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Summary Operational Report of a 

Preliminary Gravity Survey of Southeastsrn Alaska 

by David F. Barnes 

Introduction 

In 1968 the U.S. Geological Survey with the support of the U.S. 

Army TCIPOC(M (project Order 3-68) initiated a gravity survey of south- 

eastern Alaska, which was planned as part of the Survey's effort to 

prepare a gravity map of the State of Alaska (Barnes, 1969). The 

initial effort was to make measurements at intervals of about 1% miles 

along the thousands of miles of shoreline which traverse this Alaskaq 

archipelago. A few supporting measurements were also made using float 

planes and helicopters for transportation. During the surmners of 1968 

and 1969 about 3000 measurements were completed along almost all of the 

waterways east of Chatham Straits. The survey will probably be completed 

with cooperation of the State of Alaska during the summer of 1972. This 

report briefly summarizes the field methods, the logistics and the pre- 

liminary results of the 1968 and 1969 field work. 

Previously published gravity surveys in southeastern Alaska include 

measurements on the land by Thiel and others (1958), Woollard and others 

(1960) and by Rice (1969), marine measurements by Dehlinger and others 

(1966 and 1970X and calculations by Banks (1969). A few unpublished 

measurements of gravity have also been made as parts of local mineral 

and glaciological investigations. The present regional survey was 

designed both to determine the geologic factors influencing the gravity 

field and to provide a framework for past and future local and marine 



surveys. Other repor ts  i n  t h i s  re lease  describe the establishment of 

a base s t a t i o n  network, the  da ta  reduction and show day-by-day tabu- 

l a t i o n s  of the  measurements. 

Gravity measurements 

Almost a l l  f i e l d  t r a v e l  was by small s k i f f s  operat ing with the  

support of a l a r g e r  vesse l  to  provide sa fe ty  and l i v i n g  quarters .  I n  

the f i rs t  week of the 1968 f i e l d  season and during about three weeks i n  

the  1969 f i e l d  season, the gravi ty  par ty  accompanied geologis ts  working 

off  the M/V DON J. MILLER. However, during most of the  f i e l d  work 

smaller vesse ls  were chartered f o r  the  exclusive support of the  gravi ty  

survey. The l a t t e r  system enabled the  p ro jec t  chief t o  plan the f i e l d  

work so  t h a t  shore l ines  of large water bodies were mapped i n  calm weather, 

and the  smaller ,  more-sheltered bays could be mapped i n  bad weather. Thus 

the  use of smaller support vesse ls  was more e f f i c i e n t ,  and i n s p i t e  of 

Alaskan weather, some f i e l d  work was performed on almost every day 

away from post.  The most e f f i c i e n t  coverage was a l so  obtained by two 

s k i f f s  operat ing from one support vessel.  

LaCoste geodetic gravimeters were used f o r  almost a l l  of the  measure- 

ments except t h a t  Worden meter 226 replaced one of the meters during the  

f i r s t  three weeks of the  1968 season and f i r s t  two meks of the  1969 

season while the a v a i l a b i l i t y  of a second LaCoste meter was delayed. 

Meter temperature was maintained with the standard 4-ampere-hour nickel-  

cadmium b a t t e r i e s ,  which were charged each n ight  from the support vesse ls '  

power supply. E l e c t r i c a l  problems on some of the support vesse ls  caused 

a few charging f a i l u r e s  and l a t e r  losses  of meter-temperature, but none 



of these late-in-the-day ba t t e ry  f a i l u r e s  s ign i f i can t ly  delayed the 

f i e l d  work nor influenced data quali ty.  Dr i f t  control  was maintained 

through a large network af  baae and control  s t a t ions  established a t  

overnight anchorages and traverse-intersection points ,  and t h i s  network 

i s  described i n  a separate report.  Meter d r i f t  was apparently accelerated 

by the vibrat ions encountered by the l i g h t  s k i f f s  t r ave l l ing  i n  choppy 

waters, and many loop and traverse closures ranged from k.05 t o  f Q,15 

mgals. This complicated the adjustment of the base network, but most 

of the tabulated observed g rav i t i e s  should have precisionsof f O . 1 0  mgals 

or  bet ter .  The few t raverses  that  include uncer ta int ies  greater  than 

0.2 mgal have been iden t i f i ed  i n  the tabulated data. 

