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ULTRAVIOLEX! ABSOIEPION AND LmII'JESCENCE ENVESTIGATIOEJS 

PROGRESS FIEPORT * 

by 
H **X 

W i l l i a m  R, Hemphill and Samuel U, Carnahan 

An ultraviole-t i.magi.ng system, developed by t h e  Westinghouse Elec t r ic  

Coxporation, i s  being investigated f o r  remote detection of luminescent 

minerals and rocks a s  well as f o r  &iscriminating among non-lmineseing 

materials on the  bas is  of absorption of u l t rav io le t  energy between 33002 

and 41008 wavelengths. Basic opera%i.onal components of the  system include 

an u l t rav io le t  transmit%er employing a flying spot scanner, and an image 

dissector receiver so designed tha t  i t s  f i e l d  of -view is limited t o  an area 

s l ight ly  larger  than the  tsansmitder spot; t he  scan of t h e  tsansmit-ter spot 

and the  receiver f i e l d  a re  synchronized. The receiver output i s  connected 

t o  both a CRT (A-scope) and a video monitor f o r  simu~taneous observation 

and measurement of in tens i ty  of luminescence and/or reflectance. 

In order t o  evaluate the  sysLem9s pe:rforna.nce under outdoor conditions, 

t h e  equipment was mounted i n  a delivery-type van and transporbed t o  

quarries and outcxops i n  the  Baltimore area o Th.mfnescing minerals 

including deweylite, t a l c ,  dolomite, and calci te ,  were imaged at distances 

a s  great as 200 fee t ,  Also, outcrops and t e r r a in  features  were imaged 

%ark performed under ,NASA Contract No, ~- .b46  
*we S, Geological Survey, Washfngton, D, C. 

X*-x.Westinghouse Electr ic  Corporati on, Bal"eimore, Mary-land, 



by means of reflected ulatraviole-b l ight  at distances as  great a s  75 fee t ,  

This work was done a t  night i n  order do avoid solar  raddation. i n  the  

u l t rav io le t ,  It was noted t h a t  some features, such as  rock Fractures 

and mineralized veins, seem t o  display more image contrast when imaged 

by ref lected ul t raviolet  1igh"chan i n  natural l i gh t ,  

The present system, having been original2y designed f o r  another 

purpose, i s  not very ef f ic ien t  f o r  our application, Because of the  

l imited success of these f i e l d  t e s t s  of Less-than optimum instruments, 

an improved ul t raviolet  imaging system u t i l i z ing  a transmitter peaking 

a t  2600g, improved optics and c i r cu i t ry  w i l l  be constructed. Appreciable 

so lar  energy a t  wavelengths shorter t b n  29008 is absent at or  near the  

e a r t h q s  surface. Thus, an act ive system, such a s  the  one t o  be bu i l t ,  

would provide the only mechanism f o r  remotely s-timu1atin.g L ~ n e s e e n c e  

and fo r  imaging t e r r a in  feakures a t  these wavelengths. Moreover, i n  

t h i s  region where solar  radiation is  minimal, imaging of t e r r a i n  features 

by means of reflected u l t rav io le t  l i gh t  could be conducted during day- 

l i gh t  hours, thus f ac i l i t a t ing  f i e l d  opemhions, 



INTRODUCTION 

Purpose and scope. -- The ul t raviolet  video imaging system, developed 

by Westinghou.se Electr ic  Corporation, was i n i t i a l l y  designed a s  an imaging 

device f o r  use i n  low f lying a i r c ra f t ,  The objective of the present study, 

described herein, i s  t o  appraise %he s u i t a b i l i t y  of t h i s  system f o r  remote 

detection of luminescent minerals and rocks as  well a s  f o r  discriminating 

among non-luminescing rocks on the  basis  of absorption of electromagnetic 

energy between 3300g and 41002 wavelengths. General operation of the  

ul t raviolet  imaging system i s  described by Hemphill and Gawasecki ( ~ 6 4 )  , 

The study i s  divided in to  -three phases, Phase I involved indoor 

t e s t s  using the  ewpment t o  image handspecimens of various luminescing 

and non-luminescing minerals. These t e s t s  were completed October 27, 1964 

( ~ e m p h i l l  and Gawarecki, ~ 9 6 4 ) ~  Phase 11 i s  similar t o  Phase I except 

tha t  the  t e s t s  were conducted outdoors, bulk samples were used, and 

meteorological conditions were recorded. In Phase PII, t he  equipment 

was mounted i n  a vehicle and t e s t s  were performed i n  the  f i e l d  where 

luminescing minerals occur. 

