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In spite of the success of geophysical methods in subsurface exploration, 

the applications t o  gold prospxting i n  Alaska are limited owing t o  several 

reasons, Presence of permafrost and the complicated interpretation procedures 

of geophysical methods are the two major factors. 

This study evaluated the performance of seismic refraction and e l s t r i c  

resistivity methods on frozen ground and permafrost f ree areas i n  the 

F'airbanks mining districL Two computer programs, SEISMIC and mISTIVITY, 

were developed t o  assis t  the field data interpretation. 

The seismic refraction proves i tself  a good technique for determining the 

depth of a possible deposit i n  permafrost f r ee  area. A survey conducted i n  

frozen ground w a s  unable to accurately detect the gravel-bedrock cmtacL 

The ScNumberger and Wenner arrays produced very consistent results. The 

resistivity profiling successfully detected a known gold-bearing quartz vein. 

Prof i l i n q  data a l so  identified a s imilar  vein pattern which was previously 

detected by VLF method. The ver t ica l  e l ec t r i ca l  sounding method produced 

results with less accuracy. I t  was probably caused by the limitation of the 

interpretation p r d u r e s  and the theory used. 
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Gold mining (Figure 11, the foundation of Alaska's heritage and economy, 

has played a major ro le  i n  t he  exploration and development of t he  state. 

Since t k  discovery made in 1902, the Fairbanks d i s t r i c t  has been more active 

than any other mining d i s t r i c t s .  Statewide operation a f t e r  World War I1 

declined due t o  r i s ing  operating costs ,  and during the  1960's near ly  a l l  

dredging w a s  discantinu& &regulation of federal res t r ic t ims  on prices and 

ownership and t h e  increase i n  world market p r i ce  i n  the  1970's st imulated a 

revival  of gold mining a c t i v i t y  i n  t he  state. Gold production was up 30 

percent in volume from 1981. Ekploratian w d i t u r e s  increased steadily from 

$4.6 million in  1979 to $353 million i n  1981 and declined t o  $102 millicn a 

year l a t e r  (Eakins and others,  19821, The rapid drop i n  exploration was due 

to  the worldwide recession and high prospecting cost, and it also reflected 

decis ions  made by major companies t o  proceed toward production of the  

deposits. 

Reqardless of the temporary reduction of exploration activi t ies,  it w i l l  

be more and more important t o  find new reserves as the production increases. 

I t  is unfortunate that as the need for gold increases, the chance for finding 

a new prof i tab le  deposit becomes smaller  and t h e  prospecting technique fo r  

such a s i t e  becomes sophisticated. 

e s i c a l  methods have been the basic tools in subsurface investigation 

for many years. -sic& prospecting involves systematic measurements of 

physical  proper t ies  of a po ten t ia l  deposit  and the  surrounding materials.  

These measurements are made i n  search for  the  anomalies of the  properties. 

Seismic refract ion and e l e c t r i c  r e s i s t i v i t y  methods a r e  widely used i n  
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Figure 1. Sign i f ican t  gold deposits i n  Alaska 
( a k i n  and Others, 1983) . 



geologic studies, petroleum exploration and mineral prospecting. Depth t o  the 

m o c k ,  type of deposit and other material properties can be investigated and 

determined quickly without needs for dri l l ing except where occasimal f i e ld  

checks a r e  desired. In s p i t e  of the  unique advantages of these two 

techniques, the  appl icat ions  t o  placer and lode gold prospecting have been 

l i m i t & ,  owing to  the following reasons: 

- the cmplex nature of frozen deposits: 

- the  lack of complete information on ve loc i ty  and e l e c t r i c a l  

properties of gold deposits and the overburden materials; and 

- the complicated interpretation procedures which require mnsiderable 

background knowledge of the technique, 

Wescott (1982) evaluated the performance of three geoplysical methods for 

exploration of aur i ferous  gravels i n  the  Fairbanks mining d i s t r i c t .  He 

concluded t h a t  t h e  seismic method can determine accurate ly  the  depth t o  

unweathered bedrock, even i n  deep permafrost areas  and the  r e s i s t i v i t y  is 

useful in finding water-bearing gravel and bedrock i n  non-permafrost areas, 

Anderson and Johnson (1970) canducted resist ivi ty surveys on the north flank 

of Cleary Summit about 16 a i r  miles north-northeast of Fairbanks. They 

indicated that the f ie ld  data were useful for selecting locations for further 

deta i led study. In areas f r e e  of permafrost, depths t o  bedrocks estimated 

from the res is t iv i ty  data were ampared favorably with drill-hole d a b  How- 

ever, r e s i s t i v i t y  soundings made over frozen gravel  were useful only f o r  

determining the depth to the permafrost table. 

One of the  major objectives of t h i s  study was t o  develop the f i e l d  

operating guidelines which w i l l  provide the  prospector with s tepby-s tep  



introductoty procedures of seismic and resistivity surveys. me to the highly 

technical nature of these methods, this report also provides two computer 

programs which were primarily designed for interpretation of the survey data. 

Prospectors can use these packages to  their  benefit.  The detai led 

documentation and discussian of these two softwares are listed in chapters I11 

and IV and -dices A and EL 



R E G 1 m  Gm[fX3GY 

fie lode and placer deposits of the Fairbanks mining d i s t r i c t  extend from 

Ester Dome t o  Fairbanks Creek and Coffee Dome (Figure 2). I t  def ines  a 

northeast-trending belt  which is bounded on the northwest by the valley of the 

Chatanika River. The southeast  boundary is approximately p a r a l l e l  to t h e  

Chena River and its northern trikutary. 

The d i s t r i c t  is located i n  t h e  northeastern par t  of t he  Yukon-Tanana 

Upland, which is underlain by a sequence of rocks ranging from the Precambrian 

formation t o  recent s u r f i c i a l  deposits. Every geologic system except t h e  

Jurassic is represated by sedimentary, metamorphic, or volcanic rock units. 

The o ldes t  rock i n  t h e  district  is the  Birch Creek schist of the  Yukon- 

Tanana metamorphic complex, This metamorphic complex comprises about 75 

percent of the  Yukon-Tanana regions (Figure 3) .  The basement complex is 

composed of a t  least two sequences of metamorphic rocks that include parent 

rocks of late Paleozoic (Ordovician) and Precambrian age. The metamorphic 

rocks range i n  grade from greenschist  t o  garnet-amphibolite and ec log i te  

facies, Although micaceous qua r t z i t e s  and pe l e t i c  s c h i s t s  are t h e  most 

dominant rocks, the metamorphic complex also contain large gneiss terranes. 

The Yukon-Tanana metamorphic complex has been extensively intruded by 

Mesozoic granitic rocks ranging in composition from quartz diorite t o  granite. 

Some of these intrusives are of batholithic sizes. rhe schists  have also k e n  

invaded by mafic and ultramafic intrusives, including diorite, gabbro, horn- 

blendite, and peridotita 



Figure 2. Map showing location of the Fairbanks 
mining d is t r ic t  (Forbes, 1982) . 





Although Cretaceous argillaceous sediments, graywackes and canglomerates 

have been mapped northwest of ~airbanks, the Mesozoic sedimentary rocks have 

not ken fomd in the southeastern part of the Y u k o n ~  Upland. 

Small areas of basaltic rocks occur in the Fairbanks district. These 

late cretaceous volcanic rocks are preserved in downthxown fault blocks. 

Basdlt also occurs as cross-cutting dikes throughout the Upland. 

3krtianaQ& 

Tertiary sediments, including siltstones, sandstanes, and conglomerates, 

occur as mall, isolated outcrop in the Yukon- Upland. All occurrences 

are of nonmarine origin, and some section are similar to the coal-bearing 

Tertiary rocks on the north flank of the Alaska Range. 

The Tertiary volcanic rocks occur as erosional remnants at higher 

elevations in the Upland. It has been found in the southeastern part of the 

area. The volcanic rocks are similar to that of the Tertiary volcanic fields 

of the Circum-Pacific island arcs, Granitic intrusives are found in the 

northwestern part of the Upland. 

Outcrops of quarternary basalts are present in several localities in the 

Tanacross Quadrangles. Those occurrences are adjacent to the northeast- 

trending faults. 

Glaciation in the interior Alaska may have been initiated in the late 

Miocene or Pliocene time. Both Illinoian and Wisconsin glaciations have 

depoerited glacioflwial sediments on the flood plains of the Tanana, Delta, 

and Tok River, As a result of the glacial deposits and the southerly winds, 
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l a rge  quan t i t i e s  of silts from t h e  f lood p la ins  were deposited as loess on 

the north sides of the rivers. 

During Holocene time, t r i b u t a r y  streams i n  the Upland s t a r t e d  a new 

erosion cycle. The glacial dewsits are being reworked by the main streams 

and co l lw ia l  deposits are developing in  the area, mring Wisconsinan time, 

t he  3 2 O ~  isotherm may have reached a depth of 1200 ft. i n  t he  Yukon-Tanana 

Upland m i n g  the l a s t  2000 to  3000 years, a warming weather has in i t ia ted a 

long term thawing cycle Currently, south-facing slopes are generally free of 

prmafrat and the permafrost exists on north-facing slopes and valley floor 

covered by vegetation, 

REGIam S1WCNRE 

The regimal geological structure is dominated by two arcuate lineaments 

(Figure 4). These a re  the  Denali f a u l t  i n  the  Alaska Range and t h e  Tintina 

fau l t  on the north. The Denali fau l t  is continuous with the Shakwak lineament 

i n  CaMda The Tintina fau l t  has been extended into eastern Interior Alaska 

from Canada. Both of these lineaments are s t r ike-s l ip  f a u l t s  with la rge  

right-lateral displacement, There may have been 40 miles of offset  along the 

Tintina fault i n  Paleozoic time, with an additional 220 miles of offset  during 

the Mesozoic era. A right lateral offset  of 250 miles along the Denali fault 

s ince  late Cretaceous time has been documented. Lode deposi ts  i n  t he  

Fairbanks gold b e l t  a r e  dominantly f i s s u r e  or f a u l t  controlled. The 

wcurrence of gold bearing quartz veins extends northeast from Ester Dome to  

Pedto Dome and the Qeary Summit areb 

The Yukon-Tanana Upland is on t h e  Tanana Geoanticline, the l a r g e s t  of 

t h ree  major geoanticlines developed during t h e  ear ly  Cretaceous orogeny, 





During the Cretaceous period, detritus from the Tanana Geoanticline was 

deposited in the Kuskokwim Geosyncline to the north and the Alaska Range 

W y n c l i n e  to the south. These troughs were up l i f t 4  and deformed during the 

late Cretaceous and Tertiary age. 



The f i r s t  seismic refraction was introduced for o i l  exploration in  1923, 

Since then, it is widely applied a s  a reconnaissance t o o l  i n  newly explored 

areas. Refraction is particularly useful where the surface of a high-wave- 

speed layer,  such a s  t h e  top of a bedrock, is a t a r g e t  of prospecting 

in te res t .  For problems concerning the  determination of the  depth, d ip  and 

type of a sedimentary formation, re f rac t ive  seismology can be a highly 

e f f ec t ive  and economical approach f o r  achieving t h i s  objective, Under 

favorable circumstances th is  technique can also be used t o  detect and estimate 

the throw of a subsurface structure or an irregular buried channel bottom. 

THEDRY 

Seismic waves travel down-ward t o  the subsurface layers from the energy 

source along s l an t  paths, approach t h e  l ayers  a t  t h e  c r i t i c a l  angles, and 

return t o  the surface along the critical-angle paths a re  regarded as refrac- 

tion. The plysical mechanism involved i n  this type of wave propagation can be 

best i l l u s t r a t e d  using t h e  hypothetical subsurface formations w i t h  uniform 

properties within each layer. The upper layer is separated from the lower by 

a horizontal bundary a t  depth z (figure 5). The velocities of seismic waver 

within both media are  Vo and vl respectively. The seismic wave is generat4 

a t  point  A on the  surface  and a set of geophones are located a t  point  D a t  a 

distance X from R 

When the wavefronts s t r ike  the boundary where the wave velocity changes, 

the energy w i l l  be refracted in to  the lwer medium according to  Snell's law: 



DISTANCE, X 

Figure 5. Seismic wave paths of the least time and 
time-distance cu rve  for a two layer s t r u c t u r e .  



Sini, = Vo/V1 

If the  geophones - energy distance is small, the f i r s t  a r r i v a l  wave t o  the 

geophone w i l l  h the one that travels horizmtally a t  a sped Vo. ~t greater 

distance, the wave that takes an indirect refraction path, traveling down to, 

along, and up from the interface, w i l l  arrive f i r s t  because of the time gained 

i n  t ~ a v e l  through the  higher-speed medium. In the  case of a subsurface 

consisting of discrete homogeneous layers, the s i m p l e  and most useful way to 

i n t e r p r e t  re f rac t ion  data is t o  p lo t  the  f i r s t  a r r i v a l  time (TI versus t he  

geoplmne - energy distance 0. 

To determine the  a r r i v a l  t i m e  along t h e  refraction path i n  terms of 

horizontal distance, the tota l  travel-time is: 

On the  T vs. X p lot ,  slopes of the  two l i n e  segments a r e  the  inversed 

ve loc i t i e s  (l/Vo and l/V1) of top and bottom layers. The upper l i n e  in te r -  

cepts the lower l ine  a t  the crossover distance (Gr,s) and the time axis a t  a 

time (Ti): 

The depth to  the interface can h cdlnilated from the m t i o n  2 or: 3 or 

from the crossover distance. It is 



For cases with three or more layers, the calculations for velocity, depth 

to  the bedrock and thickness of each stratum are similar but more complicated. 

The seismic microcomputer program capable of solving problems with up t o  ten 

formations was developed t o  perform this type of tasks, 

The na tura l  placer deposi ts  are usually not  horizontal,  The dip  angle 

( of refractor can be determined from the time-distance data (Figure 6). If 

the perpendicular distance (Zd) from the shot to  the refractor a t  the end of 

the survey l ine  a t  which one shoots downdip, the to ta l  travel time (Td) from 

the energy t o  geophone is: 

Similarly, the time (T,) for shooting updip is 

Tu = 22, Cosic/Vo + (-1 Sin (ic-Q) (EQ. 7) 

where t h e  zU is the  perpendicular distance a t  t h e  end of a survey l i n e  from 

which the wave refracted updip. 

Since the respective slopes of the upper line segments for both se t s  on 

the  time - distance p l o t  a r e  not the  same, t he  t r u e  veloci ty  of the  lower 

layer cannot be calcula ted directly.  To obtain the veloci ty  of the  lower 

layer and the  d i p  angle of the  refractor ,  the  s lope (md) of the  downdip l i n e  

segment and the slw (%I of the updip l ine  should be combined. I t  yields: 

i, - 0.5 (Sinn1 vo 4 + SinSin1 Vv, (4. 8) 



~ i g u r e  6. Seismic refraction along a dipping bed. Respective 
shots  are at updip and downdip ends of survey line. 



and the dip angle of refractor is: 

With the determination of i,, the velocity of lower formation can be computed 

from the Snell 's  low. The perpendicular distance ZU and zd are calculated 

from the intercept time Tu and Td: 

and 

The mathematical calculations for determining dips and depths of geological 

layers used in  the computer program were adopted from Mota (1954). Figure 7 

shows the geometry and ray paths for a n-layer case. The depth of the refrac- 

tor at both shot points is given by: 

n-1 
Hn = ( ~ / C O S  $l) I E Z,, i Cos On, i-0, + ei)/Cos e,iI (Eq. 12) 

and 

The dip angle of the nth refractor is en which m be deternined with the 

angles made by the wave refracted along the previous interface and the dip 

angle of the (n-11th layer. From this, 5%. en is 



Figure 7 .  ~ e f r a c t i o n  along the nth dipping layer ( a f t e r  Mota, 1954).  