Sea l eve l  corrected for  t i d a l  var ia t ions  was used fo r  almost a l l  

of the elevation control ,  so the elevation datum f o r  the survey i s  

mean-tide level .  Almost 200 t i d a l  bench marks were a l so  occupied during 

the  survey, and t h e i r  elevations were measured and calculated by the same 

hand-leveling and t idal -correct ion techniques used fo r  the other gravity 

s t a t ions ,  A comparison between our calculated elevations a t  these bench 

marks and those obtained from the U.S. Coast and Geodetic Survey's t i d a l  

records, suggests t ha t  60 percent of the gravi ty-s ta t ion elevations a re  

within a foot  of t h e i r  precise elevation and tha t  l e ss  than 2 percent 

might contain e r ro rs  of more than 3 fee t .  

I n  other pa r t s  of Alaska,the elevation uncertainty i s  much la rger  

because of frequent use of a l t imetry ,  so  t e r r a i n  corrections have not 

been made on most USGS Alaskan gravi ty  data. However, both the qua l i ty  

of the e levat ion control  i n  Southeastern Alaska and the abundance of 



steep topography suggest t ha t  t e r r a in  corrections a re  desirable f o r  these 

data. Hawever, such corrections w i l l  require a great  deal of effort: and 

they w i l l  not be funded u n t i l  the f i e l d  survey i s  completed and u n t i l  a 

preliminary in te rpre ta t ion  has been made of the  data. 

Brief f i e l d  work narra t ive  

The f i e l d  work began on May 26, 1968 when J. D. Luetscher i n i t i a t e d  

measurements along the west shore of the Portland Canal working with 

same geologists  off  the USGS M/V DON J. MILLER. The project  chief joined 

the ship on May 30 a t  Hyder, and a 4-man party continued the survey back 

down the Portland Canal, i n t o  Boca-de-Quadra and then through the Behm 

Canal u n t i l  June 6. The M/V TAKU was then chartered a t  Ketchikan and the 

party proceeded northward t o  Petersburg and Wrangell, where the support 

vessel  developed mechanical and e l e c t r i c a l  problem. After these were 

repaired the group worked southward amongst the b i g  bays on the e a s t  s ide  

of Prince of Wales Island and then northward on the Pac i f i c  coast  of Dall 

Island,  where bad weather caused some delays. This survey from the M/V 

TAKU reached as f a r  north as Craig and then returned southward through 

Cordova Bay, which was completely surveyed before the vessel ' s  char ter  

ended on July  13, 1968. 

During the sunnner of 1968, a long hel icopter  t raverse  was a l so  

completed between Cordova and Petersburg, which obtained data on the 

Yekutat coas t l ine  and i n  pa r t s  of the Coast Range mountains. However, 

the primary purpose of t h i s  t r i p  was t o  f e r ry  a helicopter  from one 

geological pa r ty  i n  the Wrangell Mountains t o  another geological party 

on Kosciusko Island,  and the  amount of time and data col lec t ion were 



limited. Late i n  August the project  chief and R. C. Olson returned t o  

Ketchikan fo r  small-boat traverses on waters near the c i t y  and fo r  

f loat-plane traverses t o  es tab l i sh  base-control fo r  the e a r l i e r  surveys 

and t o  obtain new data on i n t e r i o r  lakes. The f i n a l  1968 traverse 

was made along the highway between Haines and the Canadian border. 

0.1 June 11, 1969 the survey resumed a t  Craig, where Barnes and 

Peter  Popenoe joined a geological par ty  working off  the M/V DON J. 

MILLER amongst the is lands  northwest of the 1968 survey. 

When the geologists  headed southward,the gravi ty  party l e f t  the MILLER 

and moved t o  Wrangell t o  complete t raverses  l e f t  undone when the M/V 

TAKU had developed mechanical t roubles during the previous summer. Orl. 

June 24 the M/V BLUE STAR was chartered a t  Petersburg and it supported 

t raverses  i n  S m e r  and Keku S t r a i t s  and left: Popenoe and Mike Klupfel 

t o  continue the survey from a shore base a t  Kake. This two-man p a r t y  

l a t e r  rejoined the M/V DON J. MILLER a t  Petersburg and accompanied i t s  

geological par ty  f o r  traverse on the southwest shore of Stevens Passage. 

When t h i s  work ended, they moved t o  Yakutat f o r  sk i f f  and road traverses 

near Yakutat and Dry Bays. Popenoe l e f t  the party i n  ea r ly  August, and 

fu r the r  work t ha t  month was slowed by mechanical and weather problems. 

Two t raverses  m r e  made near Haines, some road t raverses were made a t  

Juneau, and R. C. Olson completed a traverse along the  Alaskan portion 

of the W h i t e  Pass and Yukon Railway. 

