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Analyses of rock and stream-sediment samples from 

Prince Rupert quadrangle, southeastern Alaska 

by 

R. D. Koch and R. L. E l l i o t t  

Introduction 

A reconnaissance geochemical. sampling was conducted between 

1975 and 1977 i n  t h e  Ketchikan and Prince Rupert 1:250,000-scale quadrangles, 

southeastern Alaska. The study was done t o  a s s i s t  i n  a mineral resource 

evaluation of the  a rea  as p a r t  of  t h e  Alaska Mineral Resource Assessment 

Program (AMRAP). This r epor t  contains the  ana ly t i ca l  data f o r  a l l  samples 

col lec ted  i n  the  Prince Rupert quadrangle during t h i s  study and a l s o  in- 

cludes data from samples col lec ted  during U.S. GeoLogical Survey mapping 

i n  1969 and 1970. Data from 117 rock and 206 stream-sediment samples a r e  

reported,  These samples comprise a l l  of the normal rock and stream-sediment 

geochemical samples col lec ted  during U . S .  Geological Survey geological  map- 

ping inves t iga t ions  within t h e  Prince Rupert quadrangle through 1977. Brief 

s ta t i s t ica l  smar ies  of the  rock and stream-sediment ana ly t i ca l  data are 

included i n  t h i s  repor t .  

Analyt ical  da ta  £ram geochemical sampling within the Ketchikan quad- 

rangle d i r e c t l y  north of the  Prince Rupert quadrangle a r e  contained i n  two 

companion reports (Koch and E l l i o t t ,  1978a, 1978b1, and data  from the southern 

port ion of the  Bradfield C a n a l  quadrangle (north of the  Ketchikan quadrangle) 

i n  Koch and others  (1976). Data from a l l  of the  normal U . S .  Geological Survey 

rock and stream-sediment geochemical samples col lec ted  i n  the  Ketchikan and 

Prince Rupert quadrangles a r e  avai lable  on magnetic computer tape (Koch, 

Van Trump, and McDanal, 1978) . 



Geologic s tud ies  i n  the Ketchikan area 

The northeastern por t ion  of the  Prince Rupert quadrangle i s  underlain 

by Cretaceous g r a d t i c  rocks of t h e  Coast Range metamorphic-plutonic complex 

and associated greenschist  to amphibolite f a c i e s  metasedimentary and meta- 

volcanic rocks. A metmorphosed e a r l y  Paleazaic or older  t r o n d h j m i t e  plu- 

ton under l ies  the area  between Foggy Bay and Cape Fox. To the  west, Duke 

and Percy Islands are dominated by early Cretaceous ultrarnafic bodies which 

intrude metamrphased sedimentary and volcanic rocks. 

The e a r l i e s t  comprehensive discussions of the geology of the  Ketchikan 

area a r e  contained i n  repor.ts by Wright and Wright (1908) and Buddinqton 

and Chapin C1929). Recent discussions of the  geology of this area include 

a r epor t  by Hutchison (1970) on the Coast Range metamorphic-plutonic complex 

i n  the Prince Rupert region of B r i t i s h  Columbia and one by I rv ine  (1974) on 

the  ultzamafic complex on Duke Island.  

Recent geologic inves t iga t ions  by the U.S. Geological Survey i n  the  

Prince Rupert q u a d r a ~ q l e  began w i t h  reconnaissance mapping i n  the  Prince 

Rupert D2 and D 3  quadrangles i n  1969 and 1970. Fie ld  s tud ies  continued from 

1975 t o  1977 (Berg, E l l i o t t ,  and Koch, 1976; E l l i o t t ,  Smith, and Hudson, 

1976; Koch and o the r s ,  1977).  Reconnaissance mapping of the Ketchikan and 

Prince Rupert quadrangles has been completed and a geologic map a t  a sca le  

of 1:250,000 has been published C B e q  and others, 1978). 

Sampling 

stream-sediment Samples 

Stream-sediment samples w e r e  generally col lec ted  from the f i n e s t ,  most 

organic-free sediment i n  the  a c t i v e  stream channel. I n  r a r e  instances 

where t h i s  was not pcss ib le ,  samples were co l l ec ted  from bank o r  t e r race  



deposi t s  adjacent  t o  the channel. A t  s i t e s  below the  t r e e  l i n e ,  it was not 

always poss ib le  t o  c o l l e c t  a sample completely f r e e  of organic material  and 

a small number of samples have low t o  occasionally high organic content.  

Stream-sediment samples col lec ted  from shorel ine s i t e s  were obtained above 

highest  high t i d e  l e v e l  whenever possible.  Most of the  study area  is  steep 

and sediment i n  the  r e su l t ing  swif t  streams is e s s e n t i a l l y  a11 d e t r i t a l  

mater ia l  r e s u l t i n g  from mechanical, not chemical weathering. The bulk o f  

most stream-sediment samples comprises material  ranging i n  s i z e  from very 

f i n e  sand to pebbles. Samples with a l a rge  percentage of silt- and clay- 

s ized material  a r e  r a r e  and a r e  general ly f r o m  a reas  of low elevation and 

gen t l e  gradient .  

Rock Samples 

The rock samples a r e  primari ly grab samples chosen to provide data  on 

background values f o r  a Lithologic un i t .  The majori ty of these  samples a r e  

representa t ive  of the  dominant Lithologies a t  the  sample s i t e .  A l e s se r  

number of samples were col lec ted  from minor l i tho ldg ies ,  known mineralized 

occurrences, or  outcrops t h a t  are conspicuously iron-stained o r  contain 

v i s i b l e  meta l l ic  minerals.  

Sample preparat ion and ana ly t i ca l  procedures 

Stream-sediment samples were dr ied  and sieved; the  -80 mesh (-0.2 mm) 

f r a c t i o n  was pulverized and a s p l i t  was analyzed. Rock samples were crushed, 

a s p l i t  was pulverized and a s p l i t  of t h i s  mater ia l  analyzed. 

Samples were analyzed by the  Branch of  Exploration Research of t he  U. S. 

Geological Survey f o r  up t o  30 elements by the  six-step semiquantitative 

emission spectrographic method (Grimes and Marranzino, 1968), and f o r  gold, 

copper, lead and zinc by atomic absorption spectrophotometry (Ward and 



o the r s ,  1969) . Some analyses were fiat performed on a l l  samples. The semi- 

quan t i t a t ive  spectrographic analysas w e r e  performed by E. F. Cobley, 

K. J. Curry, and C. L. Forn. The atomic absorption analyses were done 

by D. E. Detra, J. D. Hoffman, A.  L. Meier, R. L. M i l l e r ,  R. M. O'kary,  

J. A. Roybal, and R. F. Sanzolone. 

Geochemical data 

-cations of sample sites are shown on p l a t e  I and i d e n t i f i e d  by sta-  

t i o n  numbers. The ana ly t i ca l  data for the stream-sediment and rock samples 

a r e  given i n  t ab les  6 and 8 respect ive ly  and a r e  iden t i f i ed  by s t a t i o n  

number with a l e t t e r  appended to the  s t a t i o n  number t o  d i s t ingu i sh  dif- 

f e r e n t  samples from t h e  same station. Four stream-sediment samples were 

re-analyzed as p a r t  of a test of a n a l y t i c a l  variance. These sample numbers 

appear twice i n  table 6 along with daka f o r  both analyses. 