Phase I1 and P b s e  111 t e s t s  have been completed and %he resu l t s  

a re  described i n  t h i s  report. 



The cooperation of o f f i c i a l s  of Harry T. Campbell and Son, and the  

A m d e l  Corporation, both of Baltimore, Maryland, i s  grateful ly  acknowledged. 

Both of these organizations permitted repeated da J and night visi , ts  t o  

t h e i r  quarries i n  the  Baltimore area, 

PHASE &I 

Procedure,-- I n  order $0 evaluate some of the  c r i t i c a l  l imitations i n  

an out-door operation, t he  imaging system was ins t a l l ed  i n  a roof-top t e s t  

room on one of the  hangars at the  Westinghouse plant, Friendship Airport, 

Baltimore ( f i g ,  l)., The equipment was positioned i n  the  room so tha t  t he  

t ransmitter-receiver could be inclined and directed through an open window 

downward toward t h e  ground where s i x  trays, con-baining bulk samples of 

luminescing minerals, were arranged ( f ig .  2) .  The distance between the  

t r ays  and the  transmit-ter-receiver was 45 feet .  Layout of the  t rays  and 

the  ident i f icat ion of the  minerals occlrpying each t r a y  i s  shown i n  

Appendix A, 

Stencils, prepared from posterboard painted f l a t  black, were used 

t o  simulate 50 percent, 75 percent, and 88 percent contamination of the 

samples by non-lwainescing materials. The s tenci ls  were constructed 

s l ight ly  smaller i n  overall  s ize  than the  inside dimensions of the  sample 

trays; i n  t h i s  way the  s t enc i l  could be placed inside the  t r a y  direct ly  

on top of the  sample, 



F i l t e r s  (Appendix B) were introduced i n  t h e  receiver t o  l i m i t  t he  bandpass 

t o  discrete par t s  of the  vis ible  spect~wn. This work was similar -to t h a t  eon- 

ducted i n  Phase I; it was undertaken i n  order t o  de-termine the  su i t ab i l i t y  of 

the  imaging device i n  determining the  1 ~ n e s c e n c e  signature of specific minerals, 

Throughout the  Phase I1 study, the t ransmit ter  was f i l t e r e d  with a Corning 

7-54. Use of t h i s  f i l t e r  was necessary because the  transmitter 's  P-16 phosphor 

peaks a t  3700 2 ( ~ p ~ e n d l x  C) near the  v is ib le  spectrum; thus, the  Corning 7-54 
0 

res t r ic ted  t h e  t ransmit ter  output t o  wavelengths shorter than kt00 A ( ~ ~ p e n d i x  B). 

Unfortunately, however, t h i s  f i l t e r  a lso reduced the  tsansmitter s peak output 

by about 30 percent, 

During f ive  evenings i n  mid-November, the  samples were imaged using the  

contamination s tenc i l s  and transmitter and receiver f i l t e r s  noted above. I n  

addition, air  temperature and re la t ive  humidity were observed, The resul%s 

of the  t e s t s  a re  noted i n  terms of temperature and re la t ive  hmidi ty,  moonlight, 

efficiency of the  transmitter tube, a s  well a s  %he effect  of contaminants on 

the  imaging a b i l i t y  of the  system. 

Transmitter tube,-- One of the  most important factors  aTfecting the  

overall  performance of the  imaging system i s  t h e  r a t e  of reduction of output 

efficiency and short l i f e  of the  P-16 txansdt-t;er tube, Power output of a 

new unf i l te red  t ransmit ter  tube i s  about l0  mi&lhi~mtts, Appendrix D shows 

tha t  the  output of the  tube i s  reduced by 50 percent a f t e r  only LO hours of 

operation. Many tubes appearedto lose t h e i r  efficiency a t  an even f a s t e r  

rate; most tubes shattered a f t e r  l e s s  than f ive  hours use. An excep'cion i s  

the  tube used throughout Phase 1 and re ins ta l led  on November 19, during Phase 11, 



It i s  estimated tha t  t h i s  tube was operated fo r  more than 100 hours, Wow- 

ever, t he  Lube was unique i n  that ,  inadvedently, no binder was used t o  

adhere the  phosphor t o  t h e  glass; apgarently, t h i s  manufacturing tecknique 

great ly  lengthened the  tube l i f e  and reduced the  r a t e  a t  whlch the  output 

efficiency depreciated. 