The remainder of the survey was completed by a five-man par ty  working 

with two s k i f f s  off  the USGS M/V WATERS on two t r i p s  from Juneau. The 

f i r s t  t r i p  began on August 26 and completed the survey of Lynn Canal and 



i t s  t r i bu t a r i e s  between Juneau and Skagway. The second t r i p  completed 

t raverses  on Stevens passage between Juneau and Petersburg and the 

vessel  then headed southwest. Traverses around Kosciusko Island f i l l e d  

the gap l e f t  between the prfor  surveys franthe M/V DON J. MILLER and 

M/V BLUE STAR. The WATERS returned t o  Juneau v ia  Chatham S t r a i t s ,  

but heavy r a i n  and strong winds limited the data col lec t ion t o  Port 

Malmesbury and the bays near Killisnoo. Other bays were l e f t  unsurveyed 

t o  provide sheltered work fo r  periods of bad weather while the traverses 

along Chatham S t r a i t  a re  completed i n  1972, The 1969 data col lec t ion 

ended on September 12. 

Supporting invest igat ions  

Although the col lec t ion of gravity data  was the i n i t i a l  object ive 

of the Southeastern Alaskan gravi ty  survey, the ultimat objective is  a 

geological in te rp re ta t ion  of the region's  gravi ty  f i e l d .  To a id  t h i s  

in te rp re ta t ion ,  hand specimens f o r  laboratory density measurements were 

col lec ted of the rock outcrops a t  about two-thirds of the gravity 

s t a t ions .  These laboratory measurements have now been completed on 

about two-thirds of the  specimens, but much addit ional  work must be 

done before a l l  the specimens are  iden t i f i ed  and associated with spec i f i c  

geologic uni ts .  However, these dens i ty  data w i l l  eventually provide a 

useful  a id  f o r  the in te rpre ta t ion  of the gravity data,  

Secondly, the poss ibi l i ty  of using a l t imetry  control  for addi t ional  

gravi ty  s t a t ions  inland from the waterways was a l so  considered, On a 

good many days one skiff carr ied  a s e t  of surveying a l t imeters  and 

measurements were made a t  a l l  s ta t ions .  These a l t imeter  measurements 



could be processed with very l i t t l e  addit ional  e f f o r t  on the same computer 

program tha t  reduced the gravity data. The simplest possible base control  

of l i nea r  in terpola t ion between morning and evening measurements was used 

and the  r e s u l t s  can be compared with the  sea-level elevations t o  estimate 

the range and the frequency of loca l  amosphere pressure variat ions.  These 

a l t imete r  measurements were made i n  a l l  weather types except high winds 

and heavy rain. Preliminary inspection of the r e su l t s  suggests tha t  i n  

Southeastern Alaska very few loca l  o r  temporal atmospheric pressure 

var ia t ions  would cause a l t imetry  e r ro rs  g rea te r  than 3 meters. 

Sumnay of quadrangle coverage 

Figure 1 shows the completed traverses and s e rva  as an index f o r  

the 14 1:250,000 quadrangle maps on which t h e  gravity s t a t i on  numbers 

and simple*Bouguer anomalies a re  plotted.  No istat ions were obtained i n  

the M t .  Fairweather quadrangle, and future  surveys a r e  planned f o r  it, 

the Juneau, Sitka and Port  Alexander quadrangles. Table 1 l is ts  fourteen 

quadrangles and the number of gravity s t a t ions  now avai lable  i n  each 

quadrangle. 

Table 1 

Southeastern Alaskan Gravity Covera~e by Quadrangle 

Number of Number of 
Quadrangle Sta t ions  Quadrangle Stat ions 

Prince Rupert 126 Sumdurn 2 85 
Dixon Entrance 187 
K e  tchikan 5 16 
Craig 692 
Bradfield Canal 49 
Petersburg 588 
Por t  Alexander 8 0 

S i tka 145 
Taku River 5 4 
Juneau 233 
A t  1 i n  4 
S kagway 134 
Yakutat 172 



The t o t a l  nwnber of s t a t i o n s  is  3265. Many of the quadrangles 

cover la rge  por t ions  of Canada and the  P a c i f i c  Ocean, so the  r e l a t i v e  

number of s t a t i o n s  i s  not a good indica t ion  of densi ty of coverage. 

Preliminary r e s u l t s  

The broad gravi ty  coverage i n  the  southern p a r t  of Southeastern 

Alaska permits easy contouring which reveals  the important f ea tu res  of 

the gravi ty  f i e l d .  I n  the  northern p a r t  of the  archipelago, the  da ta  

a r e  s t i l l  l imited t o  a narrow b e l t ,  where contouring i s  more d i f f i c u l t ,  

bu t  where the same regional  fea tures  as i n  the  south may be recognized. 