Each rock sample has been assigned a rock type and is  labeled i n  

t ab le  8 with a rock name code consistirlg of a two-letter rock-name symbol 

which may be followed by one o r  r a r e  two-letter minera l -mdif ier  symbols. 

An explanation of these rock-name and mineral-modifier codes is  l i s t e d  i n  

t a b l e  4 (p. 15). 

Analytical Values 

Analyt ical  r e s u l t s  are  reported i n  t ab les  6 and 8 as  percent  of the  

sample [for spectrographic analyses of Fe, Mg, Ca, and T i )  or as p a r t s  per  

mi l l ion  (ppm) f o r  a l l  o ther  analyses. The minimum limits of determination 

and the  u n i t s  used t o  r e p r t  each analys is  are l i s t e d  i n  t a b l e  1. 

A s ing le - l e t t e r  symbol is used by USGS ana lys t s  t o  ind ica te  t h a t  no 

analys is  w a s  performed f o r  an element o r  t h a t  the  analytical r e s u l t  is 

outside t h e  limits of determinabil i ty.  These symbols (commonly ca l led  



Table 1. b w e r  determinat ion limits and u n i t s  fo r  analyses  performed from 1969 

through 1977. S - i nd i ca t e s  spectrographic a n a l y s i s ,  AA - i nd i ca t e s  

atomic a b s o r p t i o n  ana lys i s .  The u n i t s  used t o  r e p r t  va lues  f o r  each 

a n a l y t i c a l  procedure a r e  l i s t e d  a f t e r  the determinat ion l i m i t .  

s-Fe--------- .05% S-Cd---------- 20 ppm s-Sr---------- 100 ppm 

s-MY------- .02% s-co---------- 5 PPm s-v ---- ------- 1 0  PPm 

S-Ca-------- .05% S-C&/ -------- 1 0  PPm S-w ------ ----- 50 PPm 

S-Ti--------- -002% S-Cu---------- 5 PPm S-y----------- 10  PPm 

S-Mn--------- 1 0  Ppm S-La---------- 20 Ppm S-Zn---------- 200 ppm 

s-& -------- 20 PPm s-s~--------- 100 ppm m-Zn--------- 5 P P  

1/ 5 ppn prior t o  1970. 

- 2 /  .02 ppm p r i o r  t o  1972. 



"qua l i f i ca t ion  codes") a r e  used i n  the  s t a t i s t i c a l  summary but  some are 

represented d i f f e r e n t l y  i n  the  da ta  t ab les .  An explanation of both forms 

is  l i s t e d  i n  t ab le  2.  The code T does not appear i n  these data. 

Table 2.--Qualification codes 

Q w l i f  icat ion Fonn i n  
code t ab les  6 & 8 Exnlanation 

No a n a l y t i c a l  da ta  f o r  t h i s  analysis .  

Nothing detected by analys is .  

Element detected b u t  below l i s t e d  
value (lower limit of determinabil i ty)  . 

Element detected i n  amunt  g rea te r  
than l i s t e d  value (upper l i m i t  of 
d e t e m i n a b i l i t y  1 . 

(value = 0) In te r f  erencc - no v a l i d  da ta .  

T Trace 

Because the  o r i g i n a l  computer p r in tou t  i s  used i n  the tables, element 

symbals a r e  i n  c a p i t a l  letters; for example, the  s p i s o l  fo r  i ron ,  Fe, i s  

shown a s  FE, magnesium, Mg, is  shown as MGI and so on. I n  the t ab les ,  t h e  

p r e f i x  S stands f o r  spectrographic ana lys i s  and AA f o r  atomic absorption 

analys is .  

Results  from semiquanti tat ive emission spectrographic analyses (a lso  

re fe r red  t o  a s  six-step spec t rogaph ic  analyses) are reported a s  the  mid- 

po in t s  of  geometric c l a s s  in te rva l s .  Midpoints of class i n t e r v a l s  and the 

associated c l a s s  i n t e r v a l  boundaries a r e  l i s t e d  i n  t a b l e  3. Reported values 

may be any i n t e g r a l  power of t e n  times one of the  l isted c l a s s  i n t e r v a l  mid- 

points .  



Table 3. Class i n t e r v a l s  of the  six-step scale.  

C l a s s  i n t e r v a l  midpoint Class in te rva l  limits 

1.0 0.83 1 . 2  

1.5 1 . 2  1.8 

2.0 1.8 2.6 

3.0 2.6 . 3.8 

5.0 3.8 5.6 

7.0 

LO.  0 

Precision 

Tests have been performed to determine the  ana ly t i ca l  prec is ion  of the  

six-step semiquantitative spectrographic technique used by the Branch of 

Exploration Research (Motooka and Grimes, 1976). These t e s t s  indica te  

t h a t  the frequency w i t h  which values from repeated analyses of the  same 

sample w i l l  f a l l  within the  class i n t e rna l  containing the  "true" value (as 

measured by the  mean of a s e r i e s  of ana ly t i ca l  runs) p lus  o r  minus one and 

two adjoining i n t e r v a l s  is approximately 83 percent  and 96 percent respec- 

t ive ly .  For example, i f  a value is  reported as 3.0, the probabi l i ty  i s  

-83 t h a t  a repeated analys is  would be reported a s  2.0, 3.0, o r  5.0. This 

study found ana ly t i ca l  variance to be consis tent  fo r  a va r i e ty  of geologic 

mater ia ls ,  and to show no appreciable d i f ference  between elements ox con- 

cent ra t ion  ranges except near the  limits of determinabil i ty.  Another 

experiment (Johnson and others ,  1977) suggests t h a t  ana ly t i ca l  precision 

may vary appreciably between elements- Analyses by the atomic absorption 

methods a r e  not reported on the  six-step sca le ;  they a r e  more sens i t ive  

and more prec ise  than spectrographic analyses. 