Figure 4 shows the video monitor image when an old P-16 tube was being 

used i n  the  transmitter; the  receiver was f i l t e r e d  with a Corning 3-73. 

By comparison, figure 5 shows the  video monitor l e s s  than one hour l a t e r  

when a new P-16 tube has been substituted. Not only i s  the  phosphate more 

strongly imaged, but, i n  addition, images of the  calci te ,  colemanite, and 

f luo r i t e  samples can a lso  be seen. Figures 6 and 7 show a similar com- 

parison with a Kodak 8 ( ~ - 2 )  f i l t e r  ins ta l led  i n  the  receiver. 

.-- Cursory studies of the effect  of relat ive humidity 

strongly suggests tha t  t h i s  factor  has surprisingly l i t t l e ,  i f  any, effect  

on the  a b i l i t y  of the  system t o  image reflected ultravi.olet l igh t  o r  t o  

detect luminescence, a t  leas t  a t  the  subject distances involved i n  the  

Phase I1 t e s t s ,  

On the  evenings of November 17, 19, and 20, re la t ive  humity w a s  55 , 

percent, 93 percent, and 62 percent, respectively; similarly, a i r  temperature 

was 48 degrees, 51 degrees, and 40 degrees each evening when the  t e s t s  were 

made. The moon was e i the r  obscured by clouds or  shaded from the samples 

by nearby buildings. Although the  transmitter tube used on November 17 

had been operated f o r  about nine hours, several times l e s s  than the  tube 

used on November 19 and 20, the output efficiency of both tubes appeared 

t o  be about the same, despite deterioration of output with age sho~m i n  



Appendix D. T h i s  may be due t o  unique "cc'higues used in -the manufacture 

of the  older tube (see page 6 ). 

Figures 8, 9, and 10 show the A-scope peaks of " e h e  willeni-ke (with 

ca lc i te )  sample and the phosphate ssample on each of the three evenings, 

On November 1 7  and 19, the impulse recorded f o r  the  Ml lemi te  and 

the  phosphate was about 50 mv and 150 mv re~pective.1.y~ A s l igh t ly  higher 

impulse was recorded on November 20 fur both samples; however, t h i s  was 

a t t r ibuted  t o  adjustments of both t h e  transmitter and receiver which 

increased the sensi-bivity of the system, On November 19, during the  time 

tha t  measurements were made, v i s i b i l i t y  a t  Friendship Airport, l e s s  than 

one mile away, was l e s s  than 118 mile, according t o  the U. 8. Weather 

Bureau, Bzspite t h i s  low v i s i b i l i t y  and high humidity on. November 19, 

both +-scope t races  (f igs .  8, 9, and 10) and video monitor images 

( f igs .  11, 12, and. 13) f o r  a l l  three evenings compare favorably. 

.-- Moonlight shining d i rec t ly  on the  samples adds back- 

ground noise t o  the  image, thereby obscuring weak signals and reducing 

background contrast with stronger signals, 

Figure 1 4  shows t h e  video monitor images of f ive  of the s i x  samples 

taken with a Kodak 8 ( ~ - 2 )  f i l t e r  i n s t a l l ed  i n  the receiver; the f u l l  moon 

i s  obscurkd. by a cloud. Figure 15 was taken f ive  minutes l a t e r  when 

the  mosh had emerged and was shining direc-tly on t3e  upper part  of the  

f i e l d  of view, including %he sample t rays  i n  the  top row. Although both 

samples can be distinguished, t he  ca l c i t e  with sulfur, on the left, i s  

nearly 0bscur1&~ by backgromd rasise, 



Similarly, automobile headlights, bu.l$ding l ights ,  and other sources 

of ambient l igh t  increased b a c e r o m d  noise and reduced image contrast ,  