Thickness of the mth layers measured where the wave travels through to 

the nth interface is expressed as below: 

z"rm ~n-ltl"' + [ ( Z n - i ,  1 Tana,-l, 1 - W l r l  !Ian n,l) 

[ ~ O S ( O ~ - O ~ )  . . COS (&l - *2)1 (Zn-1,2 ma n-1,2 

-Zn,2 Tan, n,Z) [ C o ~ ( g ~ - g ~ )  . . . codl (el -$ -z)l  

+-+ (In -1, m-l Tan un-1, m-l - Zn, rn-1 Tan, n"m-1) 1 Sin en+ ,-1 ) 

A s  a subsurface structure,  if a f a u l t  or buried r iver  channel occuts  

along a survey line, the upper l ine  segment of the time-distance diagram will 

be o f f  set (Figures 8A and 8B). The amount of throw (Zt) can be determined 

from the difference ( T ~ ~ - T ~ ~ )  of the  intercept  times corresponding to  the 

o f f se t  lines. It  is: 

The value of Zt can be positive or negative depending u p n  where the shot 

locates. It is a positive value when the shot is on the upthrown side of the 

structure. 
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Figure 8. Refraction across a subsurface structure. (A) Shot at up- 
thrown side, (B) shot at down-thrmn side. 



Refraction data must be corrected for e leva t im The correction remwes 

differences i n  travel times due t o  irregular topgraphic surface. rhe most 

commonly used procedure fo r  t h i s  correct ion is t o  place both shot  and 

geophones on the  same reference plane. I t  is done by subtract ing the  times 

tha t  a re  required for the waves t o  propagate from the shot or geophones t o  the 

datum plane. Figure 9 i l lus t ra tes  the correction procedures. The delay t i m e  

associated with topographic variation (ATe) is: 

The delay t ime should be subtracted from the  observed t r a v e l  time fo r  each 

geophone i n  order t o  place both energy source and detector  on the  same 

re fe r  a c e  plana 

FIELD PRlXEmREs 

Since the  poss ib i l i t y  exists t h a t  a prospector may use re f rac t ion  

seismology fo r  determining the depth t o  gold bearing deposit ,  a br ief  

description of the routine f ie ld  survey procedures are summarized. 

Before laying out and making the actual seismic survey, a certain amount 

of planning should be prepred, which involves the follming consideratiam: 

1. -9th of survey line - The maximum survey distance should be 3 to 5 

times the desired depth of investigation. For placer exploration in 

the  Fairbanks mining d i s t r i c t ,  the  distance of geophone spread is 

recommended t o  be a t  least 200 t o  600 ft. The dis tance va r i e s  

depending upon the location of the survey. 





2. Location of survey l i n e  - The l i n e  should be centered a t  t he  

position where depth information is required and oriented in  any 

convenien t  d i r e c t i o n .  Although e f f e c t s  of topographic  

irregulari t ies can be corrected, it is more convenient t o  avoid them 

than t o  process the data later. 

3. Spacing of geophones - Spacing between geophones should be selected 

t o  provide sufficient quantity of data t o  adequately determine the 

velocity of each formation. When startingga traverse in  an unknown 

area, it is adequate t o  separate geophone stations by about one-half 

the desired depth of investigation. EQual spacing is convenient but 

not essent ia l .  Smaller i n t e rva l s  can be used as t h e  geophone is 

close t o  the shotpoint. 

After laying out  t h e  survey l i n e  and t h e  f i e l d  equipment, the  ac tua l  

survey should proceed with care. A l l  vibrations must be kept t o  a minimum as 

the readings are being taken. The highly sensitive transducer of the geophme 

w i l l  r e s p d  to footsteps, distant machinery and traffic. 

MI- ANALYSIS 

SEISMIC, the computer program for processing t h e  refract ion data, was 

written i n  Microsoft BASIC (MBASIC) language. The MBASIC is one of the most 

popular software languages used i n  microcomputer industry. With a small  

modification of the SEISMIC program l is ted in  -dix A, it should be able t o  

run on many different microcomputers. An example problem with the input and 

output information is listed i n  the m d i x  A for illustration, 



Functions of the  program include calcula t ions  of wave veloci ty  of 

material ,  thickness and depth of a subsurface formation, and d i p  angle of a 

refractor. In addition, the location of a possible subsurface structure can 

be estimated. The software package consis ts  of seven major segments which 

include p lo t t ing  routine, s t a t i s t i c a l  analysis,  topography correction,  d ip  

angle and thickness calculation, and input and output statements. Figure 10 

i l lus t ra tes  the flowchart of the program. The calculation procedures used in 

this program are s i m i l a r  t o  those discussed in  the previws section. 

Since it was programmed in a user friendly mode, the prospector who uses 

this package should be able t o  run the program without difficulty. Eue t o  the 

l im i t a t i on  of CPU memory and processing speed of a microcomputer, the user 

should be aware of the capacity of the program. The input-output seguence and 

the restrictions of the program are discussed as follows: 

1. A s  the program is run, the f i r s t  messageshown on the monitor and printer 

is: 

PROBLEM- 

Type the title of the study into computer. The maximum length of title 

is 80 characters, 

2. The second information on the monitor is: 
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READ TIME. 

R E V E R I E  6 8HOOTlNQ 1 
X- AND Y -  I :; p 

AADEL 
X- AND Y- 

QRACHICAL 
DISPLAY 

E l T l Y A T L  
CRO8.-OVER 

D I I T A N C E  

LINEAR 
REOREBI ION 

PRINT 
R E a R E O l l O N  

Figure 10. Flow chart of the SEISMIC micrommputer program. 
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DET ERMlNATlON 

Figure 10. Flaw chart of the SEISMIC microcomputer program 
(cont'd) . 
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Figure 10. Flm chart of the SEISMIC microcomputer program 
(cont'd) . 



If the f ield work contains shotp in t s  at the two ends of the survey line, 

then type T" otherwise type %". 

3. The f olluwing message w i l l  be on the monitor and printer : 

*** FOEWARD m m  *** 

INPUT -1 FOR TIME AND -1 FOR DISTANCEl WHEN aQMPLfiE 

TIME (KISS) D I ~ C E  ( ~ t )  

A similar message for reverse shooting w i l l  prompt if the previous q u ~ -  

tim is answered as 9". 

4, The field data, travel time and shot-geophone distance, should be input 

according t o  the above instruction. The travel time in msec, should be 

typed in first then input the geophone-shot distance i n  ft. When the l a s t  

set of data is typed, input  -1 for both time and distance t o  terminate 

this statement. Maximum number of data points is limited to SO, How- 

ever, with mall change of the DIM statement i n  the main program the size 

of data points can be increased accordingly. Same input procedures are 

applied to the reverse shooting. 

5. Upon completion of inplt statement, monitor and printer will show a time- 

distance diagram (Figures 1 1 A  and B) for one d i r ec t iona l  shooting or 

f orward-and-reverse shooting. 

6. Follawing the graphic display the message on monitor and printer will be: 

REm.EssI13N ANALYSIS - lRIAL # 1 

7. Then the monitor alone w i l l  indicate a clearing screen message: 

TYPE-IN 26 !LO CLEAR THE SCREW4 
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Figure 11. Computer output of the time - distance plot. 
(A) One directional survey, (B) two  directional 
survey. 



Input 26 w i l l  c l ea r  t h e  monitor screen. Any number less than 127 w i l l  

not affect  the display. Numbers beyond 127 w i l l  cause syntax error. 

8, Following t h e  screen c lear ing action are several  messages concerning 

estimatians of cross-over distance: 

-TE lST, 2NDr , . , o r  lOm a m  DISIWKX 
0[3MPLETE FORWARD SHWITNG FIRST 
mEN RE7fERSE SIwImG IF AWULABLE 

INHJT !CElE MAXIMUM DIXCANCE WHEN FINISH 

9. &tima* the CrOSs-over distance (Xcros,) from the time-distance diagram 

and input  accordingly. Computer w i l l  repeat  the  following statements 

unt i l  the to ta l  survey distance is reached. Similar statements w i l l  be 

shown if reverse shooting is required. 

10. When the estimated c ros swer  distance is read, computer w i l l  excute the 

statistical routine and generate a series of output as follows: 

The values of al, bl, r l  and v l  are cornpted for each line w m t  on the 

t i m d s t a n c e  plot. B e  regression analysis repeats for reverse shooting 

if asked. 



11. The regression analysis can be continued i f  the correlation coefficient 

for any line segment is not sa t i s f ied .  It  is done by typing-in "Y" t o  

the following statanent: 

'IRY REKWSICN X A I N  (Y/N)? 

The answer Y" w i l l  transfer the control back t o  step 5 and repeat steps 

5 - 11 again. If the answer is Wn, then computer w i l l  move t o  the next 

statement. 

12. Topography correct ion subroutine w i l l  be activated by answering 9" to 

the following statement: 

The step U w i l l  be skipped i f  elevation correction is not desired. 

U, Tapogram correction requires in£omtion as such: 

Elevation of the refetence plane should be properly decided for  t h e  

forwad shooting and the reverse shooting. There is only one datum plane 

needed for each analysis. Elevations of s h o t p i n t  and geophone statians 

should be input  sequentially. I f  two d i rec t iona l  shootings are 

mducted, similar statements w i l l  appear for inputing data for reverse 



shooting. Computer w i l l  automatically return control  t o  s t e p  5 and 

generate a similar time-distance diagram as shown in  Figure 11. 

14. The last inplt statement concerns the choice of a regression l ine  plot on 

the monitor. It is: 

REGRESSION LINE PL#? (Y/N)? 

Due t o  the size l imitation of monitor screen, the resolution of line plot 

is inadequate. Also, t h i s  statement is only workable on the  monitor 

screen. The hardapy printer will generate identical diagram as shown in 

Figure 11. 

15. After all the previous 1 4  steps are  performed, program will determine the 

cross-over distance. It  yields similar output as follows for the forward 

shooting and the reverse shooting: 

cm!3wml DISTANCE D E x m M n m n r n  

16. me f inal  information of each subsurface layer w i l l  be displayed i n  the 

following form for one directional shooting: 

*** SUMMARIzm INFaRMATImJ *** 

m # 2  
m T Y  (Wsec) = 
THICKNESS OF BED (J?t) = 
D m  OF BED (Ft) = 



or as follaws for two directional shooting: 

*** SUMMARIZED INmRMATION *** 
LAm # 1 
VEIxIcITY (E't/Sec) = 
DIP OF NO. 1 REERACIOR (Degree) = 
THICKNESS OF BED AT SR4RT'ING FOINT (Ft) = 
THICKNESS OF BED AT ENDING KIDW (Ft) = 
D m  OF BHI AT !3X?KE W N  (Et) = 
D m  OF BED AT ENDING Fom (Ft) = 

LAYER# 2 
VEImITY (Ft/Sec) = 
DIP OF NO. 2 REFRACTDR (Degree) 
'MICKNESS OF BED AT POINT (Ft) = 
ZHICICNESS OF BED AT ENDING POINT (Ft) = 
DFREl OF BED AT StRRTXNG POIW (E't) = 
D m  OF BED A!r ENDING POINT (Ft) = 

Additional information such as the mssible location of subsurface 

s t ruc tu re  and t h e  amount of throw will be displayed when t h e  l i n e  

segments are o f f s e t  and p a r a l l e l  t o  each other. This process is 

automatic when two adjacent linear l ines  have a difference of slopes less 

than or equal t o  0,0001. Also, a message of low veloci ty  zone below a 

high veloci ty  zone w i l l  be prompted when the slope of any given l i n e  

segment on time-distance diagram is greater  than t h a t  of the  previous 

line. 

CASE STUDIES 

Two seismic refract ion surveys were conducted i n  order t o  obtain the  

basic physical p ropr t ies  of placer deposits. Cne survey was prformed in  an 

area where l i t t l e  exploration has been done. The second f i e l d  work was 

ca r r i ed  out  on a site where t he  l o c a l  geology is w e l l  understood. The 

discussion of these two surveys follows. 



Placer gold mining has been quite successful in the region immediately 

south of the Chatanika River near Olnes, Alaska, however, l i t t l e  work has been 

done i n  the area north of the river. This survey was conducted i n  an attempt 

to  estimate the depth to  M o c k  i n  the Willow Creek area. The site locates 

about one and three quarter miles north of the Chatanika River (Figure 12). 

Local Geology: Detailed geology of t h i s  a rea  is not available. The h i l l s  

surrounding the  site, l i k e  those i n  t h e  r e s t  of t h e  region, a r e  composed of 

Precambrian Birch Creek schist. To the south, there are Mesozoic and Tertiary 

granit ic  intrusives, some of which are gold-bearing. 'Ihe source far the gold 

i n  the Olnes area is believed t o  have been from the south, T h i s  is not 

necessarily true for the sediments north of the Chatanika River. 

In the valleys the schist is covered with thick layers of the Quaternary 

loess and gravels. Typically those deposits are sixty to  seventy feet thick 

south of the Chatanika River. 

The overall structure of the region strikes northeast-southwest. There 

are several large faul ts  in  the uplifted region that show thrusting toward the 

northwest. These t h rus t s  a r e  believed t o  be caused by the  compressional 

forces £ran the south. 

Survey Procedures: The refraction survey was carried out using twelve g w  

phones a t  15 meter (49.2 ft) i n t e rva l s  along a north-south lines. Each shot  

consisted of approximately 3 pounds of explosive placed i n  a hole about 3 feet 

deep. Geophones were frozen i n t o  the  ground t o  reduce interference. A 12 

channel Geornetric/Nimbuk ES-1210 seismograph was used t o  record the seismic 



Figure 12. Map showing the site of seismic refraction 
survey along Willow Creek.  





Table I. Sumnary of the time-distance measurmmts along 
track 1 at the W i l l o w  Creek site. 

Southward Shooting Northward Shooting 

Time ~msec) Distance (ft) Time (mSec) Distance (ft) 



Table 11. Smmary of the time-distance measurements dong 
track 2 at the Willaw Creek site. 

Southward Shooting Northward Shooting 

Time (mSec) Distance (ft) Time (mSec) Distance (ft) 



W 1 e  111. Surranary of the time-distance measurements 
dlong track 3 at the Willcw Creek site. 

Southward Shooting (S5) Northward Shooting (S6) 

Time (mSec) Distance (ft) Time (mSec) Distance (ft) 



Figure 13. Time - distance diagram of t h e  track 1 at the 
Willow Creek site. 



DISTANCE ( FEET ) 

Figure 14. Time - distance diagram of the track 2 at t h e  
Willow Creek site. 
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Figure 15. Time - distance of the track 3 a t  the 
W i l l o w  Creek site. 



Table IV. Results of seismic survey at the 
Willow Creek site. 

Velocity Dip Thickness 
0 ft) - 

Set I (Max. spread - 770.9 f t. 1 : 

layer #1 10284 6.33Os 18.4- 76.7 18.5- 77.1 

Layer #2 12135 2.16's 67.7- 63.2 87.7-134.1 

Layer #3 13854 -- 

Set I1 (Max, spread - 566.5 f t. : 

Layer #1 10448 0.98~~ 101.7-115.4 101.7-115.4 

Layer #2 16011 

Set I11 (Max. spread - 566.5 ft.) 
Layer #1 103 85 0. 41°s 89.0- 99.9 88.0- 99.9 

Layer #2 15184 -- - 



- 
Placer gold mining was q u i t e  active along goldstream a t  Fox, Alaska. 

After World War I1 t h e  industry declined and the re  is cur ren t ly  no major 

operation around. The U.S. Army Cold Region Research and Engineering 

Laboratory (CRREL) permafrost tunnel was cut into a near v e r t i c a l  s i l t  

escarpnent f ormd by the old placer operations (Figure 16). Since the excava- 

tion several researchers (Sellman, 1967 and Pettibone and Waddell, 1969) have 

performed a series of studies i n  the tunnel. The geoLogy of the area is well 

under stood. 

Local Geology: The mater ia l  and types of ground i c e  a r e  common t o  many 

permafrost areas. An idealized geological cross-section of the area is shown 

i n  Figure 17 to  i l l u s t r a t e  the sedimentary formation. 

