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Analyses of rock and stream-sediment samples from the 

Ketchikan quadrangle, southeastern Alaska ' 

by 

R. D. Koch, R. L. Elliott, 8. C. Berg, and J. G. S m i t h  

f NTRODUCTION 

This report contains the analytical data and a statistical strmmary 

for 1135 rock and 785 stream-sediment samples from the Ketchifran 1:250,000- 

scale quadrangle, southeastern Alaska. These data are from samples col- 

lected by U.S. Geological Survey gsalogists and field assistants working 

on four d i f fe ran t  USGS projects between 1968 and 1975. They ccmprise 

all of the normal rock and stream-sediment geochemical samples collected 

during USGS geological mapping investigations within the Ketcnikan quad- 

rangle through 1975. In addition, data for 182 samples collected by 
c. 

. u .s. : ~ureau of. engineers ~oln  L. pit- and ~ r t h v r  L. -li 

during the Granite Fiords Wilderness Study have been included. 

Studies in t h e  Ketchikan Area 

The only cwrehens ive  discussion of the geology of the en t i r e  

Ketchikan area 'is contain& in a report: by A. F. Buddington and Theodora 

Chapin (1929). Buddinqt.on (1929) also described the Hyder mining d i s t r i c t ,  

located near the Canadian border 120 hi northeast of Xetchikan. 

Recent geologic investigations i n  the Ketchikan area began with t h e  

Hyder project, which involved reconnaissance mapping in L'Ie Hyder area 

in 1968 ( S m i t h ,  in press) and in the Nakat Bay-Saca de Qua&a region in 1969 



and 1970 (Smith, 1973a, 1973b, 1973~). Mapping of Annette and Gravina 

: Islands was completed during the years lC68 to 1972 under the Xnnecte- 

Gravlna project (Berg, 1972, 1973). The only systematic geochemical sam- 

pling in the K e t c h i h  area w a s  conducted in conjuncciaa with recounais- 

saace geologic mapping of the Granite Fiords wilderness study area fa 1972 

and 1973 (Berg and ochers, in press). The USGS geochdcal data from this 

study were released in the form of a computer tape (Catalogue no, USGS- 

61374-009) which can b e  obtained from the ~ational Technical Inf ormarion 

Service, Department of Commerce, Springfield, Va. 22151. A reconnaissance i 
I 

investfgation of  the geology and mineral resources of the-entire 1:250,000- i 
scale geologic map of the Ketchikan quadrangle began in 2975 under the 

Alaskan Miaeral Resource kssessment Program (AMRAP) (Berg, Elliott, aad I 

i 
Koch, 1976). 

Samulinq 

a, The analytical data for the DSGS stream-sediment and rock samples are 1 
I 

given in Tables 5 and.6 respectively. The data for the V.S. Bureau of 1 
I 

Mines samples is given in Table 7, Locations of stream-sediment samples 
I 

i 

are shown on plate 1 and locations of rock  samples (includfng U.S. Bureau 

of  Mines sample localities) are shown on plate 2. USGS sample locations on 

plates 1 and 2 are designated by stat ion numbers. Samples reported in data 

tables 5 ,  6 and 7 are ident i f i ed  by station number, with letters appended 

to the s tat ion  numbers to distinguish different samples from t h e  same 

station. 

U. S . Geological Survey samples 

Standard procedures were fo l lowed i n  collecting and preparing samples, 

Stream-sediment samples were generally co l lec ted  from the active stream 

channel above the  h ighes t  high tide level, Where t h i s  was not possible, 

samples were collected from bank or terrace deposi ts  adjacent t o  the 



The rock samples are prfmarilp grab samples chosen to provide data oa 

background values for a l i t h o l o g i c  unit or to  investigate a mineralized 

occurrence or an outcrop that was conspicuously iron-stained or contained 

visible metallic minerals. In and around the Granite Fiords wilderness 

study area most rock sainples were taken at  or as close as poss ible  to pre- 
I 

planned helicopter landing s i tes  spaced approximately 1.5 to 3 hn apart. 

