision includes a l l  the rocks o f  the southern b e l t  except 
some carbonate rocks of the Ska j i t  Limestone along i t s  northern edge, and the 
Endicott subdiv is ion includes a l l  the rocks i n  the northen l i nea r  be l t  o f  
Upper Oevonian t o  Tr iassic rock. The three remaining subdivisions are i n  t he  
cent ra l  pa r t  o f  the quadrangle. The Ooonerak subdivision includes a l l  the 
Lower Paleozoic rocks w i th in  the Doonerak window a t  the NE end o f  the arch 
tha t  trends across the quadrangle. The Ska j i t  subdivision includes the 
Proterozoic basement gneiss and over ly ing Ska j i t  Limestone above the Ooonerak 
window a t  the SW end o f  t h i s  arch, as well  as the minor amount o f  Ska j i t  
Limestone involved i n  the 1 i near sch is t  be1 t. The Beaucoup-Whiteface 
subdivision includes a l l  of the Devonian o r  older metaclastic rocks i n  the two 
broad synforms f lanking the arch, as we1 1 as those i n  a narrow an t i c l i ne  along 
Wiseman Creek tha t  separates the Jesse Mountain synform from the north edge o f  
the schist  be l t .  The number of th rus t  plates wi th in  these two synforms may be 
greater than i s  shown on the geologic map. Devonlan f oss i l s  have been found 
a t  several hor itons, but the recent discovery of Cambrian and Ordovician 
foss i l s  not f a r  below Devonian f o s s i l s  i n  s imi lar  rocks i n  the Chandalar 
quadrangle ( D i  1 lon, unpubl ished data) suggests that  lower Paleozoic rocks may 
l i e  along f a u l t s  between some o f  the Devonian rocks i n  the synfoms. 



The th rus t  system tha t  dips northward and southward from the Doonerak 
window probably under1 i es  a1 1 of the other subdivisions north o f  the schEst 
b e l t  (see p la te  1 X section). It I s  most evident a t  the east end o f  the 
window where the Upper Devonian Hunt Fork Shale and Beaucoup Formation i n  the 
upper p l a t e  are th rus t  over Misslssfppian rocks on both f lanks o f  the 
window. The th ick,  nor ther ly  derived Upper Devonian c l as t i c  sequence i n  the 
northern Brooks Range, of which the Hunt Fork i s  the lower and f ine r  grained 
part ,  i s  missing between the Mississipplan rocks and the Cambrian t o  S i l u r i a n  
rocks o f  the lower p l a te  w i t h i n  the window, just as it i s  missing beneath the 
Mississippian rocks i n  the subsurf ace o f  the North Slope subsurf ace. 
According t o  Mu1 1 and others (1976) and Jones and others (1984), the Lower 
Paleozoic basement rocks o f  the North Slope, unconfomably over la in  by 
Mississippian rocks, l i e  a t  depth beneath the northern Brooks Range and r i s e  
t o  the surface i n  the window a t  M t .  Doonerak. The f a u l t  between these rocks 
and the over ly ing Hunt Fork Shale continues northward from M t .  Doonerak 
beneath a l l  the exposed Upper Devonian t o  Tr iass ic  rocks i n  the northern 
Brooks Range. They have moved northward along t h i s  f a u l t  from somewhere south 
o f  M t .  Doonerak, Thus, the rocks o f  the Endicot t  subdivision, which l i e s  on 
the nor th  f lank o f  the window, are an al lochthon above t h i s  f au l t  t ha t  has 
moved northward a t  l eas t  60 mi .  

The same f a u l t  must under l ie the rocks of the Beaucoup-Whiteface 
subdiv is ion south of the window. Mississippian rocks have not been found 
along most o f  the south f lank o f  the window, so the location o f  the f a u l t  
between S i l u r i an  o r  o lder rocks i n  the lower p l a t e  and Devonian o r  o lder  rocks 
i n  the upper p la te  must be inferred. However, the Hunt Fork Shale crops out  
continuously i n  the upper p la te  about 2 m i  south of the inferred f au l t .  
Inasmuch as the Hunt Fork Shale i s  the southern, d i s t a l  pact o f  the Upper 
Devonian c l a s t i c  sequence (Brosge and Tai 1 leur,  1970), these rocks probably 
or ig inated far ther  south than some o f  the coarser grained rocks i n  the 
Endicot t  subdivision and thus have also been transported northward. The Hunt 
Fork Shale i s  present i n  both the Beaucoup-Whiteface subdivision and the 
S k a j i t  subdivision. I n  the la t te r ,  i t  over l i es  the Ska j i t  Limestone, so the 
S k a j i t  must also be par t  o f  the upper p l a te  o f  the Ooonerak window. 

The geochemical r esu l t s  were found t o  be so var iable that  a be t t e r  
in te rp re ta t ion  could be made i f  the quadrangle was subdivided i n t o  s i x  areas, 
each w i t h  s i gn i f i can t l y  d i f f e ren t  geochemical populations and bedrock 
l i t ho log ies .  We have designated these areas as "geochemical l i t h o l o g i c  
s u b d i v i s i ~ n s . ~  The boundaries o f  these subdivisions are located a t  major 
changes i n  the geochemistry, and are drawn t o  fo l low important geologic 
contacts t ha t  coincide w i t h  those changes. The boundaries o f  these 
subdivisions are shown on plates 1 and 2 and on fqgures 1 and 2. The geology 
of each subdivision i s  summarized below, 

Subdivision I - -Aff iAYUCW 

Lithology: Bedrock i s  mostly covered by g lac ia l  and a1 l u v i a l  deposits. 
I n  and adjacent t o  the Brooks Range, bedrock i s  dark gray phyl l i t e  and 
graywacke, maf i c  volcanic rocks, and minor rad io la r ian  chert, a1 1 o f  Late 
Paleozoic t o  Tr iassic age. I n  the Koyukuk basin, bedrock i s  Cretaceous marine 
and non-mari ne sandstone, shale, and conglomerate. The northern boundary o f  
the subdivision i s  the Angayucham Thrust Zone i n  the east and the younger 
Malamute r i gh t - l a t e ra l  f au l t  i n  the west. 