S i l t  is the dominant constituent of the late pleistocene dewsits i n  the 

area. The silt sections a re  as much as 55 to 60 ft thick. S i l t  samples from 

the  tunnel ind ica te  t h a t  68 percent of the  mater ia l  i s  within the  sil t  size 

range. The bulk  density of the silt ranges from 78 t o  115 pcf and averages 92 

pcf, with moisture content between 32 and 139 percent by dry weight. The silt 

contains a massive ice wedge and small ice lenses, The volume of ground ice 

accounts 53 t o  80 p r c a t ,  

!the early Wisconsin gravels were stream deposits with imbrication of the 

pebbles, cobbles and sands. Sand and silt lenses of Illinoian age are common 

i n  the upper p a r t  of the stratified gravels. The average thickness o f  the  

gold-bearing formation i n  the site is around 13 ft, Moisture contents of the 

gravels range from 83 to 103 percent by dry weight. Particle size analysis 

showed that 55 percent of the material is in the gravel range. Although the 







gravel, similar t o  the silt, is bonded w i t h  ice, it does not contain massive 

ground ice. 

The bedrock i n  t he  area  is  the  same a s  t h a t  i n  t he  Willow Creek area. 

The Precambrian schist is a gray t o  brownish quartz mica schist. The gravel- 

bedrock cantact is very irregular. The top surf ace of the bedrock is highly 

a l te red  and forms a clay layer. Placer gold usually occurs a t  t h i s  a l t e r e d  

zone. Moisture contents of the  decomposed bedrock range from 6.5 t o  19.9 

percent by dry weight and average 11.7 percent. 

Survey Procedures: The surveys were conducted a t  two sites. Site I, near the 

escarpment, is a deposit of old t a i l i n g s  overlying the  s c h i s t  bedrock. Two 

200 f t .  survey l i n e s  i n  t he  northeast-southwest d i rec t ion  and one 100 ft. 

track perpendicular to the  NE-SW l i n e s  were superimposed on the  ground 

surface, Unlike site I, site I1 locates i n  the permafrost zone. Four 300 ft. 

survey l i n e s  were run along t h e  northeast  d i rec t ion  with varied geophone 

interval depending upon the distance from two end points. The 5- and 10- ft. 

spacings were used as the survey approached the ends of each survey line, Tfie 

tundra a t  site 11 was s t r ipped t o  t h e  base of t he  ac t ive  layer and t h e  

geophones were placed directly i n  contact with the frozen sil t  

A two channel soil test -9 signal enhancement seismograph was used with 

a 15 lb. tamper and one geophone integrator.  The geophone intexgrator  

amplifies the arr ival  waves and reduces noise interference through a set of 

four geophanes. The integrator w a s  useful when the shot and geophone distance 

were greater than 200 ft. 

R e s u l t s :  Data fran Si te  I rev& three subsurface formations (Figure 18). me 

ns-surface layer with velocity of abwt 1000 ft/sec is camp& of sands and 





gravels. The low velocity indicates that the material is loosely compacted. 

The thickness of the top sand-gravel layer ranges from approximately 10 t o  25 

f t., with d i p  of 4 .2O~ .  

The middle layer has a ve loc i ty  ranging from 2400 t o  2600 f t /sec.  The 

dif ference between the  t op  two l aye r s  is small, however, it is s ign i f i can t  

enough t o  separate them. The thickness of the  layer is i n  a range of 6 t o  21 

f t .  The re la t ive ly  higher ve loc i ty  might be caused by t h e  higher moisture 

content, colder temperature and the consolidation effecL It inclines toward 

south, which might contribute to the thickening of the layer a t  the south end. 

Underlying the  unconsolidated gravels is highly weathered schist .  

Velocity of the  s c h i s t  bedrock is 7000 ft/sec. Compared t o  the  bedrock 

velocity observed a t  Willow Creek, it is about one half of that sped. It is 

prokbly caused by the old dredging operation, which fractured and thawed the 

frozen bedrock. mpth t o  the weathered bedrock is amroximately 31 ft. 

Using the  records produced from s i t e  V, it was somewhat d i f f i c u l t  t o  

determine the exact psi ti^ of velocity breaks. It is probably caused by the 

presence of ice wedges and t he  undergroundopenings. Velocity of the  upper 

layer,  the  frozen silts, ranges from 7500 t o  11000 f t /sec.  The depth t o  

bedrock fran the seismic data was not determine due to  the insufficient survey 

length. 



The electr ical  resist ivi ty method for subsurface study was f i r s t  used by 

Schlumberger in France in 1912. Since then, the method has proved t o  be among 

the most effective geoplqsical means for  shallow subsurf ace investigation.  

The major advantage of resist ivi ty survey is its simplicity. The method is 

more frequently used i n  searching for  metals and minerals than it is i n  

exploring for petroleum. 

THEDRY 

E l e c t r i d  resist ivi ty prospecting makes use of the fundamental property 

of rock: t he  r e s i s t i v i t y  controls  t he  amount of current  t h a t  passes through 

the  rock when a spec i f i c  e l e c t r i c  po t en t i a l  difference is applied. Fie ld  

measurements of the properties of subsurface formations afford an opprtuni ty  

for distinguishing one type from another and determining depth t o  the layer. 

The r e s i s t i v i t y  of a mater ia l  is defined as t h e  res is tance (R) of a 

cylinder with a cross section of unit area and the unit length. If a block of 

conductive mater ia l  has a length L and a c ross  sectional  area A, then the  

resist ivi ty,  p, is expressed as follows: 

The general un i t s  of r e s i s t i v i t y  a r e  ohm-feet or ohm-meter. This  

properw is independent of the volume of material whereas resistance d e p d s  

upon the shape and the size of the material. 

Resistivity survey is generally carried out, using four e l ec t rdes  shown 

i n  Figure 19. A current  (I) is induced between the  two outer electrodes. 

When cur ren t  flows through the  formations, a potent ia l  d i f ference (V) is 
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Figure 19. Vertical cross-section of the earth showing the 
electric current lines (solid lines) and the 
equipotential lines (dashed lines). 



developed between any two pints in the material. This potential difference 

may be measured by a voltmeter attached to the inner electrodes. This 

arrangement is, in effect, a field application of Ohm's law: 

The current flowing into the formation spreads out vertically and 

horizontally. Hemispherical equipotential surfaces develop if the material is 

homogeneous. The volume of material through which the current passes is 

proportional to the distance between two current electrodes. It indicates 

that the penetration depth of the current is proprtional to the two current 

electrodes distance. Thus, it is possible to measure the resistance of a 

volume of earth proportional to the electrode distance. The potential 

difference measured by the voltmeter between two ptential electrodes is: 

This is the basic equation which gives the resistivity in terms of 

potential difference, current and electrode spacing. Since there is some 

variation in the results as the electrode arrangement is changed, interpreta- 

tion depends upon the electrode array used in the field. A number of 

different configuration of current and potential electrode exists. In all 

arrangements, the electrodes are laid out along a line with the current proks 

generally placed on the outside of the potential probes. In the study, the 

Schlumberger and Wenner method were used. 



The Schlumberger array uses four electrodes. The two poten t ia l  

electrodes are closely spaced and located midway between the two widely spaced 

current  electrodes (Figure 20). The arrangement measures approximately the 

po ten t i a l  gradient a t  the  midpoint of the  spread. The advantages of t h i s  

method is t h a t  only t he  current  electrodes are moved. The poten t ia l  

electrodes remain i n  their  original positions as  long a s  the distance between 

the two inner probes are l ess  than twwtenths the distance between the inner 

and outer probes, For this array, Quation 20 can be rearranged and becomes: 

The measurement (pal produced i n  a survey is known as apparent 

resistivity. It is neither the true res i s t iv iw of the layer nor the average 

r e s i s t i v i t y ,  but is  an ideal ized value which can be used for  survey data 

interpretation. 

The WeMer array uses four electrodes equally spaced along a survey line. 

In  the array, t h e  outer probes serve a s  the  current  e lect rodes  and the  two 

inner probes are potential e lec tres  (Figure 21). From this arrangement, the 

-tian 20 m e s :  

The apparent r e s i s t i v iw  determined from the above equation is assigned 

to  a location midway of the survey spread. 



Figure 20. The Schlumkerger electrode mnfiguration. 
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Figure 21. The Wenner electrode con£ iguration. 
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The e l e c t r i c a l  sounding w i l l  produce d i f f e r e n t  apparent r e s i s t i v i t y  

readings while different subsurf ace conditions exist, me interpretation of 

VES curves is usual ly  made by curve-matching techniques i n  which a set  of 

theore t ica l  curves is used i n  conjunction with t he  f i e l d  data, The 

theore t ica l  curves are computed for a par t icu la r  layering structure.  If  a 

match can be obtained, then t h e  subsurface s t r u c t u r e  is  assumed t o  be 

iden t ica l  w i t h  t h e  t heo re t i ca l  structure. ALthough the  pr inc ip le  of t h i s  

method is straightforward,  it requires a grea t  deal  of p rac t ice  and can be 

frustrating to  the inexperience interpreter. 

The d i r e c t  i n t e rp re t a t i on  of VES curves has  attracted the  a t ten t ion  of 

many researchers f o r  t he  pas t  half century, This method has gained wide 

acceptance since the dwelopnent of computer. A digi ta l  computer can process 

l a rge  numbers of VES curves i n  very shor t  periods of t ime and f i t  them t o  

certain theoretical layering conditians. 

For a hor izontal ly  s t r a t i f i e d ,  l a t e r a l l y  homogeneous, and isotopic  

subsurface layers, the Schlumberger apparent res is t iv i ty  is calculated i n  two 

steps. The f i r s t  s t e p  cons i s t s  of the  computation of t he  t o t a l  kernel 

function T(h, pIr) for an n-layer model: 



where p i  and hi are the res i s i t iv i ty  and thickness of the i t h  layer, and X 

is the integration variable. 

The second step is t o  convolve the inverse f i l t e r  coefficients w i t h  the 

derived t o t a l  kernel function. The convolution i s  made f o r  six apparent 

res is t iv i ty  values per logarithmic cycle. 

R c m m E  FIELD PREEIXTRES 

There a r e  two basic  field procedures used: e l e c t r i c a l  p ro f i l i ng  and 

e l e c t r i c a l  sounding. E lec t r i ca l  p rof i l ing  requires constant  electrode 

separatim throughout the survey. This method is normally applied i n  a area 

where a rapid survey is needed. It is particularly suited for prospecting for 

ore bodies and identifying dipping structures. 

During t h e  p rof i l ing  survey, a su i t ab l e  electrode spacing is chosen. 

Since the depth of current penetration is related t o  the electrode distance, 

the depth of investigation essentially w i l l  be constant for  all stations. A s  

the survey proceeds, the changes i n  subsurface layers above certain depth w i l l  

be re f lec ted  by the  readings. The l a t e r a l  var ia t ions  may be constructed a s  

map which shows a series of e q u i p t w t i a l  lines. 

Electrical sounding is designed t o  provide information on the variation 

in subsurface conditims with depth. Field procedure requires that the center 

of t he  electrode spread remains a t  t h e  same location while the  electrode 

spacing is changed from one reading to  another. The depth of p e t r a t i o n  of 

t h i s  procedure is generally equal t o  the  electrode spacing. This method is 



valuable for detecting the sequence of subsurface layers for placer explora- 

tion. 

Regardless of the types of survey procedures, the  choice of e lect rode 

spacing should be careful for several reasas. Spacing which is too wide w i l l  

make it d i f f icu l t  t o  obtain rel iable f i e ld  curves. Tw small a spacing w i l l  

require unnecessary f ie ld  t i m e .  For shallow placer exploration, the electrode 

spacing can be spared with equal i n t e r v a l s  on a l inear  scale. The l a r g e s t  

electrode separation should be a t  least 3 times the maximum depth of interest. 

The smallest separation should be less than one-half the  minimum depth a t  

which a change i n  material property is expected. 

MI- ANALYSIS 

The computer software mISTIVITYw and an example problem axe listed i n  

w d i x  R The RESISTIVITY was written i n  Microsoft BASIC It consists of 

four subroutines including spacing, kernel, conves, and leas t  square analysis, 

A flow cha r t  of the  program is shown i n  Figure 22. This software was 

programmed only for the Schlumberger sounding survey. It d c u l a t e s  the de@ 

and res is t iv i ty  of a subsurface structure by f i t t i ng  the f ie ld  data to a set 

of theoretical mditions. A theoretical m o d e l  w i t h  the leas t  deviation from 

the observed measurements is selected as the most probable f i e ld  cmdition, 

The stepby-step input and output s t a t e m e n t s  are discussed as follows: 

1. When the program is run, the  f i r s t  message shown on the  monitor and 

printer is : 



START 9 
READ TITLE* rP1 

SURVEY DATA: 

REI I IT IV ITY I I 

4 END OF FILE > 

ITERATION. 

INCREMENTS 

READ DEPTH. 

I DEPTH,RES18TlVIT 

FOR EACH 

* 
COMPUTE 

THICKNESS. 

112 ELECTRODE 

SPACING 

v 

CALCULATE 

LAMDA. Q 
FOR KERNEL 

FUNCTION 

Figure 22. F l m  chart of the RESISTIVITY micr~~~mputer program. 
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FUNCTION w 
TOTAL K I R N I L  

FUNCTION 

I APPARENT I 

DETElMlNl  
LEAlT  

DEVIATION. 
FINAL 

COMPUTE 
DEPTH~FIWALI. 
REl l8 t lV lTV 

(rlnAiL) 

112 SPACINQ, 

REBl8TlVITY 

ElTlYATE 

DEVlATlOW 
FROM 

FIELD DATA 

Figure 22. Flow chart of t h e  RESISTIVITY microcomputer program 
(cont'd) . 



TITLE - 
Type i n  the  t i t l e  of the study. The length of t h e  t i t l e  cannot be more 

than 80 characters. A comma symbol is not acceptable and w i l l  cause a 

Syntax error, 

2. ?he s e d  statement on the screen and printer are: 

INWT APPARENT ~ISLWITY (Ohm-Ft) , V2 EUCEUIDE SPACING (Ft): 
m -1 FOR R E S I r n T Y  AM) SPACIa WEN COMPLm 

3. The next statement requires a set of f ie ld  data be Iypd, and it follows: 

RFSISl!IVITY 1 / 2  SPACING 

Input the  f i e l d  measured apparent r e s i s t i v i t y  and one-half current  

electrode spacing. When a l l  the data are read, type -1 for both readings 

to stop this statement, The maximum nlanbel: of f i e ld  data is limited to  

50. me dimension of t h e  data set can be increased by changing t h e  DIM 

statement i n  the main program. 

4. After the f i e l d  data  a r e  read, the computer w i l l  ask information 

concerning iteration: 

If the answer is YmI the computer will proceed t o  next statement and 10 

iterations w i l l  be mducted for each theo~eeticdl subsurface condition. 

If the answer i s  "NuI the computer w i l l  stop the executioa 

5. The program can handle i t e r a t i o n  w i t h  increasing magnitude (up) or 

iteratim w i t h  decreasing mgnitude (DOWN): 



By typing-in "IXWN", the i terat ion w i l l  be processed downward. 

6, Increments for depth and res is t iv i ty  of the assumed theoretical condition 

will be asked by the following statement: 

IN'TS FOR D m  AND RESISTIVITY: 

The values of the  increments can be posit ive,  negative or  zero. For a 

quick ana lys i s  a larger  increment is suggested t o  cover wider range of 

t h e  subsurface conditions. For example, a value of 0.1 for  t he  depth 

parameter calculates ten subsurface conditions with an increment of OJ 

times of the original depth. Similar process i a  applied t o  the i terat ion 

of the resist ivi ty values. 

7. The following statements require information concerning the theoretical 

layering condition: 

TOTAL, NUMBER OF -ACE LMEEE: 
D m  (Ft) Am R E S I r n T Y  (Ohm-Ft) : 

The values of depth and res is t iv i ty  should be input as many as the number 

of the subsurface layers, Since the  program assumes the  l a s t  layer  

extends i n f in i t e ly ,  therefore, a huge number such as "999999" must be 

used for  the depth t o  the last formation. 