S t a t i s t i c a l  summary 

The ana ly t i ca l  data from the  stream-sediment and rock samples were 

processed by a computer program known as GEOSUM and the program's output  

is  presented i n  t a b l e s  5 and 7 respectively.  For samples which have been 

re-analyzed, the  values l i s t e d  second i n  the  da ta  t ab les  have been a rb i -  

t r a r i l y  omitted from t h e  s t a t i s t i c a l  summary to  reduce b ias .  The GEOSUM 

program is designed to  summarize and tabula te  geochemical data--prinari ly 

data from semiquanti tat ive spectrographic analyses. All d i s t r i b u t i o n s  are 

t r ea ted  i n  t e rns  o f  the  six-step c l a s s  i n t e r v a l s  described above and thus 

the  atomic absorption data a r e  regrouped t o  f i t  i n t o  these  in te rva l s .  The 

program output  cons i s t s  of: (a)  a frequency distribution t ab le ,  histogram, 

sumnary of qua l i f i ed  values,  range of values and geometric mean and devia- 

t i o n  for each element, and (b) a s t a t i s t i c a l  summary f o r  a l l  elements, 

which includes geometric means and geometric deviat ions.  

The histograms are on a Logarithmic sca le  and are computed using the  

c l a s s  i n t e r v a l s  of t h e  s i l r s t e p  semiquantitative sca le .  The hist~clram bars 

are ccunposed of X ' s ;  each X represents  approximately 1 percent  of t h e  t o t a l  

number of  samples analyzed f o r  that element. Decimal numbers are pr in ted  

by the computer a s  powers of L O ,  for example: 

7.0e-01 means 7.0 x 10-I o r  0.7 

7.0e4-00 means 7 . 0 x 1 0 °  o r  7.0 

7.0e+01 means 7.0 x 10 
1 

or  70.0 

7.0e+02 means 7.0 x 10 o r  700.0 

The frequency d i s t r i b u t i o n  t ab les ,  histograms, and s t a t i s t i c s  f o r  each 

element were derived using only data values within the range of a n a l y t i c a l  

determination which have been used s ince  1975. Between 1969 and 1935,  the 

lower limits of  determinabil i ty were r a i sed  fo r  atomic absorption analyses 



of A u  and f o r  spectrographic analyses of C r .  Unqualified values l e s s  

than the current  determinabil i ty limits and a l l  values qua l i f i ed  with N ,  L ,  

G ,  o r  H were ignored i n  these computations. The r e s u l t i n g  frequency t ab les  

and s t a t i s t i c s  axe biased and the  histograms incomplete. 

The summaries a t  the  ends of  t ab les  5 and 7 show which elements have 

< 

qua l i f i ed  values ,  a s  w e l l  as the  number of values having each type of quali- 

f i ca t ion .  The s m a r y  also presents  a recomputed geometric mean and geometric 

devia t ion  using a method devised by A. J. Cohen f o r  t r e a t i n g  censored d i s t r ibu-  

t ions .  If  an element has no qua l i f i ed  data values,  the  mean and geometric 

devia t ion  w i l l  be the same in both t h i s  summary and on the  page within the 

t ab le  f o r  t h e  pa r t i cu la r  element. For elements with qual i f ied  data, the  

est imates of  mean and g e m e t r i c  deviat ion a r e  unbiased i n  a s t r i c t  sense 

only where t h e  data a r e  derived from a log-normal parent  population, but 

experiments have shown t h a t  la rge  departures from this requirement do not 

usually inva l ida te  the r e s u l t s .  Acceptanc'e and use of t h e  est imates,  however, 

is the  re spons ib i l i ty  of t h e  user.  

The geometric mean i s  the  anti logari thm of the  ari thmetic mean of the  

logarithms of the  analyses. It is  not an est imate of geochemical abundance 

but  o f  "cen t ra l  tendency" lor c h a r a c t e r i s t i c  value) for a frequency dis t r ibu-  

t ion  t h a t  is approximately symnetrical on a logarithmic sca le .  The geometric 

mean is  useful  for characterizing mny  geochemical d i s t r ibu t ions .  The 

geometric deviat ion i s  the anti logari thm of t h e  standard deviat ion of 

the logarithms of t h e  analyses. 

For fu r the r  discussion of geometric mean and geometric deviat ion and 

of Cohen's method f o r  censored d i s t r i b u t i o n s ,  see Miesch (1963, 1967). 



B i a s  and v a r i a b i l i t y  a f f e c t i n g  in te rp re ta t ion  

I n  reviewing the data i n  t a b l e s  6 and 8 and t h e  s t a t i s t i c a l  sununary i n  

t ab les  5 and 7,  s eve ra l  sources of b ias  and v a r i a b i l i t y  i n  the  data must be 

considered. Factors  including time l imi ta t ions ,  weather, snow and vegetat ive 

cover, outcrop exposure, and a v a i l a b i l i t y  of he l icopter  landing s i t e s  pre- 

vented uniform sampling i n  a l l  a reas .  Uneven sample dens i ty  a l s o  re su l t ed  

from more concentxated sampling of some areas which show evidence of mineral- 

i z a t i o n  such as iron-staining o r  v i s i b l e  me ta l l i c  minerals.  This p rac t i ce  

has biased the  data s l i g h t l y  i n  favor of samples containing values above 

t r u e  background l eve l s .  This app l i e s  most strongly to rock samples. For 

stream-sediment samples the  requirement of t r u l y  random sampling--that a l l  

po ten t i a l  samples have an equal l ikel ihood of being selected--is not  met 

e i t h e r .  In addi t ion ,  samples were col lec ted  from a l a rge  a rea ,  where 

l i t h o l o g i c  u n i t s  of  various o r ig ins  o r  rock types may comprise several  

d i s s imi la r  geochemical populations. No attempt has been made here t o  group 

samples on the  bas i s  of geological o r  geochemical a f f i n i t y .  The sumnary of 

t h e i r  values thus provides only a general  indica t ion  of t h e  t rends that  

may be present .  

Values from stream-sediment samples which contain appreciable organic 

mater ia l  may be influenced by scavenging. Var iab i l i ty  of any value is 

influenced by many f a c t o r s  including the  d i f f i c u l t y  of obtaining representa- 

t i v e  samples of inhomogeneous media, var ia t ion  i n  sample preparat ion and 

v a r i a b i l i t y  inherent  i n  the a n a l y t i c a l  techniques. It is Likely with any 

l a rge  data-se t  t h a t  e r r o r s  have occurred during recording, key-punching, 

and edi t ing  of the  da ta  which have gone undetected, Therefore, high values 

f o r  a s ing le  element or a s ing le  s i t e  should be considered questionable 

ind ica to r s  of bedrock mineral izat ion.  
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Table 4. Rock Name and Mineral Modifier Codes 

P lu tonic  Rocks 

GR - Grani te  
QM - Quartz m n z o n i t e  
GD - Granodior i te  ( inc  luding 
QD - Quartz D i o r i t e  
GB - Gabbro 
D I  - D i o r i t e  
UM - Ultramafic 

Metamorphic Rocks 

AM - Amphibolite 
FV - F e l s i c  Metavolcanics 

Veins 

VQ - Quartz  ve in ,  pod, l e n s  ... 
VN - Vein o the r  than qua r t z  

Dikes and S i l l s  

DG - Gran i t i c  
DF - F e l s i c  (not inc lud ing  DG, D P ,  DQ) 
DQ - Quartz Porphor i t i c  
D P  - Pegmati t ic  
DM - &if ic  o r  intermediate  composition 
DL - Lamprophyre 

GG - Gran i t i c  Gneiss 
GS - Greenschis t  (mainly c h l o r i t e  or c h l o r i t e - a c t i n o l i t e  

Other 
s c h i s t  and p h y l l i t e )  . 