Metamorphic facies: The Cretaceous c l a s t i c  rocks are urmetamorphosed; 
the volcanic rocks are p a r t l y  i n  the prehnite-pumpellyite metamorphic facies; 
and the graywacke and phyl l i t e  are I n  the lower greenschist facie$ (Dusel- 
Bacon and others, i n  press). 

Subdivision 11-SCHIST BELT 

Lithology: This subdivision contains most o f  the coarse-grained quartz 
sch is t  i n  the quadrangle. Coarse-grained mica-quartz schist  of possible Ear ly  
Paleozoic t o  Proterozolc age i s  exposed i n  about h a l f  of the area, mainly i n  
the eastern and southern parts. This schist  i s  underlain i n  the east by 
in ter layered mica-quartz schist, calcareous schist, and marble also o f  
uncertain age. These schists plunge generally westward. I n  the western ha l f  
o f  the subdivision, the coarse-grained sch is t  i s  over la in  by the Devonian 
Ambler metavolcanic rocks consist ing o f  interlayered black sch is t  and 
quartz i te,  marble, and abundant mafic and f e l s i c  volcanic rocks. The 
northernmost rocks o f  the subdivision f o r  most o f  i t s  extent are black f ine- 
grained schists, quar t t i  te, and some metaconglomerate i n  two overturned 
syncl ines tha t  appear t o  be the s t ra t igraphica l ly  highest rocks i n  the 
subdivision, although many o f  the contacts are faults. 

I n  addi t ion t o  the abundant volcanic rocks i n  the Ambler metavolcanic 
rocks, mafic and f e l s i c  dikes and s i l l s  are comnon i n  the coarse-grained 
schist ,  and two small g ran i t i c  bodies o f  Devonian age intrude the calcareous 
sch is t  a t  the Wild River and the Middle Fork o f  the Koyukuk. 

Metamorphic facies: A l l  o f  the rocks have greenschist facies mineral 
assemblages. About ha l f  of the rocks, mainly i n  the eastern and southern 
par ts  o f  the subdivision, also contain r e l i c t  amphibolite fpcies mineral 
assemblages (Dusel-Bacon and others, i n  press) including b lo t1  te, garnet, 
hornblende, and p l  agioclase. 

Subdivision 111--SKAJIT 

Lithology: The rocks are mostly marble and dolomite o f  the Ska j i t  
Limestone o f  Devonian and older (?) age. West o f  S ix ty  Mi le Creek, there also 
are extensive exposures of  inter layered schist, calcareous schist, quartz i te,  
p h y l l i t e ,  marble, and twtabasite o f  probable Proterozoic age tha t  under l ie the 
Ska j i t .  These older rocks are intruded by several small plutons o f  gran i te  
gneiss of probable Proterozoic age. The Ernie Lake pluton a t  the west edge o f  
the quadrangle I s  the largest. North o f  t h i s  pluton, a t  the head o f  
Mettenpherg Creek, i s  one small exposure of the Ambler metavolcanic rocks. 
East o f  the John River, black p h y l l i t e  o f  the Devonian Hunt Fork Shale along 
w i t h  inter layered c h l o r i t i c  phy l l i t e ,  carbonate rocks, and c h l o r i t i c  
calcareous metasandstow o f  probable Devonian age, over1 i e  the Ska ji t 
Limestone. I n  t h i s  area, large metabasite s i l l s  are common i n  the S k a j i t  
Limestone. 

Metamorphic facfes: Rocks i n  t h i s  subdivisian are i n  the greenschist 
facies. The Proterozoic (?) rocks surrounding the grani te-gneiss plutons are 
retrograded from the epidote-amphibolite facies and contain r e l i c t  garnet, 
b i o t i t e ,  hornblende, and loca l ly ,  kyanite. Similar facies occur along the 
southeast boundary of  the subdivision. 



SUM 4 v i  sion IV-BEAUCOUP-WHITEFACE 

Lithology: The rocks are almost en t i r e l y  c l a s t i c  metasediments o f  
several d i  f ferent  s t ra t igraphic  un i t s  shuffled together i n  broad th rus t  
sheets. These un i t s  include the Hunt Fork Shale and the Eeaucwp Fornation, 
both o f  Devonian age, and the rocks o f  Whiteface Mountain and o f  several other 
unnamed units, o f  Devonian o r  o lder age. Black p h y l l i  te, slate, and black 
metasi l tstone underl ie about one t h i r d  of the area, and c h l o r i t i c  phy l l i t e ,  
c h l o r i  t i c  metasi ltstone, sandstone, graywacke, and conglcnnarate underl i e  most 
o f  the rest .  Volcanic c las ts  are comnon i n  the graywackes along the 
northwestern and northeastern boundaries o f  the subdivislon. Thin beds of 
l i m s t o n e  occur i n  the phy l l i t es ,  and most p h y l l i t e s  are p a r t l y  calcareous. 
The only large outcrops o f  dolomite, 1 irnestone, and marble are i n  the S k a j i t  
Limestone along the North Fork Koyukuk and Glacier Rivers and east of 
Mashooshalluk Creek. Mafic volcanic rocks and mixed mafic and f e l s l c  
i n t r us i ve  rocks are comnon i n  and around the Ska j i t  outcrops. Fe ls ic  volcanic 
rocks t ha t  are probably equivalent t o  those i n  the Ambler metavolcanic rocks 
occur along the northern boundary o f  the subdivision from Redstar Mountain 
northeastward through Whiteface Mountain t o  the quadrangle boundary. 