F i l te rs , - -  I n  order t o  evaluate the  sui%abili%y of the imaging 

system i n  determining the  luminescence signature of specific minerals, 

various f i l t e r s  were introduced i r ~  %he receiver t o  l i m i t  %he bandpass t o  

discrete par t s  of fhe vis ible  spectrum beyond 4000 2. These t e s t s  were 

repeated on each of the f ive  evenings thak the  Phase 11 t e s t s  were con- 

ducted; however, the  best resuZ%s were obtained on November 13 when a 

new P-16 transmitter tube had been instal:ed, These resu l t s  a re  dis- 

cussed below, 

Figire  16 shows the  video monib;or image nf the  s ix  bulk s a ~ n p l e ~  hjased 

i n  %he Phase :TI t e s t s ,  Because the  reee2ve.r was not f i l t e redp  t h e  images 

show reflected ~11-tra,violet l i gh t  a s  wel l .  a s  any iwrLinescence tha t  the  

specimens my be e r n b i t i n g .  The two samples i n  the top row are  darker 

i n  tone "can the  other four samples imaged i n  figure 16, However, t h i s  

tona l  dis t inct ion i s  due t o  a vignetting effect  dependent upon the  

adjustment of the r a s t e r  sweep of the  receiver, rather than t o  any 

difference i n u l t rav io le t  a b s o ~ d i o n  between the  samples, 

Figure 17 shows the  video monitor images a f t e r  a Corning 3-73 f z l t e r  

was ins ta l led  i n  %he receiver; -$his f i l t e r  r e s t r i c t s  %he bandpass t o  

wavelenglths longer than 4000 8. Gain has been increase8 t o  maximum. 

Luminescence of phosphate a t  t he  middle right and f luo r i t e  a% the Lower 

l e f t  are  strongly imaged, Colemnite and calci-be may be clearly seen 

a t  the  lower r ight  and upper r i g h t  respec-bively. Ca,lci-r;e with lfmesGone 



i s  weakly v is ib le  a t  t he  upper l e a ;  w i l l e d t e  i s  f a i n t l y  imaged Lo the  

l e f t  i n  the  middle row. 

Figure 18 shows the  video monitor image a f t e r  a Corning 3-72 f i l t e r  

was installed; t h i s  f i l t e r  r e s t r i c t s  the bandpass t o  wavelengths longer 
0 

than 4300 A. Luminescence of the  phosphate i s  the most strongly imaged, 

followed by f luori te .  The colemanite and ca lc i te  a re  about equal i n  

image brightness. The ca lc i t e  i n  limestone i s  weakly visible.  Willemite 

cannot be seen. Although luminescence of WillPmite peaks a t  5250 1 
0 

(excitation wavelength: 3650 A, Fischer and Daniels, 1964, Appendix 11) 

well within the  bandpass of the Coming 3-72 f i l t e r  ( ~ p ~ e n d i x  B), i t s  

disappearance here i s  due t o  f ac t  t ha t  luminescence of t h i s  bulk sample 

i s  l imited t o  about 20 percent of the  surface area of the  sample tray. 

Figure 19 shows the  video monitor image a f t e r  a Kodak K-4 f i l t e r  

has been ins ta l led  i n  the  receiver; t h i s  f i l t e r  r e s t r i c t s  the bandpass 

0 
t o  wavelengths longer than 4500 A* Phosphate continues t o  show strongly, 

followed by f luori te ,  colemanite, calci te ,  and ca lc i t e  i n  limestone. 

Figure 20 shows the  video monitor image af te r  a Kodak 8 ( ~ - 2 )  f i l t e r  

has been ins ta l led  i n  the  receiver; t h i s  f i l t e r  r e s t r i c t s  the bandpass 
0 

t o  wavelengths longer than 4700 A. Phosphate, though the  strongest mineral 

imaged, i s  significantly weaker than before, Fluorite i s  weaker than 

the  phosphate, followed by colemanite and calcite,  about equal i n  intensity.  

Weakest image i s  the  ca l c i t e  i n  limestone, 



Figure 2 1  shows t h e  video monitor image a2"ter a ICodak 1 5 G  f i l t e r  

has been i n s t a l l e d  i n  t h e  receiver; t h i s  f i l t e r  r e s t r i c t s  t h e  band-pass 
0 

t o  wavelengths longer than 5100 A, Phosphate continues t o  image t h e  

strongest; f l uo r i t e ,  colemanite, c a l c i t e ,  and c a l c i t e  i n  limestone a r e  

about equal i n  image brightness.  