MB - Marble 
BS - Basa l t  

P9G - Migmatite FZ - F a u l t ,  shear ,  gouge or brecc ia  
M S  - Metasedirnents ( l o c a l l y  tu f faceous ,  inc lud ing  slate, 

a r g i l l i t e ,  gray p h y l l i t e )  
MU - Undivided metamorphic rock 
MV - Intermediate  o r  mafic metavolcanics 
PN - Paragneiss  o r  s c h i s t  
QF - Quartzofeldspathic  s c h i s t  o r  g n e i s s  

Mineral Modifiers 

BA - B a r i t e  
CP - Chalcopyri te  
GN - Galena 
HM - Hematite 
MG - Magnetite 
MO - Molybdenite 
PY - P y r i t e  
SL - Spha le r i t e  
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A 4 7 0  T a b t e  7.-- S T A T I S T I C A L  S U M M A R Y  - R O C K  S A H P L E S  
T I T L E  

P R I N C E  R U P E R T  QUAD R O C K  D A T A  

T H E  R A X . A N 0  M I N  0 . 2 0 0 0 0 e t 0 1  F O R  S - A G  A R E  T H E  S A M E .  T H E R E F O R E  T H I S  U A R l A B L E  U l L L  B E  S K I P P E D .  

5 - 1 5  C O N T A I N S  N O  V A L I D  D A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  M I L L  B E  S K I P P E D .  

S - A U  C O N I A I N S  N O  V A L I D  O A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  H I L L  B E  S K I P P E O .  

S - 8 1  C O N T A I N S  N O  V A L l D  D A T A  P O I N T S .  T H E R E F O R E  T H l S  V A R I A B L E  U I L L  B E  S K I P P E D .  

5 - C D  C O N T A I N S  N O  V A L I D  O A T &  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  U l L L  8E S K I P P E D .  

S - S B  C O N T A I N S  N O  V A L I O  D A T A  P O I N T S .  T H E R E F O R E  T H i S  V A R I A B L E  U I L L  B E  S K I P P E D .  

S - S N  C O N T A I N S  NO V A L 1 0  D A T A  P O I N T S .  T H E R E F O R E  T H l S  U A R I A B L E  U I L L  B E  S K I P P E O .  

S-U C O N T A I N S  NO V A L I D  D A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  U I L t  B E  S K I P P E D .  

T H E  M A X  A N D  M l N  0 . l O O O O e t O ~  F.OR A A - A U  A R E  T H E  S A M E .  T H E R E F O R E  T H I S  V A R I A B L E  U I L L  B E  S K I P P E D .  

I N S T - H G  C O N T A I N S  Y O  V A L I D  O A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  U I L L  B E  S K I P P E D .  

THE F R E Q U E N C Y  DISTRIBUTIONS AND HISIOGR~MS ON T H E  FOLLOUING P A G E S  A R E  ON L O G A R I T H M ~ C  S C A L E S ,  A N D  E n p i o r  THE S A M E  C L L S S  l r 4 r E R V A L . S  
A S  U S E D  I N  R E P O R T I N G  6 - S T E P  S E M I Q U A N T I T A T I V E  S P E C T R O G R A P H I C  A N A L Y S E S .  1 M P O R T A N T  N O T E -  T H E  S T A T I S T I C S  G I V E N  B E L O W  T H E  H I S T O G R A W S  \ 

A R E  D E R I V E D  O N L Y  F R O M  D A T A  V A L U E S  U I T H I N  T H E  R A N G E S  OF A I A L Y T I C A L  D E T E R M I N A T ~ O N I  A N D  A R E *  T H E R E F O R E I  B I A S E D  I F  O A T A  V A L U E S  
P U I L I F I E O  U I T H  N, L, GI TI O R  H  C O D E S  A R E  P A E S E M T .  S E E  L A T E R  S E C T I O N  O F  O U T P U T  F O R  S T A T I S T I C A L  E S T I M A T E S  T H A T  I R E  U N B I A S E D  I N  
T H I S  R E G A R D .  T H E  G E O M E T R l C  M E A N  I S  A N  E S T I M A T E  O F  " C E M T R A L  TENOENCYI "  O R  O f  A C H A R A C T E R I S T I C  V A L U E *  O f  A f R E O U E N C Y  D I S T R I B U T I O N  L 

T H A T  I S  A P P R O X I H A T E L Y  S Y M M E T R I C A L  ON A  L O G  S C A L E *  A N D  I S  T H E R E F O R E  U S E F U L  F O R  C H A R A C T E R I Z I N G  M A N Y  G E O C H E M I C A L  D I S T R I 0 U T I O N S .  
T H E  G E O H E T R I C  M E A N  I S  N O T  A N  E S T I W A l E  O f  G E O C H E U I C A L  A B U N D A N C E  A N 0  I S  OF N O  V A L U E  1 N  E S T I M A T I N G  R E S E R V E S  O R  T O T A L  A H O U N T S  O F  
E L E M E N T S  P R E S E N T .  L 

T H E  C U M U L A T I V E  F R E Q U E N C Y  P E R C E N T S  G I V E N  B E L O W  S H O U L D  B E  P L O T T E D  A G A I N S T  THE " L O U E R "  L I M l T S  T O  G I V E  T H E  L E P E L T I E R - T Y P E  
C U H U L A l l U E  C U R V E .  



A470 Tab le  7.-- S T h T l S T I C A L  S U M M A R Y  - ROCK S A M P L E S  - -  c o n t i n u e d  
T I T L E  

P R I N C E  RUPERT QUAD R O C K  O A T A  

F R E Q U E N C Y  T A b L E  C O R  COLUMN 1 ( S - F E X  ) 

L i n l T s  
LOUER - U P P E R  

3.8e-02 - S.6e-02 
5.6e-02 - 8.3e-02 
8.3e-02 - 1.2e-01 
1 .2e -01 -  1.8e-01 
1 .Be-Dl - ?.be-01 
2.6e-01 - 3.8e-01 
3.8e-01 - 5.6e-01 
5.6e-01 - 8.3e-01 
8.3e-01 - 1.2et00 
1.2et00 - l.8e+00 
1.8et00 - 2.6e*00 
?.bet00 - 3.8e+00 
3 . 8 r t 0 0 -  S.bet00 
5 . 6 e t D O  - 8 . 3 e + 0 0  
8.3et00 - 1.2e+01 
1.2etDf - 1.8et01 
1.8et01 - 2.6e*01 