Even the  contouring based on the  ea r ly  da ta  of Thiel  and o thers  

(1958) revealed t h a t  the  gravi ty  f i e l d  decreased from pos i t ive  simple 

Bouguer anomalies near the western coas t l ine  t o  negative anomalies 

below -100 mgals near the  Canadian border. The new da ta  show t h a t  

t h i s  decrease does not occur i n  a continuous gradient ,  but  i n  two 

gradients  separated by a f a i r l y  f l a t  gravi ty  f i e l d  of pos i t ive  values 

(mostly 0 t o  I 4 0  mgals) over the  western i s lands  of the  archipelago. 

Furthermore, on the boundary between t h i s  f l a t  f i e l d  and the negative 

gradient  on i t s  eas te rn  s ide ,  is  a narrow regional  high, which i s  marked 

by sharp l o c a l  highs associa ted  with known mafic in t rus ions .  The two 

l a r g e s t  pos i t ive  anomalies are a t  opposite ends of the  archipelago and 

occur over the  Haines gabbro body i n  the nor th  and the  Duke Is land mafic 

complex i n  the  south. Smaller g rav i ty  highs along the  intervening trend 

a r e  associated with more l o c a l  mafic outcrops. 

Recent geologic in te rp re ta t ions  (Jones, 1971) suggest t h a t  the  

Paleozoic rocks, which outcrop i n  the  western Is lands ,  may be a fragment 

of o lde r  cont inenta l  rocks displaced from much more southern l a t i t u d e s  



along one of the transform f a u l t s  bounding the Pac i f i c  Ocean. The 

r e l a t i ve ly  high gravity which occurs over these rocks suggests a t h i n  

c rus t ,  so  the section might be considered a th in  r a f t  which could logical ly  

be moved along with an adjoining oceanic plate.  

Much of the rich mineralizat ion of southeastern Alaska occurs along 

the f lanks of the b e l t  of high gravity,and a mare deta i led  study of the 

re la t ionship  between the gravity f i e l d  and the mapped geology may have 

future economic significance. Several of the loca l  gravity lows a r e  

associated with g ran i t i c  in t rus ives ,  so  the dimensions of these may be 

calculated after the densi t ies  of the in t rus ives  and surrounding racks 

have been determined. Comparison of the new land data and the marine 

data obtained by Dehlinger and others (1966 and 1970) w i l l  reveal  the 

offshore extent  of the anomalies and provide information about the 

thickness of sediments beneath the inland marine passages. For example, 

the  marine data show negative anomalies below -30 rngals i n  Clarence S t r a i t  

and Dixon Entrance, where the shoreline anomalies average close t o  +20 

mgals. The resu l t ing  50agal. negative anomaly suggests a sedimentary 

basin th ick enough t o  have petroleum potential .  

The negative gradient on the e a s t  s ide of the cen t ra l  b e l t  of high 

g rav i t i e s  probably represents a thickening c rus t  w i t h  a smaller contribution 

from low-density g r an i t i c  in t rus ives .  This gradient causes a f a i r l y  con- 

tinuous gravity decrease of about -100 mgals i n  a distance of about 75 

m i l e s  or  1.3 rngals per mile, which suggests tha t  i t  i s  caused by a 

change i n  thickness of the crus t .  Furthermore, i s o s t a t i c  corrections 

calculated by Banks (1969) eliminate most of the  negative anomaly and 



Eurtlbe.;. suggest  that t he  g rad ien t  i s  caused by c r u s t a l  th ickness  changes. 

Local ly the  Simple-Bouguer anomaly may be as s t e e p  a s  5 mgals per  mi le ,  

but  many of these  g rad ien t  changes c o r r e l a t e  b e t t e r  with changes of 

est imated t e r r a i n  e f f e c t s  than w i t h  mapped changes of geologic outcrops. 

Thus t e r r a i n  co r r ec t ions  may be necessary before  the g r a v i t y  data can 

provide maximum geologic  usefulness .  The g r a v i t y  t r a v e r s e s  almost 

reached o r  crossed the  e a s t e r n  Canadian border on the  White Pass and 

Yukon Railway, t h e  Taku River ,  t h e  Whiting River ,  the  S t i k i n e  River, 

and t h e  Por t land  Canal. I n  a l l  of t hese  t r a v e r s e s  except  the S t i k i n e  

River,  t he  lowest g rav i ty  anomalies were measured west of t h e  i n t e r -  

n a t i o n a l  boundary, and the anomalies then r i s e  towards l e s s  negat ive 

values e a s t  of t h e  border.  
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