8. Tbe output fran the program are: 



LEAST mARE: luxn OF DEvIA!rI(rJ: ..**. 
AT I!JXRATION 

The f i r s t  table shows thickness, depth and res is t iv i ty  of the subsurface 

structure which has the leas t  deviation from the f i e ld  measurement after 

10 iterations. The second table summarizes the simulated Schlumberger 

sounding data based upon the a d i t i o n  indicated in the f i r s t  table, me 

t h i r d  output ind ica tes  the  deviation from the  t rue  sounding curve. If 

the  deviat ion is large,  the  steps 4 through 8 should be repeated until 

the cadition is accemle, 

W E  STUDIES 

Two sites were selected for  electrical r e s i s t i v i t y  surveys. One 

investigation was conducted a t  the USA CRREL permafrost tunnel where t h e  

geologic setting is known. The other survey was performed along Chatham Creek 

where the  VLF-EM survey was previously performed by one of t h e  f i e ld  

assistants. - 
The gold deposit near the head of Chatham Creek (Figure 231, was 

initially mined i n  1911. Excavation was terminated when the eastern extension 

of the gold-bearing quartz vein was lost. A res is t iv i ty  profiling survey was 

designed t o  provide data on the structural mnfiguration of the deposit and to  

evaluate the performance of the method. 

fiocdl Geology: The geology i n  the Falirbanks Mining dis t r ic t  is composed of 

three distinct terranes. They a r e  t he  Chatanika, Fairbanks and Cleary 





Sequence (Metz, 1982). The southern boundary of the  Chatanika Terrain is 

located near the northern limb of the Cleary Anticline, Rocks i n  t h i s  un i t  

are highly metamorphosed, Minor precious metals occur in this unit. 

The Chatanika te r rane  is unconformably separated from t h e  Fairbanks 

s c h i s t  unit ,  and within t h e  Fairbanks s c h i s t  is the  Cleary Sequence. Both 

units exhibit greenschist grade metamorphism The Cleary S q e n c e  hosts most 

of the precious metal occurrence in the district. It is a f e l s i c  metavolcanic 

package with intercallated metachert and metamorphosed pelitic sediments. The 

Fairbanks sch i s t  is composed of i n t e r ca l l a t ed  metamorphosed p e l i  t ic, 

argillaceous, and arkosic sediments. 

The lode gold and ind i r ec t ly  t h e  placer gold deposi ts  i n  t h e  d i s t r i c t  

were derived from the precious metals deposited i n  the  Cleary Sequence. 

Regional deformation remobilized minetals into shear zones and resulting gold- 

bearing quartz vein. Pedro, Gilmore and possibly Fster mmes are  a result of 

this of intrusive activity. 

A second deformation associated with the stihite deposits, struck in  a 

NE-SW direction. In many locations, it crosscut and offset  the ear l ier  NW-SW 

striking gold deposits. 

Survey Procedures: A g r i d  covering t h e  s i t e  was surveyed with a electric 

r e s i s t i v i t y  unit, Grid s t a t i o n s  were set up on 50 foo t  spacing along l i n e s  

spaced 200 feet apart. A soil test R-60 LC resist ivi ty meter was used. Two 

w r - l a d  p h e r  electrodes were us& as current probes and two porous pots 

were used as poten t ia l  electrodes. Solution of CuSOq was added t o  the  two 

patential electrodes to  prevent polarization effects, Schlurnberger profiling 



survey was canacted i n  the f i d d  w i t h  10 feet of the inner electrode spacing 

and 60 t o  70 fee t  of the potential and current electrode distance. 

Results: Tne profiling data are l i s t ed  i n  Table V. Plots of the res is t iv i ty  

and the VLF data are shown in  Figures 24A through 24E Two sets of anomalies 

with low res is t iv i ty  and high VLF response were detected i n  the survey area. 

The f i r s t  low r e s i s t i v i t y  occurs about 100 f t .  from the  base l ine.  I t  

coincides with t he  known gold-bearing vein. The second anomaly loca tes  

approximately 450 ft, away from the base line. 'Ibis low r e s i s t i v i e  structure 

s t r i k e s  NW-SE, which p a r a l l e l s  t o  t h e  Chathan vein. Compared t o  t h e  VLF 

curve, there is general agreement between the high respse  of VLF and the low 

res is t iv i ty  of the elwtric profiling. - 
The USA CRREl permafrost tunnel was also used t o  evaluate prformance of 

t h e  r e s i s t i v i t y  method. General geology of t h e  area is described i n  t he  

previous chapter, A t  the site, there are three distinct layers: frozen silts, 

gold bearing gravels and the bedrock schist. 

Survey Procedures: The r e s i s t i v i t y  sounding surveys were conducted a t  two 

sites (Figure 25). One track was placed i n  an area ( s i t e  I) where frozen 

silts and gravels were removed by o ld  dredging. Another four l i n e s  were 

placed on top of the  h i l l ,  where t he  permafrost exists .  On si te I, 

Schlumberger and Wemer swnding techniques were applied. The maximum spread 

was about 600 ft .  fo r  the  Schlumberger survey. The po ten t ia l  e lect rode 

separation was maintained a t  10 ft. apart and the current electrode was mwd 

outward with an increment of 15 f t  The electrode spacing for the Wmer 



Table V. -rent resistivity data of profiling survey a t  
the Chatham Creek site.  

Distance £ran *rent Resistivity ( o b f t )  
Track s 2KaGkQ 

9,444 18,604 16,900 

8,927 12 , 841 26,211 



RESI.TIVITI. x lb (OHM-FT) RESISTbVITY. i ld (OHM-FT) REOI@TIYITY. u lb  (OHM-FT) 



Figure 24. Profiling measurments and VLF data of the 
Chatham Creek  site. (D) T r a c k  D,  (E) track E 
(cont'd) . 





survey was maintained a t  a canstant interval of 15 feet. the second site, 

the Schlumberger method was used dlong the four tracks. The inner electrode 

spacing was maintained a t10  ft. throughout the survey. The current electrode 

spacing was increased by 15 feet after each rending. Due t o  t h e  t e r r a i n  of 

the second site, the maximum spread was restr icted to  300 ft, 

Results: Three s t a t i o n s  on s i t e  I were surveyed. The f i e l d  r e s i s t i v i t y  

measurements and one-half the current electrode spacings are  listed in  Tables 

KC and VII, The f i e ld  resist ivi ty curves and the computer simulated vert ical  

electr ic sounding curves are  plotted i n  Figure 26 t o  28. 

Results of t he  computer simulation (Table V I I I )  indicate t h a t  t h r ee  

subsurface layers ex is t  a t  the site, The near-surface layer has res is t iv i ty  

i n  a range of 5000 t o  23000 ohm-ft with t he  thickness of about 2.5 t o  5.5 f t .  

The relatively l o w  resist ivi ty may be caused by the percolatian of melting ice 

on the ground during survey. me semd layer underlying the low res is t iv i ty  

zone has r e s i s t i v i t y  of 150000 t o  225000 ohm-ft. Thickness of the  middle 

layer is about 9 t o  16 f t  The bottom is a layer with very high conductivity. 

Thickness of the third layer cannot be determined because of the relatively 

shor t  survey spread. The high conductivity of t he  bottom layer is probably 

due to  the weathering which altered the schist  and formed a clay zone a t  the 

top of the bedrock. 

Field measurements and the ITS curves of site I1 are  plotted i n  Figures 

29 t o  32 and the  simulated subsurface layer ing s t ruc tures  a r e  tabulated i n  

Wle IX Due to  the restriction of topography a t  site, there were not enough 

data points  t o  i den t i fy  t he  frozen gravel-bedrock contact, however, survey 

r e s u l t s  ind ica te  t h a t  there are two subsurface layers. The top layer  is 



Table VI. Field VES Schlumberger measurements of station At B 
and C a t  site I, USA CRREL permafrost tunnel. 

Station A Station B Station C 
Resistivity Resistivity Resistiviiy -- - 



Table VII. Field Wenner VES measurements of station A 
at site I, USA CRREL permafrost tunnel 



A612 or E (FEET) 

Figure  26. ~ i a g r a m  of theore t ica l  Schlumberger curves and f i e l d  Wenner and 
S c h l h r g e r  sounding measurements a t  s t a t i o n  A on s i t e  I ,  
USA CRREL permafrost tunnel. 







Wle VIII. Results of electric resistivity surveys at 
site I. USA CRREL permafrost tunnel. 

SF; t f t )  - (Qbm-ft) 
Station A: 

5.4 5.4 22,655 

16.2 21.6 226,550 

- - 566 

Station B: 

5.6 

13.4 

Station C: 

2.4 

8.8 

-- 



Table IX. Results of electric resist ivity surveys at 
site 11, USA CRREL permafrost tunnel. 

PEG (ff;r - (&l - ft) 
Station A: 

Station B: 

50 .O 

- 
Station C: 

55.0 

Station D: 

54.0 



0 - 0 FlELD DATA 
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Figure 29. Diagram of theoretical and field Schlumberger VES curves a t  
station A on site 11, USA CRREL permafrost tunnel. 
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Figure 30. Diagram of theoretical and f i e ld  Schlumberger VES curves a t  
station B on  site 11, USA CRREL pe rmf ros t  tunne l .  







composed of a material with resistivity ranging from 33000 to about 39000 ohm- 

f t .  Thickness of the near-surface layer i s  i n  a range of 50 to 60.5 ft. 

Compared with the drilling information at  the site, the resistivity sounding 

technique produced f a i r l y  consistent results .  Underlying the  top uni t  is a 

layer with relatively low resistivity. The apparent resistivity ranges from 

5000 to 9000 ohm-ft. 



Observations from the field surveys show that both seismic refraction and 

e lec t r i c  r e s i s t i v i t y  methods can quickly detect  subsurface structure w i t h  

certain accuracy. Ground condition such as  d is t r ibut ion  of permafrost or 

i r regular i ty  of bedding w i l l  introduce deviation from the true subsurf ace 

configuration. Data interpretation is probably the most important factor  

which influences the success of an exploration. Computer programs, SEISMIC 

and RFSISRVJ[TY, are convenient for processing large amounts of data in a very 

short ~ r i o d  of time so that the prospector may have a t  his disposal a basic 

solutioh The information provided by the computer, however, should not be 

wed without careful cansideration. The computer determines the kst f i t t ing  

model t o  the observed data, b u t  may sometimes overlook a certain layering 

The Willow Creek survey shows that depth t o  the bedrock in the i m m e d i a t e  

area is between 88 t o  134 f t .  and surface of the sch i s t  dips s l ight ly  toward 

south. Drilling i n  the vicinity of the Willow Creek indicates that the depth 

t o  the P r b r i a n  schist is approximately 150 to  160 feet. The discrepancy 

may be due t o  the  i r regular  old river bottom or the existence of frozen 

ground, The velocity difference between frozen sand and gravels and frozen 

schist bedrock is not large. Frozen sands and gravels have velocity ranging 

from about 10000 t o  12000 ft/sec. The seismic velocity of the bedrock is 

amroximately 14000 to  15000 f t / sec  Such a small variatim made it difficult  

to  determine the depth of the true gravel-bedrock contact. 

An investigation performed on an unfrozen s i t e  during the USA CRREL 

tunnel survey revealed much clear information. The velocity of the top  



unconsolidated gravel ranges from 2400 to  2600 f Vsec and is 7000 ft/sec for 

the weathered schist, The large difference showed a sharp break on the t i m e  

distance diagram. Compared with the geological data collected & the previous 

study i n  this area, the seismic sunrey produced very consistent depth informa- 

tion. The bedrock depth estimated from the survey is about 30 feet and t h e  

depth from the  geological  study is about 26 f e e t  plus. Schlumberger and 

Wenner methods were t e s t e d  and data showed that both arrays generated very 

s i m i l a r  results. 

Vert ical  sounding and p ro f i l i ng  techniques were a l s o  ca r r i ed  out fo r  

different purposes. Schlumberger profiling technique was used t o  detect the 

distribution of a possible gold-karing quartz vein along the Chatham Creek. 

Survey with AB/2 d i s t a n c e  of 60 t o  70 feet  and B spac ing  of 1 0  ft. 

successfully identified a known vein deposit and an additional potential vein, 

Resistivity data also shows a similar pattern which was previously detectd by 

VLE' method. 

schlumberger vert ical  sounding technique was used during the USA 

tunnel survey. Data indicates that depth t o  the bedrock at  site I ranges from 

11 to 22 ft. The measuremmt is smaller than the true geologic setting i n  the 

area. This  is probably due t o  the in terpreta t ion process. The RESISTIVITY 

program simulates a vert ical  sounding curve based upon the theoretical sub- 

surf ace configuration, Three parameters, number of layers ,  depth and 

resistivity, must lx defined before the computation begins. Any combination 

of these three parameters with the leas t  deviation frm the f ie ld  data during 

an attempt will be selected. Nevertheless, this best f i t t i n g  model may not 

truly represent the f i e ld  layering arrangement. By changing the theoretical 

subsurface configuration such as subdividing one layer into several sublayers, 



the best f i t t i n g  model w i l l  be changed accordingly. Therefore, direct 

in t e rp re t a t i on  of t h e v e r t i c a l  r e s i s t i v i t y  sounding data should be made i n  

con junction with other information. 

Vertical r e s i s t i v i q  sounding was also conducted a t  site 11. Four tracks 

were investigated and data indicate that the depth to the second layer ranges 

from 50 to 61 ft. This measurement is very consistent to  the dri l l ing data. 

From this performance evaluation study the advantages and disadvantages 

of the both geophysical exploration methods are summarized as follows: 

1. The seismic refraction prwes i t se l f  a good method for determining 

the depth of gold deposit in  permafrost free area. Survey conducted 

i n  frozen ground may not be able t o  accurately detect  the gravel- 

bedrock contact because of the small variation between the gravel 

and bedrock velocity. 

2. The SEISMIC computer program processes data without relying on any 

preassumed condit ia Prospectors with l i t t l e  exprience can easily 

interpret the field data and obtain the summarized results. 

3. The Schlumberger array and Wenner arrangement produce ve ry  

consistent results. In the f i e ld  Schlumberger method seems easier 

to use because only the current electrodes are moved. 

4. The profiling technique can successfully obtain subsurface geology 

of an area where the  horizontal  var ia t ion is large. Gold-bearing 

quartz vein deposit are  htected using this method. 