F R E Q  F R E Q  PERCENT 
C Ut4 F R EP 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
2 1 . 7 4  
2 0.00 
4 1.74 
5 0.87 
9 3 . 4 8  

2 1 10.4 3 
3 8 16.78 
4 8 8.70 
6 4  13.91 
7 3 7.83 
9 7 20.87 

1 1 4  14.78 
1 1 5  0.87 

H I S T O G R A M  F O R  COLUHN 1 ( s - F E X  ) 

9. 
N 2.Oe-0% X U  

5 .0e -01  
5.0e-0 t x X  
7 . 0 ~ - 0 1  X  
1.0e+00 X w X  
1 . 5 e t 0 0  X X X X X X X X X X  
2.0et00 r K % Y X X % Y ~ Y X X x x x  
3.Oet00 I X Y X Y X X U X  
5,OetOO % % % w % x % x X x x x ~ ~  
7.0et00 x x w r w w x x  
l.Oe+01 X Y X X X % X W X X X X X X X % Y X X X X  
1.5et01 X K K X X Y Y N K Y K X X X X  
2.0et01 x 

M A K I  nun = 2.00000et01 
HINInuH = 2.00000e-01 
G E O N E T R I C  M E A H  = 4.3942Zet00 
G E O H E T R I C  O E U I l T I O N  = 2.70522et00 

P E R C E N T  
F R E Q  cun 

100.00 
100.00 
100.00 
100.00 
100.00 
98.26 
98.26 
9 6 . 5 2  
95.65 
92.17 
81.74 
66.96 
58.26 
44.3 5 
36.52 
15.65 
0.87 

A N A L Y T I C A L  
T G V A L U E S  
0 0 13 s 

0.00 0.00 
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A 4  70 
TITLE 

T a b l e  7.-- STATISTICAL S U M M A R Y  - R O C K  SAMPLES - -  c o n t i n u e d  

P R I N C E  RUPERT QUA0 ROCK D A T A  

FREQUENCY TABLE F O R  COLUHM 3 (5-CAX ) 

L I M I T S  
LOUER - UPPER 

3 . 8 ~ - 0 2  - 5 . 6 ~ - 0 2  
5.6e-02 - 8,3e-DZ 
8,5c-02 - t.2e-01 
1.2e-01 - 1.8e-01 
1.8e-01 - 2.6e-01 
2.6e-01 - 3.8e-01 
3.8e-01 - 5 .6e -01  
S.6e-01 - 8.3e-01 
8 . 3 e - 0 1  - 1 . 2 e t 0 0  
1 . 2 e t 0 0  - 1.8e+00 
1 . 8 e t 0 0  - 2 . 6 e t 0 0  
2.6etOO - 3.BerOO 
3.8e+00 - 5.6e+00 
5,bctOO - 8.3t+00 
8,3e+00 - l .2e+Ot  

F R E P  F A E Q  P E R C E N T  
run F A E Q  

0 0 0.00 
0 0 0.00 
4 4 3 - 4 0  
4 8 3 . 4 8  
4 1 2  3.4 8  
4 $ 6  3.48 
6 22 5.22 
7 29 6 .09  

1 6  45 13.91 
1 1  56 9.57 
2 1  7 7  16.26 
1 6  9 5  13.91 
1 8  1 1 1  1S.65  

2 1 1 3  1.74 
2 1 1 5  1.74 

H I S T O G A A H  F O R  COLUMN 3 (S-CAX 1 

K  Y  X  
Y X X  
K  X  X  
X  X  X 
K X X X X  
X X Y Y Y X  
Y Y K X Y X X X K Y K Y X X  
K Y K X Y X K X Y K  
Y X X X Y Y K Y Y K K X X K X X X Y  
X X X K Y X K X X Y X X Y K  
X X Y X X X X K X Y Y K K X K Y  
x X  
X  X 

HAHIMUM = 1.00000e+01 
MlNlMUM = 1.00000e-01 
6 E O H E l R I C  MEAN = l .C0804e+00 
C E O R E T R I C  D E V I A T l O l  = 3 .00586ct00 

P E R C E N T  
F R E Q  cum 

100. a0 
100.00 
100.00 

96.51 
93.04 
89.57 
86.09 
80.87 
74.78 
60.87 
51.30 
33.04 
19.13 

3.48 
1.74 

A N A L Y T I C A L  
r G VALUES 
0 0 1 1  5 

0.00 0 -00 



A4 70 rabie 7.-- S T A T I S T I C A L  S U M M A R Y  - 
T I T L E  

P R I N C E  RUPERT Q U A 0  R O C K  DATA 

FREQUENCY T A B L E  COR COLUMN 4 ( S - T I %  ) 

L I H l T S  
COMER - UPPER 

1.8e-03- 2.6e-03 
2.6~-03 - 3.8e-03 
3.8e-03 - 5.6~-03 
5.6e-03 - 8.3e-05 
8.3~-03 - 1.2~-02 
1.2e-02 - 1 .8c -02  
1.8e-02 - 2.6e-02 
2.6~-02 - 3.8e-02 
3.8e-02 - 5.6e-02 
5 . 6 ~ - 0 2  - 8.3e-02 
8.3e-02 - f.2e-01 
1.2e-01 - 1.8e-01 
1.8e-01 - 2.6e-01 
2.68-01 - 3.8e-01 
3.8e-01 - 5.6~-01 
5.6e-01 - 8.3e-01 
8.3e-01 - 1.2ct00 

F A E P  F R E Q  PERCENT 
c un F R E O  

0 0 0.00 
0 0 0.00 
0 0 0.00 
0 0 0.00 
2 2 1.74 
1 3 0.87 
1 4 0.87 
0 4 0.00 
0 4 0.00 
2 6 1-74 
5 1 1  4.35 

1 1  22 9.57 
27 49 23.48 
2 5  74 21.74 
31 105 26.96 

4 1 1 1  5.22 
3 114 2.61 

9. 
u 1.0s-02 X X  

d 1.5e-02 X  
2.Oe-02 X  
3.Oe-02 

d 5.0~-02 
7.0e-02 I X  
1.0e-01 r x x x  

3 1.5e-01 x x w w x x x x x x  
2.0e-01 x x x w x x x W K w I r r w x x w x x x x x x  
3.0e-01 W X W W X I X K X X X X X X K X X X Y Y Y Y  

d 5.0~-01 X ~ ~ X X X X ~ X X X X X I ~ Y X X W Y Y K Y X X ~ X  
7.0~-01 Y X X Y W  
l.OetO0 x x x  

il 

M A X I H U M  = 1.00000et00 
u M I N I M ~ M  = ~,oooooe-o2 

C L O A E T R I C  MEAN a 2.63127e-01, 
G E O M E T R I C  O E V l A T I O N  2.24894et00 

3 

P E R C E N T  
F R E Q  C U M  

99.13 
99.13 
99.13 
99.1 5 
99.1 3 
97.39 
96.52 
95.65 
95.65 
95.65 
93.91 
89.57 
80.00 
56.52 
34.78 
7.83 
2.61 