Figure 22 shows t h e  video monitor image a f t e r  a Ko&k 16 f i l t e r  has 

been i n s t a l l e d  i n  t h e  receiver; t h i s  f i l t e r  r e s t r i c t s  t h e  bandpass t o  

wavelengths longer than  5200 2. Image i n t e n s i t y  of a l l  t h e  samples i s  

about t h e  same a s  described above f o r  f igure  21. 

Figure 23 shows t he  video monitor image a f t e r  a Ilodak 22 f i l t e r  has 

been i n s t a l l e d  i n  t h e  receiver; t h i s  f i l t e r  r e s t r i c t s  t h e  bandpass t o  

0 
wavelengths longer than 5450 A. Phosphate, though c lea r ly  I~eaker than i n  

Cigure 22, i s  s t i l l  t h e  b r igh tes t  image. Fluor i te ,  colemanite, and- 

c a l c i t e  a r e  wea1Ll.y v i s i b l e  and about equal i n  in tens i ty .  Sample con- 

t a in ing  c a l c i t e  veins i n  limestone i s  not v i s ib le ,  

I n  comparison, images of both t h e  phosphate and t h e  colenia,nite 

samples a r e  considerably l e s s  br ight  than t he  hand specimens of these  

same minera,ls used i n  t h e  Phase I t e s t s  ( ~ e m p h i l l  and Gawarecki, 1964, 

1.1. I 15-16a). This i s  probably due t o  t h e  f a c t  t h a t  i n  t h e  Phase I t e s t s ,  

hand specimens were se lected individual ly  on t h e  ba s i s  of t h e i r  i n t e n s i t y  

of luminescence, whereas i n  Phase I1 t e s t s  unselected bullr samples were 

used. 

Distinguishing t h e  minerals on t he  bas i s  of luminescence signature 

was inconclusive, i n  par t ,  because of t he  s im i l a r i t y  i n  spec t ra l  charac- 

t e r i s t i c s  of luminescence between t he  minerals studied a,nd, i n  par t ,  

because of 1irnita.tions i n  spec t ra l  response of the receiTier i n  the  

LO 



visible  region, Appendix A shows the  estimated percenkage of surface 
0 

area i n  each bulk sample t r a y  tha t  iuninesces lander a lo~lgwave (3660~)  

mineral l ight ;  samples i n  the  order (decreasing) of t h e i r  area of 

luminescence a re  a s  follows : calci te ,  phosphate, f luori te ,  colemanite, 

willemite, and ca ic i te  veins i n  limestone, This order of re la t ive  

brightness i s  generally retained i n  figures 17-23 a s  f i l t e r s  a re  

introduced which l imit  bandpass t o  progressively longer wavelengths 

(an exception, the  ca l c i t e  sample, luminesces comparatively weakly, 

despite i t s  extensive area) ,  Thus, progressive reduction i n  image 

in tens i ty  appears t o  be due t o  the  attenuating effect  of the  f i l t e r s  

rather  than t o  any spectral  difference i n  luminescence between the  

samples, This poss ib i l i ty  f s reaffirmed by the  fac t  t ha t  a l l  the  

samples, except willemite, luminesce white, Moreover, response of 

the 8-13 CBS image dissector i s  reduced a t  wavelengths longer than 
0 

4500 A (Appendix C ) ,  

Contaminants,-- In  order t o  evaluate the  effect  of nonluminescing 

contaminants, cardboard s tenc i l s  were introduced i n  the t rays  

direct ly  on top of the  mineral samples. Three se t s  of s tenc i l s  

were used representing 50 percent, 75 percent, and 88 percent contami- 

nation, The 50 percent set  consisted of half-inch s t r i p s  of cardboard, 

painted f l a t  black, a l ternat ing with half-inch spaces. The 75 percent 

set  consisted of three-fourths inch cardboard s t r i p s  and quarter-inch 

spaces, The 88 percent se t  consisted of seven-eights inch s t r ip s  and 

eight-inch spaces, Spaces were oriented i n  a direction perpendicular 

t o  the direction of the  ras te r  scan, Figure 24 shows the  vldeo monitor 



~ r i t h  t h e  50 percent s t enc i l s  covering t h e  samples; images of t he  ha l f -  

inch s t r i p s  of t h e  cardboa,rd s t e n c i l  may be seen across t he  short 

dimension of two of t h e  t r ays  i n  t h e  lower l e f t ,  Because t h e  receiver  

i s  not f i l t e r e d ,  images shown i n  f igure  24 represent re f lec ted  u l t r a -  

v io le t  l i g h t  a s  well  a s  any luminescence thtit  t h e  minerals may be 

exhibit ing.  This photograph was taken November 13, l e s s  than one 

hour a f t e r  a new t ransmit ter  had been i n s t a l l ed ,  

Figures 25 tlirough 28 were talcen November 20 and shop7 t h e  video 

monitor images of t h e  s i x  samples under various degrees of contamination. 