The majority of samples within t h i s  group can be considered to  b e  randamly 

chosen representatives of the dominant l i tho log i e s  near the sample .site. 
I 

Outside Granite Fiords, less systematic geochemical sampling was carried 
I 

out i n  conjunctfan with reconnaissance geologic mapping. For this reason, 
. . 

the sample papularioa is somewhat biased in favor of samples that were 

somehow abnormal (e. g . , iron-s tained or sulf ide-bearing) . No attmp t is 

. , made here t o  distinguish vein, iron-stained,  sulfide-bearing o r  other- 
. . . . 

... 

atypical samples from the majority* vhich were chosen t o  reerebent back- I 

ground values. 

U.S .  3ureau of I.iines sarnples 

The samples col lected by the  U . S .  Bureau of Mines come from ? m o m  

prospects, from mineralized areas identified during the Granite Fiords  

study, and from s i t e s  where USGS geochemical samples yielded anomalous 

analytical values. The USBM samples were generally different i n  purpose, 

material sampled and manner of collection from the USGS rock samples. 

S q l e s  from veins and mineralized zones were obtained either by cutting 

channels with a moil o r  by continuous c h i p  cuts. aroad mineralized zones 

were s a q l e d  by combining uniform chips taken by moil or sample pick a t  

?. 
regular intervals, usually 0.3 or 0 . 6  m (1 t o  3 ft) , across a represcnta- 

tive section. 



The sites sampled by the U.S. Bureau of Mines are shown on plate 2 

by site-numbers such as BM-1, BM-2, etc,  Table 9 lists t h e  sample numbers 

for each sampled area along with the site designation assigned in the 

Granite Fiords report. Detailed maps and descriptions of the U . S .  Bureau 

of Mines sample sites are given in the Granite Fiords report (Berg a d  

others, in press). Because of the  dLfferences i n  method and objective of 

sampling, the samiles collected by the Bureau of Unes are f i s t e d  

separate ly  (table 7)  and are not considered to be directly comgaradle to 

the rock samples collected by the USGS. 

Analytical procedures 

Stream-sediment samples were dried ,  sieved, and a s p l i t  of the -80 

e.: mesh fraction was aa lyzed .  Rock samples were pulverized and a s p l i t  was 
. . 

analyzed. Samples were anal?zed f o r  up to  30 elements by the six-step 

semi-quantitative spectrographic method, and f o r  gold, copper, lead and 

zinc by atomic absorption spectrophotornetry. The analyses for mercury 

were done by a flameless atomic absorption technique where mercury vapor 
:7 

is thermally released (Vaughn and McCarthy, 1964). Because the sampling 

was conducted during several projects by a umber of workers with different 

o b j e c t i v e s ,  the elements for which analyses were conducted varied fram t h e  

to rime. The semi-quaaritative spectrographic analyses were perm'ormed by 

J. E. Ahrams, K. J. Curry, G. W.' Day, R. T .  Hopkins, R.  C. Karlson, J. W. 

McNa;mara, J. 24. X~otooka ,  J. Reynolds, D .  Siems and C. Smith. The atomic 

absorption analyses were done by B .  B. Carten, J. A. Criswalf, 31. CxisweSl, 

e. J .  G. Frisken, H. D. King, R. W. Leinz, A .  L. Xeier, R. L. Miller, D. G. 

= .  



USBM G r a t e  Fiords 
Locality Site USBM Sample Numb'ers 

no. Designation 

-3 
BM-4 

BM- 5 
BM-6 

a - 7  
BM-8 

m-9 
EM-LO 

B M - l l  

BM-12 

Table 1. -4. S. 2=c=u or' !fLnes s a p l e  l o c d i t i e s  fa t 5 e  Xc5chikal 
quadrang1 e . 

4s 



0 .  Murrey, R. M. ~ ' ~ e a r p ,  M. S.  Rickard, 2. Stephexson, A. J. Toevs, R. Jaughn, 

and W. W. Vaughn. 