Metamorphic facies: A1 1 o f  the rocks contain greenschi s t  f acies mineral 
assemblages. The only coarsely crys ta l1  ine schists are i n  the southern par t  
o f  the subdivision, where l oca l l y  they contain b i o t i t e .  Chlor i to id  i s  common 
i n  quartzose rocks throughout the subdivision, but theadegree of metamorphic 
r e c r y s t a l l  i za t ion  and f o l i a t i o n  decreases northward, so that  i n  the northern 
h a l f  o f  the area p h y l l i t e s  w i th  r e l f c t  sedimentary texture, bedding, and 
she1 l y  megafossi 1s predominate. 

Subdivision V--DOONERAK 

Lithology: The rocks are i n  the core of a doubly plunging an t i c l i ne  
which i s  a lso a s t ructura l  window. They consist mostly of black p h y l l i t e  and 
s i  l t s tone  o f  Cambrian through S i l u r i an  age. A t  the southwest end o f  the 
ant ic l ine,  red and green p h y l l i t e  and a r g i l l i t e ,  meta-tuff, and mtawacke o f  
possible Cambrian t o  Devonian age are interlayered w l t h  and p a r t l y  ove r l i e  the 
black phy l l i t es .  Meta-basite s i l l s  o f  probable Devonian age are common i n  a l l  
o f  these rocks. The northeastern quarter o f  the subdivision, around M t .  
Doonerak, i s  underlain mainly by andesit ic t o  basal t ic  vo lcan ic las t ic  rocks o f  
Ordovician and Cambrian (1)  age interlayered w i th  graywacke, tuf  faceous 
phy l l i t e ,  and black phyl l i t e ,  and intruded by basalt and diabase. 

The boundary o f  the subdivision follows the f a u l t s  that  bound the win~dow, 
except i n  the northeast, where Mississippian carbonate rocks w i t h i n  the window 
are excluded from t h i s  l i t h o l o g i c  subdivision. 

Metamorphic f acies: The metasedimntary rocks and metabasi t e  s i  11s are 
i n  the lower greenschist facies, and volcanic rocks i n  the northeast are i n  
the prehni te-pumpel l y i  t e  f acies. The metasediments contain white mica and 
l o c a l l y  contain iden t i f i ab le  she l ly  f oss i l s  and graptol i tes.  The Devonian (?) 
metabasite s i l l s  w i t h i n  the metasediments contain stilpnomelane and 
ac t ino l i te .  

Subdivision VI-ENDICOTT 

Lithology: Fine- and coarse-elastic sedimentary rocks o f  the Endicott 
Group o f  Late Devonian and Mississippian age under l ie almost a l l  o f  t h i s  
subdivision. Black s la te  and phyl li t e  o f  the Hunt Fork Shale underl i e  abowt 



h a l f  o f  the area, and l i e s  along most of the southern boundary o f  the 
subdivision. Marine shale and sandstone of the Noatak Sandstone, and non- 
mri re sandstone, conglomerate, and shale of the Kanayut Conglomerate under1 i e  
most of the remaining area. A sync1 ine a t  the head of the Tinayguk River 
contains sane black Kayak shale o f  the uppermost Endicot t  Group, but i s  mostly 
Lisburne Group 1 imestone, dolomite, and chert  of Mississ ippian age over la in  by 
varicolored, s l i g h t l y  b a r i t i c  shale and s i l t s t one  o f  Permian age. 

Carbonate rocks o f  the Lisburne Group and minor amounts o f  c l a s t i c  rocks 
o f  Mississippian t o  Tr iassic age a lso occur east of the North Fork of the 
Koyukuk River i n  a narrow band w i t h i n  the Doonerak window. These rocks l i e  
between the s t ra t ig raph ica l l y  underlying Lower Paleozoic rocks o f  the Doonerak 
subdiv is ion t o  the south and the s t r uc tu ra l l y  over ly ing Hunt Fork Shale t o  the 
north. Conglomerate o f  the Beaucoup Formation occurs l o c a l l y  along the f a u l t  
beneath the Hunt Fork i n  t h i s  area, and a narrow band of Beaucwp Fomnt ion 
conglomerate and 1 imestone 1 ies  d i r e c t l y  along the subdivision boundary 
between the North Fork and the Tinayguk Rivers. 

A few small maf l c  s i l l s  in t rude the Hunt Fork Shale, and minor amounts o f  
f e l s i c  t u f f  occur i n  both the Mississippian c l a s t i c  rocks and the Beaucoup 
Formation east of the North Fork. 