5. The vertical res is t iv i ty  sounding technique produces r e s u l t s  with 

some deviation. Ibe limitations of the sounding method primarily 

l ie  in  the limited accuracy of computing vertical electric soun&.ng 



curves by convolution and using Ghosh's inverse f i l ter  coefficients 

and the predefined layering information, 

6. The RESISTIVITY program processes ten sounding curves covering three 

logarithmic cycles i n  about 2 minutes on a microcomputer, This  

makes the method very suitable for the processing of large numbers 

of field data. Due to the l imited accuracy of the theory used, the 

r e s i s t i v i t y  method should be used i n  conjunction with other 

in£omatian. 
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APPRmxA 

SEISMIC program and the exmnple problem 



1000 REM +++*ww*+*+****w*+*+************************** 
1010 REN *** QICW 

1020 REM **+ SEISMIC REFRACTION INTERPRETATION *** 
1030 REM *** #** 
1040 REH **+ PROGRAMMED BY SCOTT L. HUANG 7/10/93 *** 
1030 REM +*+ *+9 

1060 REM so* THE SEISMIC PROGRAM CAN CALCULATE THE **+ 
1070 REM +++ WAVE VELOCITY, THICKNESS, DIP ANGLE *** 
1080 REM *** AND DEPTH OF THE REFRACTOR. THE SUB- *** 
1090 REM **+ SURFACE STRUCTURE CAN BE ESTIMATED, *** 
1100 REM **+ HOWEVER, THE ACCURACY IS DEPENDENT ON *++ 
1110 REM **+ THE ASSUMPTION MADE. MAXIMUM DATh +** 
1120 REM +w* POINT FOR THE PROGRAM IS 50 SETS FOR +*+ 
1130 REM **+ EACH DIRECTION OF SHOOTING. TOPOGRA- *** 
1140 REM *** PHIC CORRECTION CAN BE APPLIED. *.w* 
1150 REM w+++*w*++*****ww*w++*w*+**********w********** 
1160 PRINT TAB(27);M+**+***********w****W*****11 
1170 PRINT TAE(27);I1* w 
1180 PRINT TAB(27);"* SEISMIC REFRACTION *" 
1190 PRINT TAB(27); "+ * 
1200 PRINT TA8(27);"*+*****+++++*****w*~*~*~+** '~  
1210 LPRINT TAE(27) $"******+++**********w+*****~~ 
1220 LPRINT TAB(27);"+ *Ir 
1230 LPRINT TAB(27);"+ SEISMIC REFRACTION +" 
1240 LPRINT TAB(27);"+ w 
1250 LPRINT TAB(~~)S"******+*+*+******+********~I 
1260 PRINTPPRINT:LPRINT:LPRINT 
1270 INPUT "TITLE OF THE PROBLEM: "$TIT$ 
1280 LPRINT "PROBLEM -- " ; T I T S  
1290 DIM X ( 2 , 5 0 )  , Y  (2,50) ,TX (SO) ,TY (50) 
1300 DIM SY (2 ,50 )  ,SX(2,50)  ,SYM*(bb) ,X1$(21) 
1310 DIM XD(2,lO) 9A(2q 10) ,B(2, 10) , V ( 2 ,  10) ,R!2,10) , M ( 2 )  
1320 DIM HS(2,50) ,THK(10) ,Vh( 10) , INC(l0) ,DIP(lO) 
1330 DIM APH(10,10),BEf(10,1(3) ,GAM(l0,1O),nEL(10,10) 
1340 DIM 21 (10,lO) ,Z2(10,10) ,Hl(lO) ,H2(10) 
1350 PRINT "REVERSE SHOOTING (Y/N) ";: INPUT " ";RSO 
1360 IF RS$="YW THEN RX=2 ELSE RX=1 
1370 REM **+***++*+w+*w+**+******* 
1380 REM *** ENTER SURVEY DATA *w* 
1390 REM **++*++*********+*w++**w*** 
1400 FOR J=1 TO RX 
1410 I=i 
1420 PRINT: PRINT: PRINT: 
1430 PRINTrLPR1NT:LPRINT 
1440 IF J=l THEN PRINT "+** FORWARD SHOOTING ***" 
1450 IF J-1 THEN LPRINT TAB(lO);"*** FORWARD SHOOTINO ***":LPRINT:LPRINT 
1460 IF J=2 THEN PRINT "*** REVERSE SHOOTING ***" 
1470 IF J=2 THEN LPRINT TAB(lO);"**+ REVERSE SHOOTING ***":LPRINTJLPRINT 
1480 PRINT "INPUT -1 FOR TIME AND -1 FOR DISTANCE WHEN COMPLETE" 
1490 LPRINT "INPUT -1 FOR TIME AND -1 FOR DISTANCE WHEN COMPLETE" 
1900 PR1NT:LPRINTrPRINT:LPRINT 
1510 PRINT TAB(15); "TIME (mS~c)";fAB(35) ; "DISTANCE (F t )  " 
1520 LPRINT TAB(lS)?"TIME (mSec)";TAB(35);"DISTANCE ( F t ) "  
1530 INPUT Y(J,I),X(J,I) 
1540 IF Y ( J , I )  10 THEN 1400 
1550 PRINT TAE(17);USINQ"##++.##11;Y(J,I); 
1560 PRINT TAB(38);USIN0*1##0#.##1';X(J,f) 



1570 LPRINT T A B ( 1 7 ) ; U S I N G " # # # # . # Y ' 1 ; Y ( J , I ) ;  
1580 LPRXNT TAB(38) ;USING"####.#Y8' ;X (J,I) 
1590 I = I + l r  GOTO 1530 
1bOO M ( J ) = I - 1  
1blO NEXT J 
1620 PRINT:PRINTILPRINT:LPR~NT;PRINT TAB(30);"TIME-DIST4NCE DIAGRAM" 
lb30 LPRINT TAB(3O);"fIME-DISTANCE DIAGRAM" 
1640 FPLt="NW 
1bJO FOR J=l TO RX 
1660 FOR I=1 TO M(J) 
1670 Y(J,I)=Y(J,I)/lOOO 
lbS0 SV(J,I)=Y(J,I): SX(J,I)=X(J,I) 
1690 NEXT I 
1700 NEXT J 
1710 REM ********+++*+++++++** 
1720 REM +** COMPUTER PLOT +** 
1730 REM ww***+***+w++*w****** 
1740 ANA-0 
1750 REM 
1760 REM *++ FIND MAXIMUM X fiND Y +** 
1770 REM 
1780 XRAX=Or YNAX=O 
1790 FOR J=1 TO RX 
1800 FOR I=1 TO M ( J )  
1610 I F  X ( J , I )  > XMAX THEN XMAX=X (J, I) 
1820 IF Y(J.1) > YMAX THEN YMQX=Y(J,I) 
1850 NEXT I 
1840 NEXT J 
1850 REM 
1860 REM *** PLOT X- AND Y-AXIS *** 
1870 REM 
1880 PRINT CHRS(7): PRINT CHRS(26)  
1890 FOR J=1 TO 20 
1900 YPOG=J 
1910 PRINT CHRS(27)"="CHRS(YPOS+32)CHR$(8f32)gt I1"  
1920 PRINT CHR*(T7)"="CHRS(YPOS+32)CHRS(73+32); t ' l"  
1930 NEXT J 
1940 FOR K=9 TO 73 
1950 YPOSa212 XPOS=K 
1960 PRINT CHR%(27)"="CHRS(YPOS+32)CHR%(XPOS+32); '@-"; 
1970 NEXT K 
1980 REM 
1990 REM *** LABEL AND TIC MARK +** 
2000 REM 
2010 FOR K t 1 3  TO 73 STEP S 
2020 YWS=21: XPOS=K 
2030 PRINT CHR%(27)"="CHR%(YPOS+32)CHRS(XPOSf.32) jtl+''; 
2040 NEXT K 
2050 1=0 
2060 FOR J=1 TO 21 STEP S 
2070 YPOS=Jt XPOS=B 
2080 YX=YMAX+(l-1/41 
2090 YX~lOOO*YX 
2100 PRINT CHRS (27) "="CHR$ (YPOS432) CHR* (8+32) j 'I+" 
2110 PRINT CHR%(27)"="CHRt(YPOS+32)CHRS(73+32); I *+1t  
2120 PRINT CHR%(27)"="CHR%(J+32)CHRS(2+32) ;US1NG1'###.#":YX 
2130 I=I+l 



2110 NEXT J 
2150 1x0 
ZJb0 FOR K = 9  TO 75 STEP 10 
2170 XPOS=K-4 
2180 XY=XMAX+(2+1/13) 
2190 PRINT CHRS ( 2 7 )  "="CHR0 (22+32) CHRS (XP05+32) ; USTNB''####. #" ; XY; 
2200 I=I+l 
2210 NEXT K 
2220 PRINT CHRS(10) 
2230 IF RSS="Y" THEN 2240 ELSE 2310 
2240 1=0 
2250 FOR K=9 TO 73 STEP 10 
2260 XPQS=79-K 
2270 XY=XMAX*(2*1/13) 
2280 PRINT C H R S ( ~ ~ ) ~ = " C H R ~ ( ~ ~ + ~ ~ ) C H R S ( X P O S + ~ ~ ) ' ; U S I N G " # # # # . # ' * ; X Y ;  
2290 T=f + l  
2300 NEXT K 
2310 REH 
2320 REM *** X- AND Y-AXIS NOTES +** 
2330 REM 
2340 PRINT CHRI(S0) 
2350 PRINT CHRS (27 "="CHR0 (26+32) CHRS ( 34+32 ; I ' D  I STANCE (F t  ) " 
2360 X$(1)=48T'1~ XS (2)=**11*: XS(3)="M8': X+(4)=11E'': X t  (S)=' '  I*: X$(6)='*," 
2370 X+(7)="rnwr X I  (Q)="S4': X S ( 9 )  =**el': X *  ( IU)= ' *c ' '  
2380 FOR L=1 TO 10 
2390 YPOS=L+S 
2400 PRINT CHRt(27)"="CHRI(YPQS+32)CHR%(O+32);X*(L) 
2410 NEXT L 
2420 REM 
2430 REM ++* GENERATE GRAPHICeL DISPLAY +*+ 
2440 REM 
2450 FOR I=i TO M(i) 
2460 XPOS=B+INT(bS*X(l,I)/XMAX) 
2470 YPOSnINT(20*(1-Y(l,I)/YMAX)) 
2480 PRINT CHR*(27)"="CHR3(YPOSf32)CHRf(XPOS+32);"*u 
2490 NEXT I 
2500 IF RSC="Y" THEN 2520 ELSE 2600 
2510 FOR I=l TO M(2) 
2520 XPOS~~+INT(65*(l-X(2,I)/XH~X~) 
2930 YPOSxINT(20*(1-Y (2.1) IYMAX)) 
2540 PRINT CHR*(~~)"="CHRI(YPOS+~~)CHR*(XPQS+~~):"O" 
2550 NEXT I 
2560 REM 
2570 REM *** HARDCOPY GRAPHIC DISPLAY *** 
2590 REH 
2590 LPRINf r LPRINT 
2600 FOR I=1 TO RX 
2610 NNmNl1)-1 
2620 FOR J=1 TO NN 
2630 LLl=J: LLZ=J+l 
2640 FOR X3=LI-2 TO M ( 1 )  
2650 IF SY(1,LLl) > SY(1,13) GOT0 2670 
2660 LLl=I3 
2670 NEXT I3 
2680 CHV=SY(I,LLl): CHX=SX(I,LL1) 
2690 SY(I,LLl)=SY(I,J): SX(I,LLl)=SX(I,J) 
2700 SV(T,J)=CHV: SX(I,J)=CHX 



2710 NEXT J 
2720 NEXT I 
2730 FOR 111 TO 21 
2740 Xl$(l)=" " 
2750 NEXT I 
2760 FOR J=6 TO 15 
2770 Xl*(J)=XS(J-3) 
2780 NEXT J 
2790 C01=0 
2800 FOR CL=1 TO 21 
2810 FOR RK=l TO 66 
2820 SYMO (RK) =" " 
2830 NEXT RK 
2840 FOR 1=1 TO M(1) 
2850 YP=t+INT(ZO*(1-SY(l,I)/YMAX)) 
2860 IF YP=CL THEN XP=l+INT(64*SX(I,I)/XWAX): SYM7(XP)="*" 
2870 NEXT I 
2880 IF RSS="YU THEN 2890 ELSE 2930 
2890 FOR 1=1 TO M(2) 
2900 YP=i+INT(20*(1-SY(2,I)/YMAX)) 
2910 IF YP=CL THEN XP=Z!+INT(64*(1-SX(2, I ) /XMAX)) :  SYM*(XP)="ol' 
2920 NEXT I 
2930 IF ((CL=i)OR(CL=6)OR(CL=il)OR(CL=16)) THEN 2940 ELSE 3020 
2940 SYM$( 1) ="+": SYM0 (66) ="*" 
2950 YXl=YMAX+(l-C01/4)*1000 
2960 LPRINT TAB(1);Xl$(CL);TAB(3);USING"###~#'1;YX1; 
2970 FOR RK=l TO 66 
2980 LPRINT TAB(8+RK);SYM%(RK); 
2990 NEXT RK 
3000 COl=CO1+1 
3010 GOT0 3220 
3020 IF CL=21 GOTO 3090 
3030 SVM%(l)='61"x SYMS(66)="1" 
3040 LPRfNf TAB(i);XlS(CL); 
3050 FOR RK=l TO 66 
3060 LPRINT TAE(B+RK);SVMS(RK); 
3070 NEXT RK 
3090 GOTO 3220 
3090 FOR RK=l TO 66 
3100 SVMS (RK) ="-I6 
3110 NEXT RK 
3120 FOR RK2=0 TO 13 
3130 SYMS(S*RK2+1)="+" 
3140 IF Js2 THEN PR1NT:PRINT "-- REVERSE SHOOTING --" :PRINT 
3150 IF J=2 THEN LPRINfrLPRINT "-- REVERSEA SHOOTING --" :LPRINT 
3160 NEXT RK2 
3170 YXl30 
3180 LPRINT TAB(1) ;Xl*(CL) ;TAE(3) ;USINOL'###.#I1;YX1; 
3190 FOR RK=l TO 66 
3200 LPRINT TAB(8+RK);SYMS(RK); 
3210 NEXT RK 
3220 NEXT CL 
3230 LPRINTa II=O 
3240 FOR RK3=l TO 13 STEP 2 
3250 XY~XMAX*(2+11/13) 
3260 LPRINT TAB(6+1U+II);USING"W###.#";XY; 
3270 Il=II+l: NEXT RK3 



3280 IF RSS="Y8' THEN 3290 ELSE 3340 
3290 KK=6a I I =O 
3300 FOR RK3=1 TO 13 STEP 2 
3310 XY=XMAX+(2*KK/l3) 
3320 LPRINT TAB(ll+lO+II) XY; 
3330 KK=KK-it II=II+lr NEXT RK3 
3340 LPRINTr LPRINT TAB(S4);"DISTfiNCE ( F t ) "  
3350 IF FPLS="YW THEN 4180 
3360 NANSO 
3370 REM ***++***+***+************** 
3380 REM *** REGRESSION ANALYSIS *** 
3390 REM *++**+**++**+**+*****+***** 
3400 REM 
3410 REM *** SELECT CROSS-OVER DISTANCE *** 
3420 REM 
3430 ANA=ANA+1 
3440 PRINT CHR%(27)"="CHRt(27+32)CHRO(2+32);" " 
3450 PRINT: PRINT: PRINT TAB(I0);"REGRESSION ANALYSIS -- TRIaL # ";ANA 
3460 LPRINT: LPRINTt LPRINT TAB(10);"REGRESSION ANfiLYSIS -- TRIAL # ";ANA 
3470 PRINT "TYPE-IN 2b  TO CLEAR THE SCREEN";: INPUT " " ; W  
3480 PRINT CHRS(W) 
3490 PRINT "ESTIMATE IST, 2ND, ...., lUTH CROSS-OVER DISTANCE" 
3500 LPRINT "ESTIMATE lST, 2ND, ...., lOTH CROSS-OVER DISTANCE" 
3510 PRINT "COMPLETE FORWARD SHOOTING FIRST" 
3520 LPRINT "COMPLETE FORWARD SHOOTING FIRST" 
3530 PRINT "THEN REVERSE SHOOTING IF AVAILABLE" 
3940 LPRINT "THEN REVERSE SHOOTING IF AVAILABLE" 
3550 PR1NT:PRINT:LPRINT:LPRINT 
3560 PRINT "INPUT THE MAXIMUM DISTANCE WHEN FINISH": PRINT 
3570 LFRINT "INPUT THE MfiXIMUM DISTANCE WHEN FINISH": LPRINT 
3580 FOR J=1 TO RX 
3990 IF J = i  THEN PRINT "INPUT CROSS-OVER DISTANCE FOR FORWARD SHOOTING" 
3h00 IF Jal THEN LPRINT "INPUT CROSS-OVER DISTANCE FOR FORWARD SHOOTING" 
3610 IF J = 2  THEN PRINTtLPRINT 
3620 IF J=2 THEN PRINT "INPUT CROSS-OVER DISTANCE FOR REVERSE SHOOTING" 
3630 IF 5-2 THEN LPRINT "INPUT CROSS-OVER DISTaNCE FOR REVERSE SHOOTING" 
3640 PR1NT:LPRINT 
3650 In1 
3h60 PRINT "CROSS-OVER DISTANCE # " ; I s :  INPUT " ";XD(J,I) 
3670 LPRINT "CROSS-OVER DISTANCE # " ~ 1 ; "  ";XD(J,I);" ( F t ) "  
3680 IF XD(J,I) >= XMAX OOTO 3700 
3690 I=I+lr GOT0 3660 
3700 NEXT J 
3710 KC=I 
3720 FOR J=i TO RX 
3730 PRINT: LPRINT 
3740 IF 3=1 THEN PRINT "*** FORWARD SHOOTING *+*" 
3750 IF J = 2  THEN PRINT "++* REVERSE SHOOTING +*+" 
3760 IF J-1 THEN LPRINT "*** FORWARD SHOQTXNG +*+" 
3770 IF J=2 THEN LPRINT "+** REVERSE SHOOTING w*w"  
3780 11-1 
3790 FOR K4=l TO KC 
3800 PRINT: PRINT 
3810 12=1: K1=11 
3820 FOR K5Kl TO M ( J )  
3830 IF X(J,Kl <= XD(J,K4) THEN 3840 ELSE 3870. 
3840 TX(I2)=X(J,K) I TY(I2)=Y(J,K) 