Geochemical data 

The analytical results listed i n  t a b l e s  5 ,  6 and 7 are reported as 

values such as 7.0 ppm, 18.00 percent, etc . ,  or as qualified values ex- 

pressed as a letter. These letter codes are N = not detected, L * less 

than specified l i m i t  o f  deterninability, G greater than value shown, B = 

no data, H = interference. The qua l i f i ca t ion  codes N and L a r e  preceded by 

the value of the Lower determination 1-t applicable to t h t  analysis and 

G is preceded by the upper l M t .  The term T is equal to t r a c e  but does n o t  

occur in these data. Note t h a t  when the right-most digit(s) of an analytical 
. - 

value is zero it is g e n s a l l y  not significant. Because 'che original computer 
- 

printout is used i n  these  t a b l e s ,  element symbols are i n  capital letters; 

far -ample, the .symbol f or  ixon, Fe,  becomes FE, magnesium, .Mg, becomes 
. . 

NG, aid. so on. The prefix S stands lor spectrographic analysis, AA for 

atomic absorption, and INST for ins tmenra l  (f lameless hi) analysis. 

The semi-quantitative spectrographic analyses (also refex-red t o  as 

six-step spectrographic analyses) are reported in percentage ( $ 1  or Parts 

per mill ion (PPM) as the midpoints of gecmetric class intervals. The 

class interval centers and the associated class interval boundaries are 

those listed below or some power of 10 t h e s  these. 

Reported value Class interval l h i t s  

. . 
Tests have been performed to determine USGS spec t rograph ic  analytical 

precision (Notooka and Grimes, unpublished data). These t e s t s  lnd ica te  



that the frequency with which values from repeated analyses of  the same 

sample w i l l  f a l l  e r h i n  the class  interval containing the ''true" value Cas 

measured by the mean of a series of analytical runs) plus or minus one and 

two adjoining inremals is approximately 83 percent and 96 percent respec- 

t ivaly .  For example, if a value is  reported as 3 .0  the probability is . 8 3  

that a repeated analysis would be reported as 2 . 0 ,  3 . 0 ,  or 5 . 0 ,  These 

values are consistent for a variety of geologic materials and show no 

appreciable difference between elements or concenrration ranges (if not 

near the lower limit of deteminability where precision tends to b e  l e s s ) .  

Analyses by the atomic absorption method are nor reported on the sLx-step 

scale; they are more sensitive and more. precise than spectrographic 

analyses. Mi- limits of determination for each element by spectro- 

graphic and atomic absorption analysis are given in table 2 .  

/ 

statistical  summary 

The analytical results from the USGS stream-sedhent aad rock samples 

were processed by a computer program known as GEOSUM and are.presented in 

tables 3 and 4 respectively. The GEOSUM program is designed t o  summarize 

and tabulate geochemical data-primarily data from semi-quantitative. 

spectrographic analyses. A l l  distributions are treated ia terms of the  

six-step class intervals described above and thus the atomic absorption 

data is regrouped to f i t  into these i n t e - ~ a l s .  The program o u t ~ u t  consis ts  of: 

(a) a histogram and frequency distribution table for each element, and 

(b) a statistical slmrmary for all elements, which includes geometric means 

and geometric deviations. 



.- -- -- -- 

S-Cd 20 Ppm S-Sr 100 ppm 

S-Mg .02X S-Co 5 P F  S-v 10 PPm 

S-Ca .05X S-Cr- 3' 10 p p  S-W 50 P P  

S-Ti- .002X S-Cu 5 p??m S-Y 10 P P  

S- Au 10 P P  S-NP 5 PPm AA-Cu 5 P P  

S-B 10 PPm 

S-B~Z' 20 ppm 

Table 2,--Lower d e t e c ~ i o n  limits for s p e c t r o g r a p h i c  analyses th rough 1975. 

.001Z p r i o r  to 1969. 

5 ppm p r i o r  to 1969. 

5 ppm prior co 1970. . 