The southern boundary o f  the subdivision follows a series o f  faults. The 
boundary i s  a major south-dipping f a u l t  west o f  the A l len  River, where rocks 
o f  the Beaucoup-Whiteface subdivision have been th rus t  northward over the Hunt 
Fork Shale. Between the Tinayguk and North Fork Koyukuk Rivers, the boundary 
coincides w i t h  the in fer red major north-dipping f a u l t  tha t  separates the Hunt 
Fork Shale and Beaucoup Formation from the underlying Lower Paleozoic rocks o f  
the Doonerak window. East o f  the North Fork, the boundary l i e s  s l i g h t l y  south 
o f  t h i s  f a u l t  and fol lows the base o f  the Mississippian rocks w i t h i n  the 
window. 

Metamorphic facies: The less competent rocks and those lowest i n  the 
s t ra t ig raph ic  and s t ruc tura l  p i l e  show evidence of lower greenschist f acies 
metamorphism. The Hunt Fork Shale i s  ac tua l ly  p h y l l i t e  and slate, and 
together w i t h  the enclosed greenstone s i  11 s, contains lower greenschist f a c i  es 
mineral assemblages. The younger rocks s t r uc tu ra l l y  below the Hunt Fork h~ave 
polymetamorphic fabrics. The Kanayut Conglomerate and Lisburne Group 
carbonates s t ra t ig raph ica l l y  above the Hunt Fork do not contain metamorphic 
minerals although regional v i t r i n i  t e  reflectance data indicate temperatures 
reached more than 300°C (Brosge and others, 1981). 

ELEMENT SELECTION 

The elements selected f o r  discussion are dlv ided i n t o  three groups. The 
f i r s t  group contains those elements o f  potent ia l  economic s igni f icance t h a t  
comnonly occur we1 1 above the lower 1 i m i  t of ana ly t i ca l  determination and 
whose elemental concentration var ies markedly i n  d i f ferent  l i tho log ies.  These 
elements are Cu, Pb, Zn, and Ba. 

The elements i n  the second group are comnonly associated w i th  mineral 
deposits, but the analyt ical  l eve l  o f  determination by spectrographic methods 
i s  so high t ha t  nearly a l l  detectable values are s t a t i s t i c a l l y  s ign i f icant .  
These elements are Ag, Au, As, Bi, Sb, Sn, W, and Mo. 

The t h i r d  group are elements of less l i k e l y  economic significance, t ha t  
have values above the level  o f  determination. The elements show r e l a t i v e l y  
l i t t l e  va r ia t ion  among d i f f e ren t  l i t ho log ies ,  and t h e i r  d i s t r i b u t i o n  i s  not  
d i r e c t l y  re la ted t o  possible deposits i n  the quadrangle i n  any discernib le 
way. Their values are not anomalous i n  terms of the average abundance t h a t  



mlght be expected i n  the various l i t ho log ies  w i t h i n  t h l s  quadrangle. These 
elements are Be, B, Co, Cr, La, Nb, M i ,  Sc, Sr, V, Y, and Z r .  From t h l s  group 
only Co, N i ,  and Cr are discussed. 

Evaluation o f  the geochemical data of the Wiseman quadrangle i s  
com l i ca ted  by var ia t ion of the element concentrations r e f l e c t i n g  the various 
l i t h o l o g i c  uni ts.  The rocks contain a large percentage o f  black shales and 
f ine-grained c l a s t i c  rocks and the overa l l  metamorphic grade decreases t o  the 
north. Some o f  these 1 i tholog ic  u n i t s  contain unusual concentrations o f  
elements o f  potent ia l  economic signif icance and other associated minor 
elements, but lack hydrothermal l y  a1 tered and mineral ized rocks. They a lso 
lack the conspicuous su l f ide minerals of Cu, Pb, and Zn, a character is t ic  o f  
metal- r ich black shales. Therefore, the geochemical r e f l e c t  ions o f  1 i thology, 
geology, geological environments, and geophysical features require 
considerat ion of  associations among the elements. 

A t o t a l  o f  1,607 stream-sediment -samples and 1,257 panned heavy-mineral - 
concentrate samples from stream sediments were co l lec ted and analyzed f o r  t h i s  
geochemical evaluation. Sample description, co l l ec t i on  methods, media 
select ion, sample preparation, ana ly t ica l  resul ts,  s t a t i s t i c a l  data, and 
ana ly t i ca l  techniques are given i n  D i l l o n  and others (1981a, 1981b), O'Leary 
and others (1984), and Cathra l l  and others (1984). . 

Additional geochemical data was obtained from the National Uranium 
Resource Evaluation and nationwide Hydrogeochemi ca l  and Stream Sediment 
program o f  the U.S. Department o f  Energy. The repor t  and a magnetic tape 
provided by the Los Alamos S c i e n t i f i c  Laboratories, 1981, \os Alamos, N. Mex., 
and the Oak Ridge Gaseous D i f fus ion  Plant, 1981, Oak Ridge, Tenn., a l low a 
sumnary o f  the pr inc ipa l  features of t h i s  geochemical data, and corroborates 
our geochemical data (Cathral l ,  J. B., Hoffman, J. D., Miesch, A. T., Wilch, 
L. O., and Lewis, J. S., 1983, Summary of selected geochemical data from U.S. 
Department of Energy. National Uranium Resource Evaluation on sediment 
samples from the Wiseman quadrangle, Alaska: U.S. Geological Survey 
Administrat ive Report, 55 p. On f i l e  a t  Technical Data Unit, Branch o f  Alaska 
Geology, U.S. Geological Survey, 345 Middlef i e l d  Road, Menlo Park, - 
Ca l i fo rn ia  94025). 

The fo l lowing system has been devised for  f igures 2 t o  34, tables 1 and 
2, and the re la ted text. 