R O C K  SAMPLES -- continued 

A N A L Y T l C A L  
7 G V A L U E S  
0 0 1 1  4 
0.00 0.00 
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15 x 
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x x  
X x 
x x  

x x x  
x  x x x  
x  x x x n  
x x x x n  
X X X X X  
X  X X X X  

x  x X X X X  
ZI X X X X X X  

X X  X x X x X x n  
x X x X X X x X x X x  
x n x ~ ~ x x x ~ x %  

- 0 o o n c  
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O O X "  
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A 4  70 T a b l e  7.-- S T A T I S T I C A L  SUHHARY - R O C K  S A H P C E S  -- c o n t i n u e d  
T ITLE 

P R I N C E  RUPERT QUAD R O C K  D A T A  

CREQUENCY TABLE T O R  COLUMN 10 ( S - B A  1 

L I M I T S  ~ R E Q  F R E O  P E R C E N T  
L O U E R  - UPPER run ~ R E Q  

I ,8a+Ol - 2 . 6 e t O t  1  1  0 .87 
2 .6e tD1  - 3 .8e401  0  1  0.00 
3 . 8 e t 0 1  - 5 . 6 e t 0 1  1 2 0 .87  
S . 6 e t 0 1  - 8 . 3 e t 0 1  0 2 0.00 
B.Je+Ol - 1 . 2 e t 0 2  I 3 0.87 
1 . 2 e t 0 2  - 1 . 8 e t 0 2  5 8 4.35 
1 . 8 e t 0 2  - 2 .6e+02  0 8 0 . 0 0  
2 . 6 r t 0 2  - 3.8e+02 1 2  20 1 0 . 6 3  
3 . 8 c t 0 2  - 5 . 6 e t 0 2  1 1  3 1  9 . 5 7  
5 . 6 c t 0 2  - 8.3etO2 2 3  54 20,OO 
8 . 3 e t 0 2 -  1 . 2 e t 0 3  2 9  8 3  2 5 . 2 2  
1 . Z e t O 3  - 1 . 8 e t 0 3  2 0  1 0 3  17 .39  
1 .8e t03  - 2 . 6 e t 0 3  9 1 1 2  7.83 

H I S T O G A A M  FOR C O L U M N  10 ( S - B A  

x x x r X x x x K u  
X X K X X X X Y X X  
x x r r x m x x x x x ~ r x x x x x x x  
x x x x x x r n x x x x x x r r x ~ r x x x x x x  
Y X X Y X X X Y X X X X K X X Y X  
K X X X X X X K  

PERCENT 
F R E O  tun 

9 7 . 3 9  
9 6 . 5 2  
96 .52  
9 5 . 6 5  
95 .65  
9 4 . 7 8  
9 0 . 4 3  
9 0 . 4 3  
80.00 
7 0 . 4 3  
50 .13  
25 .22  

7.83 

A N A L Y T I C A L  
T G VALUES 
0 0  11  2  

0 .0  0 0 -00 

MAXIMUM = 2 . 0 0 0 1 0 e t 0 3  
H I N  I MUM 2 . 0 0 0 0 0 ~ + 0 1  
G E O M E T R I C  M E A N  = ?.34092e+02  
GEOMETRIC D E V I A T I O N  = 2 . 2 1 3 6 3 e t 0 0  



A 6 7 0  Table 7.-- S T A r I S T I C h i  S U M M A R Y  - R O C K  S A M P L E S  - -  c o n t  i n u t d  
T I r t E  

P R I N C E  R U P E R T  QUAD R O C K  D A T A  

F R E Q U E N C Y  T A B L E  FOR C O L U M N  1 1  ( S - B E  ) 

LIHITS F R E Q  F R E P  P E A C E N r  P E R C E N T  
L O U E R  - UPPER C UH F R E Q  F R E Q  C U M  

8 . 3 ~ - 0 1  - 1.2etOO 26 26 22.22 31.62 
1.2etOO- 1.8etOO 5 29 2.56 9.40 
1.8et00 - 2.6etOO 8 37 6 . 8 4  6 . 8 4  

H I S T O G R A M  F O R  C O L U M N  1 1  ( S - B E  
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nhwinun = 2.00000et00 
I MI MUM 1.00000et00 
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A470 T a b l e  7.-- S T A T I S T I C A L  SUHMARY - R O C K  S A M P L E S  - -  continued 
T I T L E  

P R I N C E  R U P E R T  QUAD R O C K  D A T A  

f R E P U L N C Y  T A O L E  F O R  COLUHM 26 ( S - V  1 

L I M I T S  
LOWER - UPPER 

8.3et00 - 1,2e+01 
1.2etO1 - 1.8et01 
1.8e+Ot - 2.4etOl 
2.6et01 - 3.8c+01 
3.8e+01 - 5.6e+01 
5.6et01 - 8.3e+01 
8.3e+01 - 1.2etO2 
I.Ze+OZ- 1.8et02 
1 .'Bet02 - 2.6et02 
2.6et02 - 3.8et02 
3.8e+02 - 5.6e+02 
S.be+OZ - 8.3et02 
8.3etO2 - 1.2et03 
1.2e+03 - 1.8e+03 
1.8e+03 - 2.6e+03  
2.6et03 - 3.8e+03 
3.8e+03 - 5 . 6 e t 0 3  
5.6et03 - 8.3e+03 
8.3et03 - 1.2et04 

F R E P  F R E Q  P E R C E N T  
CUM F R E P  

3 3 2.56 
1 4 0.8 5  
4 10 5.13 
8 18 6.84 

10 28 8 . 5 5  
10 38 8 . 5 5  

8 .4 6 6.84 
1 1  57 9.4 0 
24 81 20 . 5 1 
26 107 22.22 
3 110 2 .56  
0 110 0.00 
0 110 0.00 
0 110 0.00 
0 110 0.00 
0 110 0.00 
0 110 0.00 
0 110 0.00 
1 1 1 1  0.85 

m 
H I S T O G R A M  F O R  COLUMN 26 I S - V  ) 

P E R C E N T  
F A E Q  cun 

94.87 
92.31 
91.45 
8 6 . 3 2  
79.49 
70.94 
62.39 
55.56 
L6.15 
25.64 

3 . 4 2  
0.8 5 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 

A N A L Y T I C A L  
T  G VALUES 
o a 1 1 1  

0. on 0 .oo 

G E O M E T R I C  MEAN = 1.2028Pe+O2 
G E O M E T R I C  D E V I A T l O W  = 2.87%45r+00 
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A 4 7 0  r a b l e  7.-- S T A T I S ~ I C A L  SUMMARY - ROCK SAMPLES - -  c o n t i n u e d  
r I T L E  