3850 Il=Il+l: f2=12+1 
3860 NEXT K 
3870 12aI2-1 
3880 GOSUR 5210 
3890 NEXT K4 
3900 NEXT J 
3910 KKK=O 
3920 FOR J=i TO RX 
3930 IF Ja1 THEN PR1NT:PRINT "-- FORWflRD SHOOTING --":PRINT 
3940 IF J=1 THEN LPRINTtLPRINT "-- FORWARD SHOOTING --"nLPRINT 
3950 FOR K4=1 TO KC-1 
3960 IF V(J,K4) > V(J,K4+1) THEN 3970 ELSE 4040 
3970 PRINT "LOW VELOCITY ZONE AT ";K4+1;" LAYER --- TRY REGRESSION AGAIN" 
3980 PRINT "TREAT LAYERS ";K4tM AND ";K4+1;" A& A SINQLE FORMATION " 
399Q PRINT "IF THE VELOCITY DIFFERENCE IS SMALL" 
4000 LPRINT "LOW VELOCITY ZONE AT ";K4+1;" LAYER --- TRY REGRESSION AGAIN" 
4010 LPRINT "TREAT LAYERS ";K4;" AND ";K4+1;" AS A SINGLE FORMATION I' 
4020 LPRINT "IF THE VELOCITY DIFFERENCE IS SMALL" 
4030 KKK=KKK+t 
4040 NEXT K4: NEXT J 
4050 IF KKK >= 1 THEN ANAmO: GOTO lBSO 
4060 PRINTzPRINT "TRY REGRESSION A G A I N  (Y/N) ";: INPUT " ";TRS:PRINT 
4070 LPR1NT:LPRINT "TRY REGRESSION AGAIN IY/N)? ";TR$:LPRINT 
4080 IF TRS="YW GOT0 1850 
4090 PRINT 
4100 PRINT "ELEVaTION CORRECTION (Y/N) 'I;$ INPUT " ";BNOtPRINT 
4110 LPRINT "ELEVATION CORRECTION (Y/N)? ";ANS:LPRINT 
4120 IF ANI="YN THEN GOSUB 5640 ELSE 4140 
4130 GOT0 1710 
4140 FRINT 
4150 PRINT "REGRESSION LINE PLOT (Y/N) ";: INPUT " ";FPLS:PRINT 
4160 LPRINT "REGRESSION LINE PLOT ( Y / N ) ?  ";FFLSaLPRINT 
4170 I F  FPL%="YM GOT0 1710 
4180 REM 
4190 REM *** CROSS-OVER DISTANCE DETERMINATION **+ 
4200 REM 
4210 FOR J=l TO RX 
4220 FOR f=l TO KC-1 
4230 IF ABS(A(J,I)-AIJII+l)) <~.0001 THEN 4250 ELSE 4240 
4240 X D ( J , I ) = ( B ( J , I + l ) - B ( J , I ) ) / ( A ( J , I ) - A J I + l ) )  
4250 NEXT I 
4240 NEXT J 
4270 IF FPLO="NM GOT0 4450 
4280 REM +***+w*+*+*+**w***w*****w*** 
4290 REM *+* PLOT REGRESSION LINE *** 
4300 REM ***+ww+**+w**++**++*w****.*+* 
4310 FOR J=i TO RX 
4320 I7=1 
4330 FOR K3=1 TO KC 
4340 IND=XD(J,K3)/XMAX*hS 
4350 FOR 1x17 TO IND 
4360 XZ!=I/IND*XD(J,KJ) 
4370 I F  J=l THEN XPOS=I+B ELSE XPOSm74-I 
4380 Y2*X2*&(J,K3)+E(J,K3) 
4390 YPOS=l+INT(l9w(l-Y2/(YW(5X*lOQO))) 
4400 PRINT CHRt(27)"="CHRS(YPOS+32)CHR*(XPO3+32);"-" 
4410 NEXT I 



4420 17-INT (IND) +1 
4430 NEXT K3 
4440 NEXT J 
4450 REM 
4460 REM *** PRINT CROSS-OVER DISTANCE *** 
4470 REM 
4480 PRINT CHR%(27)"="CHR0(25+32)CHRS(2+32) 
4490 PRINT: PRINT8 LPRINTr LPRINT 
4500 PRINT TAB(1O);"CROSS-OVER DISTANCE DETERMIN~TI0N":PRINT:PRINf 
4510 LPRINT ThB(1O);"CRDSS-OVER DISTANCE DETERMINAT1ON":LPRINT:LPRINT 
4520 PRINT "*** FORWdRD SHOOTING +*em: PRINT 
4530 LPRINT "www FORWARD SHOOTING ++*"I LPRINT 
4540 FOR J=1 TO RX 
4550 IF J=2 THEN PRINT "+** REVERSE SHOOTING ***": PRINT 
4560 IF 5 3 2  THEN LPRINT "++* REVERSE SHOOTINO ***": LPRINT 
4570 FOR I l l  TO KC-1 
4580 ZTT(J,I)=O: THDX(J,I)=O 
4590 IF ABS(A(J,I)-A(J,I+l)) <=.0001 THEN 4660 ELSE 4600 
4600 PRINT "NO # ";I;" CROSS-OVER DISTANCE (Ft) = ";XD(J,I): PRINT 
4610 LPRINT "NO # ";I;" CROSS-OVER DISTANCE ( F t )  = ";XD(J,I): L?RINT 
4620 GOT0 4800 
4630 REM 
4640 REM *** CALCULATION OF UP OR DOWN THROk *** 
4650 REM 
4660 THDX(J,I)=I 
4670 TDXF*B(J,I)-B(J,I+l) 
4680 VfiD=V(J,I)+V(J,I-1) 
4690 VMN=V(J,II-V(J,I-1) 
4700 ZT=TDIF*SQR(V,qD/VMN)*V(J,I-1)/1000 
4710 ZTT(J,I)=ABS(ZT) 
4720 PRiNT "P08STBLE STRUCTURE WOUND ";XD(J,I);" Ft FROM STARTINO POINT" 
4730 LPRfNf "POSSIBLE STRUCTURE AROUND ";XD(J,I);" Ft FROM STARTING POINT" 
4740 IF ZT < 0 THEN 4750 ELSE 4780 
4750 PRINT "fiMOUNT OF DOWN THROW IS ";ABS(ZT);" Ft" :  PRINT 
4760 LPRINT "AMOUNT OF DOWN THROW IS ";QES(ZT)g" Ft" :  LPRINT 
4770 GOT0 4800 
4780 PRINT "AMOUNT OF UP THROW IS ";ABS(ZT)qU Ft":  PRINT 
4790 LPRINT "AMOUNT OF UP THROW IS ";ABS(ZT);" Ft": LPRINT 
4800 NEXT I 
4810 NEXT J 
4820 REM +*****+******+**+*w+ww**w*** 
4830 REH *** THICKNESS ESTIMATION *+* 
4840 REM +*********+**+**++***+* 
4850 IF RSS="Y1 THEN 5190 ELSE 4860 
4860 PRINT: PRINT TAB(lO);"*** SUWWfiRIZED INFORMATION *+*" 
4870 LPRINfr LPRINT TAB(lO);"*** SUMMARIZED INFORMATION *+*" 
4880 THK (0  -0 a SUMD=O 
4890 FOR 1-1 TO KC-1 
4900 SUM-0: La1 
4910 PRINT8 PRINT "LAVER # ":I;: PRINT 
4920 LPRINT: LPRINT "LAYER # ": I ; J  LPRINT 
4930 IF THDX(l,I)=I THEN 5120 ELSE 4940 
4940 FOR J=l TO I 
4950 SUMlaV(l,I+1)"2-V(l,I-L)h= 
4960 SUMl=SQR(SUMl) 
4970 IF V(1,I-L)=O THEN V(1,I-L)=1 
4900 CAL~(2+THK(I-L)+SUMl)/(V(1,I+l)~V(l,I-L)) 



4990 SUM=SUM+CAL 
5000 L=L-1 
9010 NEXT J 
5020 R T = V ( l , I + 1 ) * ~ 2 - V ( 1 , I ) ' " 2  
5030 T H K ( I ) = . S * ( B ( ~ , I + ~ ) / ~ O O O - S U M ~ * ~ V ~ ~ , I + ~ ) * V ~ ~ , I ~ ~ / S ~ R ~ R T ~  
5040 PRINT "VELOCITY (Ft/Sec) = ";V(l,I) 
5050 SUMD=SUMD+THK(I) 
5060 SUMD=SUMD+fTT(l,I) 
5070 PRINT "THICKNESS OF BED (F t )  = ";THK(I) 
5080 PRINT "DEPTH OF BED ( F t )  = ";SUPID 
5090 LPRINT "VELOCITY (Ft/Sec) = ";V(l,I) 
5100 LPRINT "THICKNESS OF BED (Ft) = ";THK(I) 
5110 LPRINT "DEPTH OF BED ( F t )  = ";SUMD: GOT0 5140 
5120 PRINT "VELOCITY (Ft/Sec) = ";V(l,I): PRINT "THROW (Ft) = ";ZTT(l,I) 
5130 LPRINT "VELOCITY (Ft/Sec) = ";V(l,I): LPRINT "THROW (Ft) =";ZTT(l,X) 
5140 NEXT I 
3150 KKKlsTHDX(1,I-1)+1: I F  KC=KKKi THEN 5200 ELSE 5160 
3160 LPR1NT:LPRINT "LAYER # ";KC:LVRINT "VELOCITY (Ft/Sec) = ";V(l,KC) 
9170 PR1NT:PRINT "LAYER # ":KCzFRINT "VELOCITY (Ft /Sec)  = ";V(l,KC) 
5190 GOT0 5200 
5190 GOSUB 6090 
5200 END 
C M  ~ ~ 1 0  REM *********++++**ww****+***W*+******** 
5220 REM *** LINEAR REGRESSION SUBROUTINE *** 
5230 REM ***w++++*w*w+w+*+*****u*w*********+* 
5240 Ci=O: C2=0: D1=0: D2-0: D3=0 
5250 S1=92=S3=0 
5260 FOR 1x1 TO I2 
5270 Cl=Cl+TX ( I ) : C2=C2+TX ( I ) "2 
5280 Dl=Di+TY(I): D2=D2+TX(I)+TY(I): D3=D3+fY(I)"2 
5290 NEXT I 
5300 REM 
5310 REM *** SOLVE FOR UNKNOWN CONSTANTS *** 
5320 REM 
5330 A(J,K4)=(12*D2-C1*D1)/(12*C2-C1*2) 
5340 E(J,K4)=(Dl-Cl*A(J,K4) )/I2 
5350 A(J,K4)=A(J,K4)*1000: B(J9K4)=B(J,K4)*1000 
5360 REM 
5370 REM *** PRINT FINAL REGRESSION EQUATION *** 
5380 REM 
5390 PRINT 
5400 LPRINfl LPRfNT 
5410 LPRINT "REGRESSION EQUATION FOR # ";K4;" LAYER ( Y  IN mSec & X IN F t ) "  
5420 PRINT "REGRESSION EQUATION FOR # ";K4jM LAYER (Y IN mSec f X IN Ft)" 
5430 IF B(J,K4) $10 THEN LPRINT "Y = ";A(J,K4);" * X + ";B(J,K4)x GOT0 5440 
5440 IF B(J,K4) >=0 THEN PRINT "Y ";A(J,K4);" * X + ";B(J,K4): GOT0 5480 
5450 LPRINT "Y = ";A(J,K4);" + X - ";ABS(B(J,K4)) 
5460 PRINT "Y = ";A(J,K4);" * X - ";ABS(B(J,K4)) 
5470 REM 
5480 REM *** SOLVE FOR CORRELATION COEFFICIENT *+* 
5490 REM 
5500 Sl=12*C2-C1*2: S2=12*R3-Dl-2: S3=12+D2-Ci+Dl 
5510 R(J,K4)=S3/SQR(Sl+S2) 
5520 IF ABS(l-R(J,K4)) <=.0001 THEN R(J,K4)=1 
5530 PRINT "CORRELATION COEFFICIENT IS ";R(J,K4) 
5540 LPRINT "CORRELATION COEFFICIENT IS ";R(J,K4) 
9550 REH 



5560 REH *** ESTIMATE VELOCITY +** 
5570 REM 
5580 IF ABS(A(J,K4)) <=.0001 THEN PRINT "NO ANSWER FOR VEL0CITY"a GOT0 5620 
5590 V(J1K4)=i0O0/A(J,K4) 
Sb00 PRINT "VELOCITY (Ft/Sec) = ";V(J,K4) 
3610 LPRINT "VELOCITY (Ft/Sec) = " ; V ( J , K 4 )  
3620 RETURN 
5630 REM +++++**++++*++++++*******#************+ 
5440 REM *** ELEVATIDN CORRECTION SUBROUTINE *** 
5&50 REM w++++++++**++++w+*************+*+Y***+* 

5660 PRINT 
5470 PRINT "SELECT DATUM PLANE ELEVATION ( F t ) :  ";: INPUT DAT 
5660 LPRINT "SELECT DATUM PLANE ELEVATION ( F t ) :  ";OAT 
5690 FOR J=1 TO RX 
5700 IF J=l THEN PR1NT:PRINT TAB(1O);"FORWARD~SHOOTING" 
5710 IF J=i THEN LPRINfzLPRINT TAB(lO)1"FORWARD SHOOTING1' 
5720 IF 5=2 THEN PRINTtPRINT "REVERSE SHOOTING" 
5730 IF J=2 THEN LPR1NT:LPRINT "REVERSE SHOOTING" 
5740 PRINTS PRINT "ENERGY SOURCE ELEVATION (Ft) ";: INPUT GS 
9750 LPRINT: LPRINT "ENEROY SOURCE ELEVATION (F t )  ";GS 
5760 PRINT: PRINT "INPUT GEOPHONE ELEVRTION (F t )  FOR " 
5770 LPRINTl LPRINT "INPUT GEOPHONE ELEVATION (Ft) FOR " 
5780 PRINT '"TOPOGRAPHIC CORRECTION " 
3790 LPRINT "TOPOGRAPHIC CORRECTION " 
5800 FOR 1-1 TO M(J) 
5810 PRINT "GEOPHONE STATION3 " ; I  INPUT HS(J,I) 
5820 LPRINT "GEOPHONE STATION: ";HS(J,I) 
5830 NEXT I 
5840 PRINT:PRINT:PRINT:LPRINT:LPRINTILPRINT 
5830 PRINT TAB(3);"TIME-DISTANCE DIAGRAM -- TOPOGRAPHY CORRECTION" 
5860 LPRINT TAB(3);"TINE-DISTANCE DIAGRAM -- TOPOGRAPHY CORRECTION" 
9870 I1=1 
5880 FOR I=l TO M(J) 
5890 IF X(J,I) <=XD(J,l) THEN 5900 ELSE 5930 
5900 DIFxOS-HS(J,I): LD=X(J,I)^2-OfFA2: LD-SQRtLD) 
5310 Y(J,I)=Y(J,I)w(LD/X(JvI)): I1=11*1 
5920 NEXT I 
3930 IF KC =l  THEN 6070 
5940 FOR JJ=2 TO KC 
3950 12=11 
5960 FOR Is11 TO W(J) 
5970 IF X(J,I) .<= XD(J,JJ) THEN 5980 ELSE 6050 
5980 ECl=(GS+HS(J, 1)-2*DAT) 
5990 EC2=V(J,JJ)h2-V(J,1)"2 
6000 EC3=SQR(EC2)/(V(J,JJ)*V(J,l)) 
6010 EC=ECl*EC3 
6020 Y(J,I)=Y(J,I)-EC 
6030 12-12+1 
6040 NEXT I 
6050 11=12 
6060 NEXT JJ 
6070 NEXT J 
6080 RETURN 
6090 REM +******++w+****+*******+++** 
6100 REM *** DIP hND THICKNESS SUBROUTINE *** 
4110 REM +++++****+**+**++*+**.*9***9**+9*~+++ 