Flgure 2 i s  a master map, o r  template, for  use i n  or ient ing f igures 3 t o  
34. The f igu re  shws la t i tude,  longitude, scale, major drainages, ou t l i ne  o f  
the 24 (scale 1:63,360) i nd iv idua l  quadrangles t ha t  make up the Wiseman 
(1:250,000 scale, 1' x 3") quadrangle, and the s i x  selected geochemical 
l i t h o l o g i c  subdivisions. 

The s i x  geochemical 1 i tho log ic  subdivisions described e a r l i e r  are shown 
on f igu res  1 and 2, and p la tes 1 and 2, are referred t o  as: I - Angayucham, 
I1 - Schist  Belt, 111 - Ska j i t ,  I V  - Beaucoup-Whiteface, V - Doonerak, and V I  - Endicott. Within these un i ts ,  elemental concentrations fram stream-sediment 
and the nomagnetic f r a c t i o n  o f  heavy-mi neral concentrat ions from stream 
sediments were s t a t i s t i c a l l y  analyzed separately. The analyses show t h a t  
geochemical signatures are d i f f e r e n t  for  each of the geochemical-1 i t ho log i c  
subdivisions and indicate t ha t  the lower l i m i t  of anomalous concentrations of 
selected elements vary from subdivision t o  subdivision (tables 1 and 2). The 
threshold values f o r  each o f  the subd i v i s i ~ns  were determined by inspect ion o f  
histograms and percent i le tables and consideration o f  (1) the average c rus ta l  



abundance of the determined elements i n  the d i f ferent  l i t h o l o g i c  un i t s  
( f o l  lowing Levinson, 1974; and Krausckopf, 1967), and (2) previously 
establ ished threshold values I n  adjoining quadrangles having the same 
li thologies ( f rom:  P h i l  l p  Smith Mountains, Rclser and others, 1983; Survey 
Pass, Cathra l l  and others, 1979 a,b; and Chandalar, Reiser and others, 
1979). The histograms and percent i le tables were created from analy t ica l  data 
r e t r i eved  from the U.S. Geological Survey computer-based f i l e ,  RASS (Rock 
Analysis Storage System) (VanTrum and Miesch, 1977). The threshold values o f  
the elements I n  the s i x  subdivisions range from concentrations occurr ing a t  
the 80th t o  the 99th percent i le  of the sample populations (tables 1 and 2). 
Some o f  the elements shown on tables 1 and 2 are not present i n  anomalous 
amounts i n  some subdivisions. They e i ther  show l i t t l e  va r ia t ion  w i t h i n  an 
area o r  t h e i r  variance can be explained when compared t o  the average c rus ta l  
abundance f o r  the various rock units. 

Figures 3A and 38 are l o c a l i t y  maps showing the s i t es  a t  which the 
stream-sediment samples and panned heavy-mineral -concentrate samples from 
stream sediments were co1 lected. 

Figures 4 t o  34 are a series of computer-generated single-element 
geochemical maps t ha t  are the bui ld ing blocks f o r  the multi-element maps 
(plates 1 and 2). These single-element maps are the basis f o r  i n te rp re t ing  
the geochemistry o f  the Wiseman quadrangle. They show the observed element 
d i s t r i b u t i o n  i n  the e n t i r e  quadrangle without correct ion f o r  loca l  geology o r  
l oca l  geochemical background. The symbols represent the approximate 
percent1 l e  o f  the ove ra l l  population of values o r  range a f  values f o r  each 
element measured a t  the respective local  i ty .  

N, used i n  the concentration column on some f igures, indicates the 
element was not detected a t  the value shown; L, indicates detected, but  less 
than the value shown. Percenti les were not used on f igures 11 (Bi), 13 (Au), 
14 Sn), and 28 (Au) since few detections were reported. Figures 13 (Au) and 
28 t Au) show symbols on ly  a t  s i tes  where gold was detected. A l l  other f igures 
include symbols f o r  a l l  samples col lected and analyzed. Figure 12 (Hg) shows 
symbols on ly  i n  the two areas f o r  which Hg analyses were made. 

The method o f  analyses (S, semiquantitative di rect-current  arc emission 
spectroscopy; AA - atomic absorption spectrometry; CM - color imetr ic ;  I ns t  - 
instrumental), e l e m n t  (by use o f  chemical symbols), and sample type (seds - 
stream sediment; C3 - normagnetic heavy-mi neral  concentrates f tom s t  ream 
sediment) are l i s t e d  a t  the bottom of each map. 

Tables 3 through 8 sumarize the geochemical anomalies w i t h i n  the Wiseman 
quadrangle based on the geochemical data and geology. Each tab le  i s  f o r  one 
of the geochemical- l i thologic subdivisions shown on plates 1 and 2. The 
tables l i s t  the areas o f  geochemical anomalies; describe the geologic u n i t s  
associated w i t h  each anomalous area; l i s t  the anomalous elements; and 
sumnarize the suspected and (or) permissive types o f  deposits that may e x i s t  
and the c r i t e r i a  f o r  select ion. Deposit types are consistent w i th  those found 
i n  Cox (1983a. 1983b) and Singer and Mosier (1983a, 1983b). Figure 1 and 
plates 1 and 2 show the locat ion o f  the areas of major geochemical anomalies 
i n  t h e i r  respective geochemical l i t ho l og i c  subdivision as l i s t e d  i n  tables 
3-8. Geochemically anomalous areas are only one par t  o f  the c r i t e r i a  f o r  
areas permissible f o r  spec i f i c  deposit types. The comprehensive mineral- 
resource assessment f o r  the quadrangle i s  being prepared. 
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TABLE 2. --Lower 1 I m i  ts o f  anomalous concentrat ions fo r  selected elements from the nomagnet lc  fraction of  heavy-mlneral 
concentrates frun stream sedtments for six (I-VI) geochemlcal Ilthologic subdivisions in the Wiseman 1' x 3' quadrangle, 
Brooks Range, Alaska 