PRINCE R U P E R T  auAo R O C K  D A T A  

FREPUEWCY TABLE FOR COLUMN 30 ( S - Z R  1 

L I M I T S  
LOUEA - UPPER 

8.3et00 - I . 2 e t O l  
1 . 2 e t O l  - I . 8 e t O 1  
1 . 8 e t O l  - 2 .6e t01  
2 . b e t O l  - 3 .8e t01  
3 .8e t01  - 5 . 6 e t 0 1  
5 .6e tO I  - 8 . 3 e t 0 1  
8 . 3 e t 0 1  - 1 . 2 e t 0 2  
1 .2e tO2  - t . 8 e t 0 2  
1 .8e+02  - 2.6et02 
2 .6e t02  - 3 .8e t02  
3 . 8 e t 0 2  - 5 .6e t02  

F R E Q  
c  un 

3 
3 

1 1  
I r, 
3 5 
5 0  
7  6  
9 1 

1 0 1  
1 0 9  
1 1 3  

HISTOGRAH FOR COLUMN 30 ( S - I R  1 

X X K  

Y X X X K K Y  
X Y X  
~ r r r x x x x x x ~ x x x x x x ~  
Y Y Y X X X Y X X X X X X  
X X W Y x Y ~ Y Y Y Y K Y W X X r X x I X r X  
r Y x r x n x x n x Y x x  
w z r m r x x Y r  
X X X X X X X  
X  X  X 

HAXIttUN = 5.00000e+DZ 
M l N I  MUH = f . 0 0 0 0 0 e t 0 1  
G E O M E T R I C  MEAN = B .75249e t01  
GEOWETRlC OEUIATIOM n 2.30688e+00 

PERCENT 
FREQ 

2.61 
0.00 
6.96 
2.61 

18.26 
13.04 
22.61 
15.04 

8.70 
6.96 
3 .48 

PERCENT 
F R E Q  cun 

98.26 
95.65 
9 5 . 6 5  
88.70 
86.09 
67.83 
5 4 . 7 8  
32.17 
19.13 
10.43 

3 . 4 8  

ANALYTICAL 
G VALUES 
0 1 1 3  

0  - 0 0  
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I A B L E  8 .  A N A L Y T I C A L  O A T A  F O R  R O C K  G E O C H E H ~ C A L '  SAMPLES 
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LAr ~ T U O E  LONG I T U O E  R O C K  8 M I N E R A L  C O D E S  S - F E X  S - H G X  S - T  l r: 
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T A B L E  8. A N A L Y T I  C h L  O A t A  F O R  R O C <  G E O C H E M I C A L  S A M P L E S - - c o n t  i n u e d  

L A T I T U D E  L O N G I  1UOE ROCK % f i INEAAL C O D E S  S - F E X  S - R G X  S - C A X  S - T I X  S-MN I SAMPLE S-AS S-AU S - 0  



a 
W O D C C O  0 0 0 0 0  O O O O O  O Z O O O  O O O C O  00000 O O O O O  O C C P O  O C O C C  
I O O O O Q  o o o c o  ocaaoo o 0 0 0  O O O O O  o o a o a  o o o c a  a o o o o  e o o u c  
WY C r n 0 0 0  0 m 0 0 m  0 u - - m u -  m h m n  m w m h m  m a l n N N  b a r n 0 0  b-,",mr.u 

* b %  b  5 8  * 5  
c r c t  v r r  C 

b  a *  b C 9 .  
C F t r C t N  C r r - r  

m 
t O P O O O  C O O O Q  o m 0 0 0  a a o o o  o o o o o  O C Y D C O  o o o a a  a c o o e  o c a o c  
I N N N N N  N W W W N  N N N N N  N N N N N  N N N N N  N - N N N  W N N t U N  W C W N N N  m W N W r  
rn v v v v v  v v v v v  V V V V V  V V V V V  v v v v v  V V V V V  v v v v v  V V V V V  V V V V L  

3 
u ~ a a m v r  m o r n a m  o o w i a m  o a o a o  * * o m *  * - m a -  m o m m o  o u - o h o  o m o 3 . n ~  
I . r r n n v -  . - - c v  ~ N V N V  O N W I Q O  V V V  V V V ~ V  v r v r n  W v m  r n v - r r  
YI N r r  r 

7 .  OCIOOE3 P d W O O  O O O O P  O Q O a 0  0 0 0 0 0  0 5 3 0 0 0  0 0 0 0 6  OOClEJO 0 0 0 Q t  
r r r v n d  V l m ~ w i f U  m U - m N  m o o - h  r r - - r  - - r r -  ----a w 7 - m ~ ~ -  h N m N u  

cn v v v v  r -  m v o r  v v v v v  v v v  v v v m  C V V V  - F 

l - 
0 
U 
I m o o m o  o o o o e  ooom- o o o o a  d m o m n  o o m o o  o o m v r o  a o o o o  o o o o c  
m V ~ F V N  N N ~ N C  m r r r V  N m m N N  V V r V V  c r v m r  r e v r h  m r r v N  n n n n v  

UI 
4 C J O ~ C J O  O O O Q O  o o o o o  a o a a o  o o o a o  q o o a o  o o o o o  a o o n o  o o o o c  
I . . . . .  . . . . .  . * I . .  * . . . .  . . * I .  . . . .  * I . . *  . . . . .  . . * .  
w r v r N w  C C F - c  F T - N c  F - N - C  r r - r r  r r r r ~  - r e - -  c r N - ~  r v - r r  

V v v v v  v v v  v v  v v  V V V V V  v v v v v  v v  v v  V V  v  V V V  

* 
m o o a a o  o o o o o  O O P O O  09000  a o o a a  O ~ O O O  o o o o o  a a ~ o o  O O O ~ C  
1 a o o a a  O O Q Q O  O O O N Q  O N O O O  O O P O O  o a o o o  P O Q ~ ~ N  a o o o w  o o o a c  

m m m m V ~  a m - 0 -  h D m v m  Q v W O O  * - O h 0  O h o m h  m 0 0 r  m O m O r  O m u % O #  
l C C C  . . * . .  b .  b  b  b  b * b 5  * * *  * b  b b . * b *  

, * < < c -  U - Z ~ C C  = Z * C S ~  < e r n * <  c e q d r  a c ~ e -  c a c c u  < e < u r  
w m a w m p  O - w m u  W Q ~ Q O  O < P * ~  m m a r ~  n u m e -  m a w * *  * s e a -  r v n v - c  
A m m m m m  9 9 9 9 9  a e 9 a - e  b ~ m m r n  m n - u *  U J U U Q  m - h r - h  h r - h m c ~  ~ m m w c  
o U U U - +  uuuuu  U U ~ U U  u o o o o  o o o o o  c ~ o o o a  o o o o o  o o o o o  o ~ o o c  
r e a a ~ e  = = = = a  e a c a ~  ~ X X W Y  X X Y Y X  Y Y Y Y Y  Y Y Y X Y  Y Y X Y X  X X X X Y  