6120 FOR 1 4  TO 10 



6130 FOR J=U TO 10 
6140 Zl(I,J)=O: Z2(I,J)=O 
blSO NEXT J 
6160 NEXT I 
6170 VA(l)=.S+(V(l, l)+V(2,1)) 
4lE0 fRAl=V(1,2)"2-VA(1)"2 
6190 T R A ~ P V ( ~ ~ ~ ) " ~ - V A ( ~ ) " ~  
6200 I N C ( 1 ) = . 5 ~ ( A f N ( V A ( 1 ) / S ~ R ~ T R ~ 1 ) ) + A T N ~ V A ~ 1 ~ / S Q R ~ ~ R ~ ~ ~ ~ ~  
6210 &PH(l,l)=INC(l): BET(l,l)=INC(l) 
6220 DIP(1)=.5*(ATN(VA(l)/SQR(TRA2))-ATN(VA(l)/SQR(TRAl))) 
6230 VA(T)=VA(l)/SIN(INC(l)) 
6240 N=KC-1 
6250 FOR L=2 TO N 
6 ~60 FOR ~ = 2  ra L 
6270 IF P=2 THEN 6280 ELSE 6310 
6280 APH(L,P-1)~ATN(VA(l)/S~R(V(2,L+1)A2-VA(l)A2))-DIP(l) 
6290 BET(L,P-1)=C\TN(VA(l~/SOR(V(1,L+1)~~2-VA(l~h2))+DIP(1) 
6300 GOT0 6330 
6310 APH(L,P-l)=GAM(L,P-2)-DIP (P-l)+DIP(P-2) 
6320 BEf(L,P-l)=DEL(L,P-2)+DIP(P-l)-DIP(P-Z) 
6330 D=VA(P)/VA(P-l)+SIN(APH(L,P-1)) 
6340 GBM(L,P-l)=ATN(D/SQR(l-D*D>) 
6350 E=VA(P)/VA(P-i )+SfN(BET(L,P-1))  
6360 DEL(L,P-l)=ATN(E/SDR(l-E*E)) 
6370 NEXT P 
6380 INC(L)=.S+(tAM(L,L-l)+DEL(L,L-1)) 
6390 APH(L,L)=INC(L) : BET(L,L)=INC(L) 
6400 DIP(L)P.~+(GAW(L,L-~)-DEL(L,L-~))+DIP(L-~) 
6410 VA(L+l)=VA(L)/SIN(INC(L)) 
6420 NEXT L 
6430 N=KC-1 
6440 Z 1 ( 1 , 1 ) = V A ( l ) w ( B ( l , 2 ~ / 1 0 0 0 ~ / ~ 2 ~ C O S ~ I N C ~ 1 ~ ~ ~  
6450 Z2(1,1)=VA(1)+(B(2,2~/1000~/(2~C~S~INC~1~~~ 
6460 FOR J=l  TO N 
6470 Zl(J,l)=Zl(l,l): Z2(J,l)=Z2(1,1) 
6480 NEXT J 
6490 FOR L=2 TO N 
6500 IF L=2 GOT0 6690 
6510 FOR P=2 TO L-1 
6520 SUMP=O: SUMTxO: I=l 
6530 IF P=2 GOT0 4630 
6540 PRl=i 

' 6550 FOR Ri=I TO P-2 
6560 PRl=PRl+(COS(DIP(Rl+l)-DIP(R1))) 
6570 NEXT R1 
6580 QXl=Z1(L-l,I)*TAN(APH(L-i,I~~-Z1~L,I)~T~N~APH~L,I~~ 
6590 QX3=Z2(L-1,I)+TAN(BEf(L-1,I))-Z2(L,I)*TAN(EET(L,I)) 
6600 SUMP=SUMP+QXl*PRl: SUMT=SUMf+G!X3*PRl 
6610 I=I+1 
6620 IF I <=P-2 THEN 6540 
6A30 QX2~Zl(L-I,P-l)*TAN(APH~L-1,P-i))-Zi~L,P-l~~TAN~APH~L,P~1~~ 
6640 QX4~Z2tL-1IP-1)*TAN(BET(L-1,P-i))-Z2(L,P-l)+TAN(EET(L,P-1)) 
6650 SUMP=SUMP+QX2: SUMT=SUMT+QX4 
6660 Zl (L,P)=Zl (L-1 ,P)+SUMP*SIN(DIP(P-DIP(P-1) ) 

6670 Z2(L,P)~Z2(L-l,P)+SUMf*SIN(DIP(P)-DIP(P-l)) 
bb80 NEXT P 
6690 SUM1 4: SUW2=O 



6700 FOR P-1 TO L 
4710 QM3=Z2(L,P-l)*(COS(APH(L,P-l)+bET(L,F-1))+1) 
4720 Q M l = Z l ( L , P - l ) * ( C O S ( A P H ( L , P - l ) + B E T ( L , P - 1 ) ) + 1 )  
h730 IF P=i  THEN 6740 ELSE 6750 
6740 QM2=1: QM4=1r GOT0 6770 
6750 QM2=VA(P-l)*COS(APH(L,P-l)) 
6760 QM4=VA(P-l)+COS(BET(L,P-I)) 
6770 OM=QMl/QM2 
6780 YM=OM3/QM4 
6790 SUMI=SUMI+QM 
6800 SUM2=SUM2+YM 
bHlO NEXT P 
6820 Zl(L,L)=VA(L)+(B(1,L+1)/1OOO-SUM1)/(2+COS~INC~L~~~ 
6830 Z2(L ,L)=VC\ (L) * (2 (2 ,L+1) /1000-SUM2) / (2*COS( , . fNC(L) ) )  
6840 NEXT L 
bBS0 FOR L=l TO N 
be40 SUM3=0: SUM4=0 
6870 FOR Pal TO L 
6EEO FMi=Zl (L,PI +COS(APH(L,P)-DIP(L)+DIP(P) ) /COS(APH(L,P) 1 
be90 FM2=ZZ(L,P)wCOS(BET(L,P)+DIP(L)-DIP(P))/COS(BET(L,P)) 
6900 SUMS=SUMJ+FMl 
6910 SUR4xSUM4+FM2 
6920 NEXT P 
4930 HI (L)=SUM3/CDS (DIP (L) ) 
6940 H2(L) =SUM4/COS(DIP (L) ) 
4990 NEXT L 
6960 PRINT: PRINT "*++ SUMMARIZED INFORMATION ***" 
6970 LPRINT: LPRINT "*** SUMMARIZED INFORMATION ++wU 
6980 FOR Lz1 TO KC-1 
6990 PRINT: PRINT "LAYER # ";L;: PRINT 
7000 LPRfNfs LPRINT "LAYER # ";L;: LPRINT 
7010 PRINT "VELOCITY (Ft/Sec) = ";VA(L) 
7020 LPRINT "VELOCITY (Ft/Sec) = ";VA(L) 
7030 DEG=DIP(L)*360/(2*3.14159) 
7040 PRINT "DIP OF NO. ";L;" REFRACTOR (Degree) = ";DEG 
7050 LPRINT "DIP OF NO. ";L;" REFRACTOR (Degree) = ";DEG 
7060 PRINT "THICKNESS OF BED NEAR STARTING POINT (Ft) = " ; Z l  (L,L) 
7070 LPRINf "THICKNESS OF BED NEAR STARTING POINT (Ft) = ";Zl (L,L) 
7080 PRINT "THICKNESS OF BED NEAR ENDING POINT (Ft) =";Z2(L,L) 
7090 LPRINT "THICKNESS OF BED NEAR ENDING POINT (F t )  = ";ZZ(L,L) 
7100 PRINT "DEPTH OF BED AT STARTINO POINT (Ft) = ";Hl(L) 
7110 LPRINT "DEPTH OF BED AT STARTING POINT (Ft) = ";Hl(L) 
7120 PRINT "DEPTH OF BED AT ENDING POINT ( F t )  = ";HZ(L) 
7130 LPRINT "DEPTH OF BED AT ENDING POINT (Ft) = ";HZ(L) 
7140 NEXT L 
7150 PRINT: PRINT "LAYER + ";KC;: PRINT 
7160 LPRXNT! LPRINT "LAYER # ";KC;: LPRINT 
7170 PRINT "VELOCITY (Ft/Sec) = ";VA(KC) 
7180 LPRINT "VELOCITY (Ft/Sec) = ";VA(KC) 
7190 RETURN 



+w*+***********w********** 
* * 
* SEISMIC REFRACTION + 
* * 

PROBLEM -- EXAMPLE RUN FOR SEISMIC SURVEY 

*** FORWARD SHOOTING *** 

INPUT -1 FOR TIME AND -1 FOR DISTANCE WHEN COMPLETE 

TIME (mSec) 
15.00 
2Q. 63 
23.00 
30.50 
35.00 
37.63 
42.50 
46.25 
50.00 
5s. 00 
57.50 

DISTANCE (F t )  
144.00 
213.30 
264.50 
311.70 
160.90 
410.10 
459.30 
508. 90 
557.70 
606.90 
656.10 

TIME-DISTANCE DIAGRAM 

I T 
14.4 + + 

I I 
I I 
I f 
I I 

0.0 +----+----+----+----+----+----+----+----+----+----+----+----+----+ 

0.0 100.9 201.9 302.8 403.8 904.7 605.6 
DISTANCE iF t )  



REGRESSION &N&LYSIS -- TRIAL # 1 
ESTIMATE IST, 2ND, ...., lOTH CROSS-OVER DISTANCE 
COMPLETE FORWARD SHOOTING FIRST 
THEN REVERSE SHOOTING IF AVfiILABLE 

INPUT THE MAXTMUM DISTANCE WHEN FINISH 

INPUT CROSS-OVER DISTANCE FOR FORWARD SHOOTINO 

CROSS-OVER DISTANCE # 1 370 (Ft )  
CROSS-OVER DISTANCE # 2 920 (F t )  
CROSS-OVER DISTANCE # 3 660 (F t )  

++* FORWARD SHOOTING *** 

REGRESSION EQUATION FOR I 1 LAYER ( Y  I N  m 6 e c  t X I N  F t )  
Y = .101289 X - 1.40073 
CORRELATION COEFFICIENT I S  .998973 
VELOCITY ( F t / S e c )  = 9872.79 

REGRESSION EQUATION FOR # 2 LAYER ( Y  IN mSec & X IN F t )  
Y = .0875936 w X + 1.89491 
CORRELATION COEFFICIENT I S  .997172 
VELOCITY (Ft/Sec) = 11416.4 

REGRESSION EQUATION FOR # 3 LAYER ( Y  I N  mSec & X I N  F t )  
Y = ,0762209 w X + 7.90819 
CORRELATION COEFFICIENT IS .981948 
VELOCITY (Ft/Ser) = 151 19.8 

-- FORWARD SHOOTING -- 

TRY REGRESSION AGAIN ( Y / N ) ?  N 

ELEVATION CORRECTION ( Y / N ) ?  Y 

SELECT DaTUM PLANE ELEVATION ( F t ) :  1000 

FORWARD SHOOTXNO 

ENERGY SOURCE ELEVATION (F t )  1001 

INPUT GEOPHONE ELEVATION (Ft) FOR 
TDPOGRWHIC CORRECTION 
GEOPHONE STATION: 1001 
GEOPHONE STATION: 1000 
GEOPHaNE STATION: 999.5 
GEOPHONE STATION: 1000 
GEOPHONE STATION: 1000 
GEOPHONE STATION: 1001 
GEOPHONE STATION: 1001.5 
OEOPHONE STATIONt 1000 
GEOPHONE STATION: 999 
GEOPHONE STATION: 999.5 
GEOPHONE STATION: 1000 



TIME-DISTANCE DIAGRAM -- 
57.4 + 

I 
I 
I 
I 

T 43.1 + 
I I 
M I 
E I 

I 
, 28.7 + 
m I 
S I 
e I 
C I 

TOPOGRAPHY CORRECTION * 

I I 
I I 
I I 

0.0 +----+----+----+----+----+---+----+----+----+----+----+----+----+----+ 
0. 0 100.9 201.9 302.8 405.8 504.7 605.4 

D I STANCE (Ft 1 

REGRESSION ANALYSIS -- TRIAL # 1 
ESTIMATE lST, 2ND, ...., 1OTH CROSS-OVER DISTANCE 
COMPLETE FORWARD SHOOTING FIRST 
THEN REVERSE SHOOTING IF AVAILABLE 

INPUT THE MAXIMUM DISTANCE WHEN FINISH 

INPUT CROSS-OVER DISTANCE FOR FORWARD SHOOTIN@ 

CROSS-OVER DISTANCE # 1 380 ( F t )  
CROSS-OVER DISTANCE # 2 540 (F t )  
CROSS-OVER DISTANCE # 3 640 (F t )  

**+ FORWARD SHOOTING *+* 

REGRESSION EQUATION FOR # 1 LAYER (Y IN mSec t X IN F t )  
Y = .lo1288 X - 1.40084 
CORRELATION COEFFICIENT IS .998976 
VELOCITY (Ft/Sec) = 9872.81 

REGRESSION EQUATION FOR # 2 LAYER (Y IN mSec ?< X IN F t )  
Y = .0881105 * X + 1.36428 
CORRELATION COEFFICIENT IS .997657 
VELOCITY (Ft/Sec) = 11349.4 

REGRESSION EQUATION FOR # 3 LAYER 1Y IN mSec & X IN F t )  
Y = .075S422 * X + 8.28674 
CORRELATION COEFFICIENT IS .981641 
VELOCITY (Ft/Sec) = 13237.6 



-- FORWARD SHOOfXNG -- 

TRY REGRESSION AGAIN ( Y / N ) ?  N 

ELEVATION CORRECTION ( Y / N ) ?  N 

REGRESSION LINE PLOT ( Y / N ) ?  N 

CROSS-OVER DISTANCE DETERMINATION 

*** FORWARD SHOOTING *++ 

NO # 1 CROSS-OVER DISTANCE ( F t )  = 225.009 

NO # 2 CROSS-OVER DISTANCE (F t )  = 534.076 

*** SUMMARIZED INFORMATION r** 

LAYER # 1 
VELOCITY ( F t / S e c )  = 9872.81 
THICKNESS OF  BED (F t )  = 15.4558 
DEPTH OF BED ( F t )  = 15.4598 

LAYER # 2 
VELOCITY (Ft/Sec) = 11349.4 
THICKNESS OF BED (F t )  = 6B.0675 
DEPTH OF BED (Ft  ) = 83.7233 

LAYER # 3 
VELOCITY (Ft/Sec) = 13237.4 



AmmamcB 

RESISTIVITY program and the example problem 



1000 REM ww*w*w***+**w*w*w*w*.*w*********************************** 
1010 REH +** *** 
1020 REM *w+ ELECTRIC RESISTIVITY PROGRAM FOR THE SCHLUMBERGER +** 
1030 REH *** SOUNDINB SURVEY. PROGRAMMED BY SCOTT L. HUANO ++* 
1040 REM +r* 5/20/84. PORTION OF THE PROGRM IS MODIFIED FROM **+ 
1050 REM *** THE VES PROGRAM. *** 
1060 REM *** *+9 

1070 REM *** THE RESISTIVITY PROGRAM CALCULATES THE DEPTH AND +** 
1080 REM *** RESISTIVITY OF SUBSURFACE FORMATION BY ASSUMING *** 
1090 REM *** A THEORETICAL CONDITION AND PROGRAM WILL AUTOMA- *** 
1100 REM +** TICALLY ESTIMATE A FIELD APPARENT RESISTIVITY +** 
1 1 1 0  REM *** CURVE WHICH HhS THE LEAST DEVIATION FROM THE *+.I) 
1120 REH *** ACTURAL FIELD SURVEY CURVE. TEN ITERATIONS WILL *** 
1130 REM *** BE CONDUCTED FOR EACH COMPUTER RUN. *** 
1140 REM +** +** 
1150 REM w*w+www+a++*w+ww++w+w***w**~*************w*************** 
1160 PRINT TAB(iS);u+***+**+*****~**~*~~o~**~*~w*****~**~*******11 
1170 PRINT fAB(iS);"* w l1 