[ Values are reported In ppm (parts per mt 11 1 on) ; S, semiquanti t a t  ive spectrographic analyses; NA, not appl lcable; 
Angayucham-84, number of samples analyzed from the Angayucham geochemlcal lithologic unlt; %, percentile of the 
lower llmit of anomalous concentration wlthln the sample population] 

Element and 
Geochemical Litholonic Unf ts  

I I I I I I I V  v V I  
method of  Schist Beaucoup 
ana 1 yses Angayucham-84 Be1 t-267 Skajit-186 Whfteface-377 Doonerak-149 Endtcott-196 

Copper - S 200 - 95 300 - 86 1,500 - 94 2,000 - 90 1,500 - 88 5,000 - 93 
w 

l W  
Lead - S 200 - 93 1,000 - 92 3,000 - 93 3,000 - 90 300 - 91 7,000 - 92 
Zinc - S 4 0 0  - 94 e500 - 86 1,500 - 93 2,000 - 92 1,500 - 93 ~ 0 , 0 0 0  - 93 
Barium - S >10,000 - 80 3,000 - 94 N A N A N A N A 
Silver - 5 5 - 94 5 - 94 10 - 91 10 - 88 5 - 89 10 - 88 
Arsenlc - S 1,000 - 99 700 - 92 1,000 - 89 700 - 88 1,000 - 92 1,000 - 96 
Antimony - S NA - 99 200 - 98 200 - 94 200 - 99 200 - 97 200 - 99 
Bfsm~th - S 20 - 99 20 - 97 20 - 94 20 - 90 HA 20 - 89 

I Gold - S <20 - 94 <20 - 99 ~ 2 0  - 99 (20 - 95 <20 - 98 ~ 2 0  - 99 
Molybdenum - S HA N A 70 - 99 ' 15 - 98 15 - 93 20 - 97 
Tin - S 100 - 90 70 - 94 70 - 94 50 - 96 20 - 97 100 - 98 
Tungsten - S 100 - 92 100 - 93 400 - 87 100 - 99 100 - 89 100 - 99 
Cobalt - S N A 500 - 99 500 - 97 500 - 97 MA 500 - 99 

I Nickel - S HA 300 - 99 WA 500 - 95 N A N A 
Chromium - S 700 - 98 700 - 99 N A )I A 700 - 99 1,000 - 96 



TABLE 3.--Sumnary of the geochemical anomalous areas withln the Angqyucham geochemical lithologic subdlvlston ( I ) ,  
Wlseman 1" x 3' quadrangle, Brooks Range, Alaska 

(Anomalous elements shown In parentheses occur less frequently than those not i n  parentheses; (IV) geochemlcal llthologlc 
subdlvfsion code; geochemical anomalous areas and geochernlcal lithologic subdivistons are shown on f igure 1 and plates 
1 and 21 

Geologf c Anomal ou s 
Area map unlts Descrlptfon of  geologlc units e 1 ement s 

- - -- - - 

Permissive/suspected deposlt type, crlterla 
for selection, cmments on depostt genetics 

MzPzs METAGRAYWACKE AND PHYLLITE Cu, Pb, Zn, Ba, 
(Misstssipplan to Tr1asslc)-- (Mo, W) 
Metagraywacke and phyll 4 te 
with chert interlayers and 
metagabbro d l  kes. 

MzPzv MAFIC VOLCANIC ROCKS (Devonian 
to Lower Jurassic)--Pillow 
basalt, diabase, radiolarlan 
chert, and minor Ilmestone 
of the Angayucham Terrane. 

- - - - 

[Area 11 
A. Cyprus massive sulflde 

1. Favorable rocks: p l l l w  basalt, 
diabase, flne-grained chert and phylllte. 

2. Aeromagnettc highs indicate 
favorable rock type: MzPzv units 
both exposed and beneath Quaternary 
and Cretaceous cover often correlate 
wi th  magnetic highs. 

3. Favorable tectonlc settlng-- 
Angayucham Thrust System--a major 
oceanfc Ilthotectonfc terrane may 
Include oceanlc plateau or Island 
arc setting (Jones and others, 1984). 

Ks NONMARIUE AND MARINE SANDSTONE Au, Ag 
AND CONGLOMERATE--(Cretaceous, 
Alblan and (?) Cenomanlan) 
Nonmarlne conglomerate, 
marine sandstone, mudstone, - 
carbonaceous s ha1 e and 
coal, sandstone, siltstone, 
shale, and conglomerate. 

- A. ~jacer sold 
1. Historical ~roductlon and 

active placer operht 1 ons. 
2. Source appears to be from 

Quaternary surflcfal deposlts and 
Cretaceous (Ks)  rocks. 

3. The gold is partly derived from 
reconstitution o f  detrital gold, 
repreclpi tated gold f ram glacial 
meltwater, and from paleoplacers in 
the Cretaceous (Ks) rocks eroded from 
gold-rich Paleozoic rocks o f  the 
Schlst Belt to the north. 