W W W Y W  L U W U J W U I  W L U W W W  L L I ~ E ~ P  a e e a a  a h a a a  e a a a a  e a a m a  a m * - &  
ul a**** * * * a *  -a+o**a *a*** * * + a * *  a * * * *  * * * * a  * * * * *  + n . c a a * <  

hhhhh  h h R b h  hkhhh kbhhh hbhhk  hhhhh  h h h h h  k h h h h  h t ~ t h h  



a 
I 
t 
u o a o w o  a m n m o  a m o m o  o a o m o  u - m - a o  o a a c o  
I n m - + - n  u n - q n  n a - ~ m  b - r u ~ h  r v r r -  - w - - N  
4 
4 

m 
a m m m m m  O O O O *  m m m o m  m o * a a  m m m m m  m m m c o  
I V r - t +  P F v r  V V V V  - + 
< 

a  
H P O O O O  C O O 0 0  0 0 0 0 0  0 0 0 0 0  O O O O P  o o o o a  
I m m o n o  ~ o o ~ o  r u o o o m  m ~ h ~ o  m m a b - n  o h o o o  
WY r r r NN W n m m -  c v  r r  - w + - F  

o o o o o  o o o o o  o c a o o  
m m h h N  O m C C O  n m m m o  

N m - r  C C P -  

- 
I O O ~ Q O  o o n m 0  o a m m o  P O O O O  o o o a o  o a o o o  

U3 N W v r N  W W l r r r  N ~ r r r  - r + N N  - r r - r  r r ~ r W r  
V V v V V V V V  v v v  V 

0 0 0 0 O  o a a o o  o a o o a  O O O O Q  o o a o a  O P O O O  
I r n m r n - 0  ~ O O O *  o o a h n  a m m o o  h m m r u n  h h n a b  

vr r r  N - N ~ N  m w -  V) - m V l  c n 

o a o o o  0 0 0 0 0  00000 
h m r O O  O m O u - 0  0 6 0 0 0  

- N  N n - m  m m n ~ ~  

a a h h h  h h h m a  c o m m m m  
O O O O O  30406 Q 3 0 0 0  
X X Y X U  x x x x x  X Y X X Y  
= = a = =  g = g % e  ~ ~ E X Q  

a u u u u -  - u u u u  * G u * - i  u d d d o  o m 0 0 6  o o a a G  
f a & = = =  a a c e a  a x x y y  X X M X X  x x x x x  
< W W Y W Y  W W W W W  W W W Y U  w e e a z  4 4 a a a  a = = * &  
WY 9 a - 0 0 9  a*--- * * * a -  a a - a *  **a** S Q a - 9  

hhhhh hhht-h hb*hh  hhhhh h c h h h  hhhhh 



m 
I o o o o o  a o o a a  o o a o o  o o o o a  a o o o o  o o  

YI r r r ~ r  r - r r r  c r - r r  r r r r r  r r r + v  r r  
V V V  V  v v v  V V V V V  V V V V V  v 

+( - ooooo o o o o o  a a a m o  o o o o o  o o o o a  o o  
7 Z Z E E Z  Z Z S Z 2  Z 2 ~ 8 2  Z Z Z Z Z  Z Z Z Z Z  Z Z  ", . . . . * . . . . . . . . . . . . . . . . . . . . . .  

V 



m 
a 0 0 0 0 0  0 0 0 0 0  Q O O W O  o o o o o  o w o m a  00  
I N n N N N  - N N P l r  r r r r r  m N N N n  ~ N N F N  N r  

VI V  v v v v v  

- 
r a m m a 0  0 r n r n Q U - l  a u - m m m  m m * m m  momma oa 
I N V V W -  0 r N V  O V V V V  V V V V V  V . W V V N  ~ m  
VI - C - 
m 
z O O Q O O  o c o o u  a o o o o  o o a a o  o o o o a  00 
I N N N N N  N m m N N  N r n W N N  N N W N N  N W n I N N  W N  
La V V V V V  V V V V V  v v v v v  V V V V V  V V V V V  v v  

u 
4 a 0 0 0 0  a a 0 0 0  O O O Q O  o o o o a  o o o o a  0 0  
I m m m r n *  ~ m m m m  n n ~ r u *  m m n m m  m m m h m  m n  
ur v v v 

a 
v O O O O O  00000 0 0 0 0 0  o o o a o  a 0 0 0 0  a 0  
I m - r m h  a N n O r  O r r - -  r r -+ -  r b r - 0  n o  
V, V V  h r V  m V V V V  V V V V V  v V v c  u-4 

UJ 
a 0 0 0 0 0  00000 0 0 0 0 a  a o u m a  O O O Q O  0 0  
I . . * a *  . . . . .  m a r . *  . * . . .  . a m . .  .. 

r r r - -  r r r r r  - r+ r -  r r - r r  - c - r r  - -  
V V V V V  v v v v v  V V V V  V  v v  V  v v  

4 
m o o p o o  a a o o a  o o o o o  o o a o a  o a o o o  o o  
I 0 a 0 0 0  *oooa 0 ~ 0 0 ~  o a o a a  0 0 0 0 0  O N  

W O P O V l h  O h O h  ahowla O a O h O  O O O - a  U- lV  
* s * -  s * s s *  5 
~ r r r  - r N N m N r  N r - N r  r 



e 
H a a a o a  o e o o a  o o o a c  
I ' A O Q h O  U 7 O m m h  D h I U r *  

- m  m N r 

Q m a Q O  O O Q O O  a O  
r r r r ~  r r r w m  r b  

=- 
t M O Q Q Q  O d Q O O  * D P W Q  O O O Q O  a0000 0 -  

t r r m ~  W N - P U N  F C C - P  - r r f W N  C C ~ N -  N r  
v v  v v v  v V v  v 

a O O O O Q  a a o a o  a a a a o  m o a a a  a m o a a  00 
I a - ~ O C  OW-00- o m r t a  c h m o m  m a r 0 0  Q O  
ul r.,V 6-u- N " m 7 ~ V  N v v -  V W r  6-u w -  n m  

< c * ~ - x  m a e r e  c < < m c  c e a s e  d c c * e  a <  
w h m D O r  - N m + m  a h u g h  x ~ m c ~ ~ n  m.0h-m 0 - r  
4 - 5 w - Q  * * * a m  a m m m m  a Q p o m  * P * * *  00 
4 O O Q O O  O O O Q o  0 0 m a m  m*mvsm m m m ~ - m  -9 
x Y Y Y Y X  X Y X % %  x y - 7 -  7- , - , - .7  7 7 - 7 7  11 

-I m a - ~ a  m m n m u i  ~ 1 w m m u Y  m v l  
la * a * * *  *a*** * * - a 9 9  Q Q 9 0 Q  9 9 Q 0 9  9 0  

R b h W r .  h h h k b  h h h h k  h h h h *  h h + h h  k h  