1180 PRINT TAB(15);"+ RESISTIVITY -- SCHLUMBERGER SOUNDING +" 
1190 PRINT TAB(15) ; "+ * 
1200 PRINT TAB(~~);"****+********W**~*~~+~****~W*****++***~+****" 
1210 LPRINT TAB(~~);"++****~~****WW*************+****************" 
1220 LPRINT TAB(lS);"+ w 
1230 LPRINT fAB(IS);"* RESISTIVITY -- SCHLUMBERGER SOUNDING *" 
1240 LPRINT tAB(15);"* * a' 

1290 LPRINT TAB(lS);"**++*****++++*W~***************+***+********" 
1260 PRINT,PRINT:LPRINTrLPRINT 
1270 DIM RESIST(S0),THICK(50),VV#~5O~,XAMDCI#~SO~,V~~O~,VESl#~~O~,VES2#~~0~ 
1280 DIM DEPTH(SO),VES#(SO),RADIUS(SO),XK#(5O),DP(3O),RHO(SO) 
1290 DIM AMDA(50),VVl#(SO),VV2#~SO~,XVESl#~3O),XVES2#~~0~ 
1300 DIM SPAC(SO),RSQ#(10),DEPTH1(5O),RH01(50),APRH#(50) 
1310 PRINT "TITLE FOR THE' SURVEY: ";:INPUT TITLES 
1320 LPRINT "TITLE -- ";TITLEI 
1330 J = i  
1340 PRINT "INPUT APPARENT RESISTIVITY (Ohm-Ft), 1/2 ELECTRODE SPACING (Ft):" 
1350 LPRINT "INPUT APPARENT RESISTIVITY (Ohm-Ft), 1/2 ELECTRODE SPACING (F t )  r "  
1360 PRINT "INPUT -1 FOR RESISTIVITY AND SPACING WHEN COMPLETE" 
1370 LPRINT "INPUT -1 FOR RESISTIVITY AND SPhCING WHEN COMPLETE" 
1380 PRINTtLPRINT 
1390 LPRINT T&B(10);"RESISTfVITY11;T~B(3?):8'1/2 SPACING" 
1400 PR1NT:LPRINT 
1410 INPUT APRHItJ) ,SPAC(J) 
1420 IF SPAC(J)=-1 THEN 1450 
1430 LPRINT TAB(13)gAPRH%(J);TAB(4'i);SPAC(J) 
1440 J=3+1: GOT0 1410 
1450 N00oJ-1: RADMIN=999999!: RADWAX=O 
14h0 FOR JJ=i TO NO0 
1470 IF RADMIN >= SPAC(JJ) THEN RADMIN=SP9C(JJ) 
1480 IF RADMAX <= SPAC(JJ) THEN RADMAX=SPAC(JJ) 
1490 NEXT JJ 
1500 PR1NT:LPRfNTrPRINf:LPRINf 
1510 PRINT "ITERATION (Y/N) ";:INPUT TRS 
1520 LPRINT "ITERATION AGAIN (Y/N)? ";TRX 
1530 IF TRt-"N" THEN 2130 
1540 FINfiLmO 
1550 PRINT "ITERATION UPWARD OR DOWNWARD (UP/DOWN) ";:INPUT ITES 
1560 LPRINT "ITERATION UPWARD OR DOWNWaRD (UP/DOWN)? " ; I T € *  



1570 IF ITES="UP" THEN UD=l 
1580 IF ITEO="DOWNN THEN UD=-1 
1590 PRINTtLPRINT 
1600 PRINT "INCREMENTS FOR DEPTH AND RESISTIVITY: ";:INPUT INCD,INCR 
1410 LPRINT nINCREHENTS FOR DEPTH AND RESISTIVITY: ";INCD,INCR 
1620 LPRINTrPRINT 
1630 PRINT "TOTAL NUMBER OF SUBSURFACE LAYERS3 " ; r  INPUT LAYERS 
1640 LPRINT "TOTAL NUMBER O F  SUBSURFACE LAYERS: ";LAYERS 
1650 PRINT "DEPTH (F t )  AND RESISTIVITY (Ohm-Ft) r " 

1640 LPRINT "DEPTH (Ft) hND RESISTIVITY ( O h m - F t ) :  " 
1670 FOR I=1 TO LAYERS 
1680 INPUT DEPTHl(I),RHOl(I) 
1690 PRINT TAB(1);DEPTHl (I);TAB(20);RHOl (I) 
1700 LPRINT fAB(l);DEPTHl(I);TAB(20);RHOl(I) , ,  
1710 NEXT I 
1720 FOR LS=l TO 10 
1730 RSQ#(LS)=O 
1740 FOR 1=1 TO LAYERS 
1750 DEPTH(I)=DEPTHl(I)*(l+INCD*(LS-1)wUD) 
1760 RHO(I)=RHOl(I)*(l+INCR*(LS-1)W) 
1770 NEXT I 
1780 GOSUB 21403 GOSUB 2460: GOSUB 2730 
1790 IF FINAL=O THEN GOSUB 3480 ELSE 1910 
1800 NEXT LS 
1810 MIN#=999999! 
1820 FOR LS=l TO 10 
1830 IF RSQ#(LS) <= MIN# THEN 1840 ELSE 1030 
1840 MIN#=RSO#(LS): FINAL=LS 
1850 NEXT LS 
1860 FOR 1=1 TO LAYERS 
1870 DEPTH(I)=DEPTH1(I)*(l+XNCD*(FfNAL-l)*UD) 
1880 RHO(1 )=RHO1 (X)*(l+INCR*(FINAL-i)*UD) 
1890 NEXT I 
1900 OOTO 1780 
1910 PR1NTtPRINT:PRINT:LPRINT:LPRINT:LPRINT 
1920 PRINT TAB(1O) ;"THICKNESS";TA8(26) ; ''DEPTHa1;TAB(38) ;"RESISTIVITY" 
1930 LPRINT TAB(1O) ; "THICKNESS";TAB(26) ; "DEPTH";TAE(38) ; "RESISTIVITY" 
1940 PRINT fAB(12);"(Ft)";TAE(27);"(Ft)'1;TFIB(39);"(Ohm-Ft)":PRINT 
1950 LPRINT TAB(12);"(Ft)";TAB(27~~1'(FT)"~TFIB(39);"(~HM-FT)"aLPRINT 
1960 FOR I=l TO LAVERS 
1970 PRINT TAE(lO);THICK(I);TAB(25);DP(I);T4B(40);RHO(I) 
19BQ LPRINT fAB(lQ);THICK(I);TAE(2S) jDP(I);TAB(4O);RHO(I) 
1990 NEXT I 
2000 PR1NT:PRINT:PRINf TAB(l0);"1/2 SPACINO";TAB(39);"RESISTIVITY" 
2010 LPRINTtLPRINTtLPRINT TAB(lO);"1/2 SPACING";TAB(39);"RESISTIVffY1' 
2020 PRINT TAB(15) ; " (Ft )  ";ThB(40) ; " (Ohm-Ft) l':PRINT 
2030 LPRINT TAB(l3);"(Ft)";TAB(40)j~~(Ohrn-Ft)~':LPRINT 
2040 FOR L=1 TO NRADII 
2050 PRINT TAE(ll);RADIUS(L);TAB(35) ;VES#(L) 
2060 LPRINT TAB(ll);RADIUS(L)gTAB(35);VES#(L) 
2070 NEXT L 
2080 PR1NT:PRINT:PRINT "LEAST SRUhRE ROOT OF DEVIATION: Ia;RSP#(FINAL) 
2090 PRINT "AT ";FINAL;" ITERATION" 
2100 LPR1NT:LPRINT:LPRINT "LEAST SQUARE ROOT OF DEVIATION: ";HSB#(FINAL) 
2110 LPRINT "AT ";FINAL;" ITERATION" 
2120 DOTO 1510 
2130 END 



2140 HEM +***w*#w+*****+www+w*~***+ 
2150 REM *** SPWING SUBROUTINE +** 
2160 REM +*+***#*++#*++wwwwww++**w* 
2170 THICK(l)=DEPTH(l) 
2180 FOR 1=2 TO LAYERS 
2190 THICK( I) =DEPfH(I)-DEPTH(1-1) 
2200 NEXT I 
2210 XRATIO#=EXP(LOG(10)/6) 
2220 RADXUS(l)=RADMIN 
2230 1=2 
2240 RADIUS(I)=XRATIO#*RADIUS(I-1) 
2250 IF RADIUS(1) >= RADMAX THEN 2280 
2260 I=I+i 
2270 GOT0 2240 
2280 NRADII=I 
2290 RADMAX=RADIUS(I) 
2300 XMIN=(RADMIN/XRATIO#A10)*l.05 
2310 X M A X = ( R A D M ~ X + X R A T I O # ~ b ) * l . O S  
2320 XAMDA# ( 1) =XMIN 
2330 1=2 
2340 XAMDA#(I)=XRATIO#*XAMDA#(I-1) 
2350 IF XMaX-XAMDA#(I) <= O THEN 2380 ELSE 2360 
2360 I=I+1 
2370 GOT0 2340 
2380 NRAD=I 
2390 NN=LAVERS 
2400 SUNN=O 
2410 FOR 1-1 TO NN 
2420 SUNN=SUNNtTH I CK ( I 
2430 DP ( I ) =SUNN 
2440 NEXT I 
2450 RETURN 
2460 REM +ww*w+w+**w+w+w+++*w+***-R 
2470 REM *** KERNEL SUBROUTINE **+ 
2480 REM w++~*+++++ww+w++++*+****~ 
2490 FOR J=1 TO NRAD 
2500 V(J)=l 
2510 K=LAVERS-1 
2520 KK=LAVERS+l 
2530 AMDA (J ) =-2/ XAMDA# ( J  ) 
2540 FOR 1=1 TO K 
2550 M=KK-I 
2560 L=LAYERS-I 
2570 P=RHO(M)wV(J) 
2580 AK=(RHO(L)-P) /(RHO(L)+P) 
2590 PROD=AHDA(J)*THICK(L) 
2600 IF PROD < -50 THEN PROD=-50 
2610 Q=AK*EXP(PROD) 
2620 ABO=ABS ( Q )  
2430 IF ABQ <= 0 THEN 2640 ELSE 2660 
2640 V(J)=i 
2650 GOTO 2670 
2660 V(J)=(l-Q) / (1+Q) 
2670 NEXT I 
2680 NEXT J 
2490 FOR J=1 TO NRAD 
2700 VV+(J)=V(J)wRHO(l) 



2710 NEXT J 
2720 RETURN 
2730 REM ......................... 
2740 REM *** CONVES SUBROUTINE *** 
2750 REM w+***+U+++++++++++++***** 

2760 XK#(1 )= .0148  
2770 XK#(2)=- .0814 
2780 XK#(3 )= .4018  
2790 XK#(4)=-1 .5716 
2800 XK#(S)=1.972 
2810 X K 1 ( 4 ) = . 1 8 5 4  
2820 X K 1 ( 7 )  a. 1064 
2830 XK# ( 8  =-. 0499 
2840 XK#(9)= .02TS 
2850 FOR 1x1 TO 50 
2860 V V l # ( I ) = O !  
2870 VV2# ( I ) =U ! 
2880 NEXT I 
2890 NODDaO 
2900 NEVENmO 
2910 I F  NRAD/2 = I N T ( N R A D / 2 )  THEN 2950 
2920 NODDrNRAD 
2930 NN=(NODD+l) /2 
2940 GOT0 2980 
2950 NEVEN=NRAD 
2960 NN=NEVEN/ 2 
2970 GOT0 3 0 A 0  
2980 FOR J = l  TO NN 
2990 V V l # ( J ) = V V % ( 2 * J - l )  
3000 NEXT J 
3010 MM=NN-1 
3020 FOR J=l TO MM 
3030 VV2# (J ) =VV# (2+J ) 
3040 NEXT J 
3050 GOTO 3100 
3060 FOR J=l  TO NN 
3070 V V l # ( J ) = V V # ( 2 * J - l )  
3080 V V 2 # ( J ) = V V # ( 2 * J )  
3090 NEXT J 
3100 REM 
31 10 M=O 
3120 La1 
31 30 LL=9 
3140 FOR J=L TO LL 
3150 REM 
3160 XVESl#(J)=VVl#(J)+XK#(J-M) 
3170 XVES2#(J)=VV2#(J)*XK#(J-M) 
3180 NEXT J 
3190 REN 
3200 SMVESl#=O 
3210 SMVESZ#=O 
5220 FOR J=L TO LL 
3230 SMVESl#=XVESl#(J)+SMVESl# 
3240 SMVES2#=XVES2#(J)+SMVES2# 
3250 NEXT J 
3260 V E S l # ( L ) = S M V E S l #  
3270 VES2#(L)=Sf lVES2# 



3280 L=L+1 
3290 LL=LL+l 
3300 M=M+1 
3310 IF LL 3 NRAD THEN 3330 
3520 OOTO 3140 
3330 IF NRAD=NODD THEN 3350 
3340 GOT0 3420 
3350 FOR J = i  TO NN 
3360 VES#(Z*J-l)=VESi#(J) 
3370 NEXT J 
3380 FOR J=i TO HM 
3390 VES#(2wJ)=VES2#(J) 
3400 NEXT J 
3410 GOTO 3460 
3420 FOR 3x1 TO NN 
3430 VES#(Z*J-l)=VESi#(J) 
3440 VES#(2+J)=VES2#(J) 
3450 NEXT J 
3460 REM 
3470 RETURN 
3480 REM +** 
3490 REM +** LEAST SQUARE SUBROUTINE *** 
3500 REM *** 
3510 K=0 
3520 FOR J=1 TO NO0 
3530 FOR 1x1 TO NRADII 
3540 I F  (SPAC(J)>=RADIUS(I))AND(SPAC(J)~~=RCSDIUS(I+l THEN 3550 ELSE 3600 
3350 XX#=VES#(I+l)-VES#(I) 
3560 INTR#=VES#(I)+(SPAC(J)-RADIUS~I))/(RADIUS~I+l~-RADIUS~I~~~XX# 
3570 RSQ# (LS) =RSP# (LS) + ( INTR#-APRHW ( J )  ) "2 
3580 K=K+l 
3590 GOT0 3610 
3600 NEXT I 
3610 NEXT J 
3620 RSQ# ( LS) =RSQ# ( LS) /K 
3630 RSQI(LS)=SQR(RSQ#(LS) 
3640 RETURN 



............................................ 
* * 

RESISTIVITY -- SCHLUMBERGER SOUNDING w 
* * 
**w**+***************y*W********************** 

TITLE -- EXAMPLE RUN FOR RESISTIVITY SURVEY 
INPUT APPaRENT RESISTIVITY (Ohm-Ft), 1/2 ELECTRODE SPfiCING ( F t ) :  
INPUT -1 FOR RESISTIVITY AND SPACING WHEN COMPLETE 

RESISTIVITY 1/2 SPACING 

ITERATION AGAIN (Y/N)? Y 
ITERATION UPWARD OR DOWNWARD (UP/DOWN)? UP 

INCREMENTS FOR DEPTH AND RESISTIVITY: .05 

15.5 
3 1 
46 
b l .  3 
76 
92 
107 
122 
137 
152 
167 
182 
197 
212 

TOTAL NUMBER OF SUBSURFACE LAYERS: 3 
DEPTH (F t )  AND RESISTIVITY (Ohm-Ft): 
5.4 22655 
21.6 224550 - 
999999 566 



THICKNESS DEPTH HESlSTIVXTY 
(F t )  ( F T )  ( OHM-FT ) 

1/2 SPACING 
(F t )  

RESISTIVITY 
( Ohm-Ft  

LEAST SQUARE ROOT OF DEVIATION: 679i.7900390625 
&T 1 ITERATION 
ITERATION AGAIN ( Y / N ) ?  N 