Table 3,--Contf nued (Angayucham) 
- -- - - 

Geologic Anomalous 
Area map unlts Descrlptlon o f  geologic units e 1 ement s 

Perm3 ssl ve/suspected deposl t type, cr 1 teria 
for  selectlon, corrments on deposlt genettcs 

3 MzPzs See area 1. 
MzPzv 

Pb, fn, 
Ag* (Ao) 
(Sn, 

[Area 3) 
A. Cyprus masslve sulflde 

I .  See area 1 (Al -A3) .  
8. Placer qold 

1. Hlstorlcal productton and 
active placer operations on Twelve 
Mile Creek. 

4 MzPzv See area 1. Cu, Pb, Zn, Be 
Ks See area 2. Au, f ig ,  ( B i )  
Kg QUARTZ MONZONITE (Cretaceous Sn, W 

and (?) Jurassl c) --Coarse- 
gral ned, hornblende-blot i te 
quartz monzonite. 

5 MzPzv See area 1. 

- A, ~yprus masslve sulfide 
1. See Area 1 ( A 1  and A31. 
2. An anomalous aermagrktlc low 

occurs over maflc volcanlc rocks 
(MzPzv) rat her than an aeromagnet I c 

' h igh  as in areas 1, 3, and 5. 
Hydrothermal alteration frm Quartz 
MonzonIte (Kg) may have destroyed 
magnetite. - 
0 .  Placer qold 

I. Hlstortcal ~roduction and 
active placer operations on South Fork 
of Koyukuk River. 

2. See area 2 (A2 and A3). 

Cu, Zn, Ba, (Cr) 
Sn 

[Area 51 
A. Cyprus massive sulfide 

1. See area 1 (A1-A3). 

6. 0s SURFICIAL DEPOSITS 
(Quaternary)--6lacla7 
deposits, alluvfum, and 
colluvfum. 

Ag 
Mo, W A. ? 

1. The Ag, Mo, W anomaly north o f  
area 5 may be related to Quaternary (Qs) 
glacial deposfts derlved from the 
granf te gneiss (Pg) In the Ernie Lake 
area to the north. 



TABLE 4. Summary of the geochfcal anomalous areas within the Schlst Belt geochemical Ilthologlc suMlvlslon (11). 
Wiseman 1" x 3' quadrangle, Brooks Range, Alaska 

IAnomalous elements shown In parentheses occur less frequently than those not in parentheses; ( IV) geochemlcal I 1  thologlc 
subdivision code; major geochemlcal anomalous areas and geochemical lithologic subdlvlslons are shown on ffgure 1 and 
plates 1 and 21 

Geologic Anoma I ou s 
Area map units DescrIptlon of geologic unlts e 1 ements 

Permi sslve/suspected deposl t type, crl terla 
for selection, c m n t s  on deposlt genetlcs 

PzPs SCHIST (Lower Paleozoic or 
Proterozoic--Coarse mica 
schtst and paragnelss with 
lenses and bands o f  black, 
graphitic schlst In muscovite 
quartzite and quarto 
feldspathlc schlst and a 
few layers of marble and 
calcareous schist. 

PzPcs CALCAREOUS SCHIST (Paleozol c 
and Proterozoic) --Calcareous 
Calcareous schf st with 
layers of marble and PzPs. 

og GRANITE GNEISS (Devonl an and 
Devonl an?) --Coarse-gral ned , 
muscovi te-blot1 te quartz 
monzonite gnel ss. 

Dt TACTITE (Devoni an?) --Cal c- 
sl 1 lcate hornfels and skarn. 

Cu, Pb, Zn, (Ba) [Area 11 
Au, Ag, AS, ( ~ b )  
(Mo, Sn, M) 

A. Copper and tunqsten skarn 
1. Favorable host rocks. 
2. Favorable envlronment and 

depositional settlng. Miogeosyncllnal 
sequence with mtxed shale and 
carbonate protollths Intruded by 
quartz monzoni te gneiss (Dg) . 

3. Magnetic low: the exposed 
' quartz monzonl te gnet ss (Dg) m a y  be 
part of a larger hfdden pluton with 
buried cupolas. 
8. Sedlment-hosted, submarine 

exhalative Zn-Pb 
1. Favorable host rocks: black, 

graphic schist .  
C. Placer qold 

1. HIstorlcal production and 
act 3 ve pt acer operht i ons. 

2 PzPs See area 1. 
PzPcs 

Cu, Zn, Ba, ( N i )  
As, Sb, (Ag) 
b, W ,  (Sn) 

- A. ~edjmentary-hosted submarfne 
exhal at ve Zn-Pb 

1. Favorable host rocks of the 
Hunt Fork Schist (Dhs): euxlnlc 
rocks, black, organic-rich shale, 
sj 1 tstone and sandstone. 

2. Favorable geologlc deposltfonal 
envlronment . 

3. Metamorphism adequate to 
increase graln slze o f  metal l ic 
minerals. 
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TABLE 6.--Sunnary of the geochemlcal anomalous areas wlthin the Whiteface-Beaucoup geochemlcal llttrologlc suMlvislon ( IV) ,  
Wiseman 1' x 3' quadrangle, Brooks Range, Alaska 

[Anomalous elements shown in parentheses occur less frequently than those not In parentheses; (IV) geochemlcal lithologic 
subdi v i  slon code; geochemlcal anomalous areas and geochemical 11 tho1 ogic subdi v! sions are shown on f lgure 1 and plates 
1 and 21 

Geologic Anomalous Perml ss l  ve/suspected deposl t type, crl terf a 
Area map units Description of geologfc unfts elements fo r  selectfon, comnents on deposit genetics 

Dhf? HUNT FORK SHALE (Upper Devonian)-- Pb, fn, (Ba, Ni) 
8lack slate and phylllte, mfnor Ag, As, B I  
fossiliferous limestone; llthic (Mo) 
wacke locally fn upper part; 
basal quartz-chert clast 
cong 1 omerate and sandstone. 