4'10 3ym p r i o r  to 1975. 

I/ .02 ppm prior eo 1972. 

61 .01 ppm p r i o r  t o  1972. 



The histograms are on a l o g a r i t h i c  scale and are computzd using the 

same class iatertrds as those used i n  the six-step semi-quantitative scale. 

The histogram jars are composed of X's; each X represents approxjinately 1 

percent of the total number of samples. Decimal numbers are printed by the 

computer as powers of 10, for example: 

0 7.OE OQ means 7.0 x 10 or 7.0 

1 7.OE 01 means 7.0 x 10 or 70.0 
2 7.OE 02 means 7.0 x 10 or 700.0 

The frequency distribution tables, h i s t o g t a n s ,  and statistics for each 

element were derived using only data values within the range o f  analytical 

determination which was va l id  in 1975. Between 1968 and 1 9 7 5 ,  the lower 

limits of determiaability for Au and Hg analyzed by atomic absorption tech- 

niques and for spectrographically analyzed T i ,  Ba, Cr, and Nb were raised. 
i 

+ Unqualified values which f e l l  below current determinability limits and values 
> 

'qualified with N,  L ,  6 ,  T, or B were ignored in these computations. The re- 

s u l t h g  frequency tables and s t a t i s t i c s  are biased and the histograms i n ~ o r n p l e s ? ~  

The statistical sunnaaries a t  the ends of tables 3 and 4 show wi-iich 

elements have qualified values, as well  as the number and type of qualifica- 

tion. The summary also recomputes the geometric mean and standard deviation 

using a method devised by A. 5. Cohen for treating censored distributions. 

If an element has no qualified data values, the mean and standard deviation ' 

wlll be the  same in both this statistical summary and on the page within 

the table for the particular element. For elements with qualified data, 

the estimates of mean and standard deviation are unbiased in a strict sense 

anly where the data are derived from a log-normal parent population, but 

e,u?criments have shown that large departures f rom this requirement do not 

usually invalidate the results.. Acceptance and use of the esrimates, how- 
4.:. : 

ever, is the responsibility of the user. 



" I 

The geometric mean is the antilogarithm of the arithmetic mean of the I 

I 
logarithms of t h e  analyses. It is not an estimate of geochemical abundance. 

< 

It is an estimate of "central tendency" (or cha rac t e r i s t i c  value) f o r  a I 
I 

frequency distribution t h a t  is approximately symmetrical on a logarithmic 
I 

scale and i s  useful f o r  character iz ing many geochmical d i s t r i b u t i o n s .  I 

The geometric deviation is the an t i logar i thm of the standard deviat ion of 
I 

the logarithms of t h e  analyses. 1 

For further discussion of geometric mean and standard d e v h t i o a  and of i 
Cohen's method f o r  censored d i s t r i bu t ions ,  see Miesch (1963, 1967). 

1 
I 

Samuling b i a s  i I 
In reviewing the sttmmary r e s u l t s  i n  tables 3 and 4,  severa l  sources of  I 

sampling bias in the data set must be considered.  Several fac tors ,  includ-  I 
i 

ing time, weather, snow cover and outcrop exposure prevented uniform s a y  

@ '  x. z piing of the e n t i r e  quadrangle. Soye sites w e e  re-ranpled, usually to 

confirm suspected anomalies o r  because of other indications of  po ten t i a l  geo- 

i 
chemical peculiarity. Sampling density tends to be grea te r  near previously ! 

reported prospects o r  in areas having o t h e r  indicat ions  of mineral enrich- 

ment, The uneven coverage and tendency t o  concentrate sampling in more 

11 in te res t ing"  areas have introduced a s l i g h t  b ias  into these summary values. 

I n  addition, i t  should be  kept  i n  mind t h a t  the rock samples have been col- 

lected from lithologic u n i t s  widely separated ia location, o r l g i a  aid t n e .  

T h e  summaq of their values thus provides  only a general ind ica t ion  of the 

trends that sa3 be  present. 
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