Dbcw CALCAREOUS CHLORITIC WACKE (Middle 
or Upper Devon f an?) - -Uppe~ part ; 
calcareous nacke wlth common 
plagfoclase clasts. tower part; 
interbedded calcareous, 
limonitic quartz sandstone and 
conglomerate, 1 lmestone, and 
gray, red, and green phylllte. 
Local basal conglomerate. 
Correlates wIth Dw. 

Dbs BLACK SLATE, PHYLLITE, AND 
LIMESTONE (Middle or Upper 
Devonian or older?)--01 ack 
calcareous, phyllltic 
siltstone, slate, and quartzite 
wlth lenses of brown dolomite; 
black, calcareous phyll lte and 
schist with thin lfmestone 
f nterbeds. No faunal control. 
In part resembles fosslllferous 
Ordovicfan rocks of  Chandalar 
quadrangle (Dillon, pers. corn.). 

[Area 11 
A. Sedimentary-hosted submarfne 

exhalative Zn-Pb 
1. Favorable host rocks - mainly 

organic-rlch, black, rusty, flneOgGined 
siliceous clastlc rocks and local 
sandstone and conglomerate fnterbedded 
with black 1 lmonitlc marlne I lmestone. 

2. Favorable deposltlonal 
environment: shallow marine w l t h  
euxlnic sapropellc facies. 

3. Favorable tectontc envfrorment: 
rapid facfes changes, syndepositlonal 
conglomerates, and dlstrlbution of 
basement rocks suggest extensional 
tectonics and basement-controlled high- 
angle faults. 
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TABLE 6. Continued (White-Beaucoup) 

Geologic Anomalous 
Area map units Description of geologlc unlts elements 

Permi ssive/suspected deposl t type, crl terl a 
for select lon, comments on deposl t genet i cs 

4 Dsc See area 2. Cu, (Zn, 8a, Pb) [Area 41  
Au, Ag, As, Sb, 01 A. Placer qold 

1. Historical production and active 
placer operations. 
0. Veins - preclous metals 

1. Axis of  aeromagnetic high 
D t TACTITE (Devonian?) --Calc-sl I icate sugggests burled pluton. 

hornfels and skarn. 2. Proper geochemical sfgnatures. 

5 Dhf See area 1. Pb, (Zn) [Area 5 1 - .  - 
Dbcw 
Dbc CONGLOMERATE (Mi ddl e or Upper Au, Ag B i ,  (As) 

Devonf an)--Quartz and chert- 
IU 
rn pebble congfomerate. 

Dbs See area 1. 
Dc CHLORITIC AND CARBONATE ROCKS 

(Mi dd 1 e or Upper Devon f an?) -- 
Green and gray phylllte and 
dolomfte; chlorItlc, calcareous 
metasandstone and marble; and 
carbonate-clast conglomerate. 

A. ~edjmentary-hosted submarl ne 
exhal at ive Zn-Pb 

1. See area 1 tA1-A31. 
I - 

0. Placer gold 
1. See area 4 ( A l )  . 

6 Dbcw See area 1. 
Dbs * Cu, Pb; (Co, Nl) [Area 61 

A. Placer qold 
Au, Ag, As, Sb, 01, (Hg) 1. Historical production and 

Sn, W 
several active placer operatlons. 
B. Slmple stibnite vein 

1. Stibnfte velns exposed nt 
several localities. 
C. Copper skarn 

1. Favorable host rocks: Dbcw and 
Dbs contaln carbonates. 

2. Dillon and others (1985) Infer 
that the magnetlc high over calc- 
sllicate hornfelses and skarns and 
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TABLE 8.--Contf nued (Endlcott) 

Geologlc 
Area map un l ts  Description of geologlc units 

Anomal ous 
elements 

Permisslve/suspected deposlt type, crlterfa 
for selection, comnent s on depos 4 t genet f cs 

UPPER ENDICOTT GROUP 

KAYAK SHALE (tower 
M l s s i s s ~ p p ~ a n  fossf Is)-- 
Black shale and mlnor 
1 Intestone. 

KEKIKTUK CONGLOMERATE 
(Mississf pp1an)--Quartz1 t e  
and mlnor conglomerate. 
Felsic volcanlclastlc 
fnterlayers and basal 
conglomerate. Occurs only 
I n  Doonerak fenster. 



' Figure 1.--Location of the areas of geochemical anornalles I n  their respective 
geochemical ilthologlc subdfvfsfon as illustrated i n  tables 3-8. Wiseman 
1' x 3' quadrangle. Brooks Range. Alaska. 

k o c h a l e r l  1 ltholo9lc 
urbdtvlrlons 

I .  Anqryuchm 
11. Schist Btlt 

111. SkrJlt 
1V. k8ucoup-Mhl t e  Fac 

V. DoonraL 
Y1. Indlcott - Subpuadrmple barndr+lt 

of the 1:250.000 scalm 
quadrangle 

A-0 Wtk-south urbqurdrclng 
desl nat ton ~Obts  of 
tlw 1:2w.m 
qurdrrng I t  

1-6 East-uest subqusdranglt 
derl lutton codes of 
tN i:rw.mo 
qurdrrnglr 
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