Relative humidity was about 65 percent; although t h e  moon was out during 

par t  of t h e  evening, t h e  samples l a y  i n  t h e  shadow of t h e  hangar. The 

t ransmi t te r  tube had been used more than 75 hours. 

Figure 25 shows t h e  video monitor images of f ixe of -the samnples 

alft,er a Coming 3-73 f i l t e r  pias i n s t a l l e d  on t he  receiver, thus r e s t r i c t -  

ing t h e  bandpass t o  v i s ib le  l i g h t  o r  1~11li.nescence. The phosphate sample 

i s  strongly imaged; only t he  willemite sample i s  not v is ible .  

Figure 26 i s  s imilar  t o  f igure  25, except t h a t  a cardboard s tenc i l ,  

siinulating 50 percent contamination, has been introdu-ced on top of 

t h e  samples. A l l  images v i s ib le  i n  f igure  25 adre a l so  v i s ib le  here, 

but more wealr;ly, pa r t i cu la r ly  t h e  c a l c i t e  i n  limestone sample i n  

t he  upper l e f t .  

Figure 27 and 28 show the  video monitor images of t he  samples a f t e r  

75 percent and 88 percent conta,mintition s tenc i l s ,  respectively, have 

been introduced, A l l  inlages v i s i b l e  i n  f igure  26 a r e  weakly imaged 

i n  f igure  27, However, only t he  phosphate sample i s v i s ib le  i n  

1_2 



f igure  28 dernonstracting t h a t  with power output capabil.ities o r  t h e  

equipment, only very strongly luminescing minerals can be detected 

where surface contamination o r  cover i s  excessive, 

Nevertheless, t h e  a b i l i t y  of t h e  system t o  image highly contam- 

inated. samples i s  surpr is ingly  good when a, new t ransmi t te r  tube i s  

used. Figure 29 ( ~ r a n s m i t t e r  tube, p . 5  ) i s  s imilar  t o  f igure  28 

except t h a t  a new t ransmi t te r  tube has been insta,lled. I n  f igure  29 

t h e  image of phosphate, a s  well  a s  f luor i t e ,  colemanite, and ca lc i t e ,  

can be seen i n  s p i t e  of t h e  88 percent contamination s tenc i l .  That 

t h e  colemanite i s  v i s i b l e  i s  pa r t i cu l a r l y  surprising inasmuch as 

only 40 percent of t h e  surface area of t h e  sample luminesces 

(Appendix A ) .  

PHASE I11 

Procedure.-- I n  order t o  eva,luate some of t h e  c r i t i c a l  l imi ta t ions  

i n  imaging luminescence of rock outcrops under field. conditions, t h e  

imaging equipment was i n s t a l l e d  i n  a delivery-type van ( f i g .  30-A). The 

t ransmit ter- receiver  was posit ioned i n  t h e  van so t h a t  it could be 

di rected through t h e  r ea r  doors toward t he  rocli e q o s u r e s  t o  be imaged. 

A video monitor was used f o r  image display a s  i n  Phases I1 and 111. 

Power f o r  t h e  system was provided by a portable gasoline generator. 

The equipment was used t o  image rock i n  quarries and outcrops, 

most of l ~ h i c h  a re  located i n  t h e  Baltimore- Washington area ,  



Five loca l i t ies ,  where luminescing minerals \\rere detected, are  discussed 

below. 

Cavetown Quarry, -- The Cavetown Quarry i s  located i n  the  vi l lage of 

Cavetown, four miles east  of Hagerstown, Maryland, on Sta te  Highway 64 

(figo 30). The quarry, now inactive, exposes thick-bedded and massive 

gray limestones of Early Paleozoic age. The rocks dip generally westward 

and a re  strongly jointed, Two caves open in to  the  quarry; one i s  located 

a t  the  extreme southern end of the  quarry and the other i s  i n  the  west 

face of the  north-central part .  Calcite ( c ~ c o ~ ) ,  derived from cave 

deposits and fracture f i l l i ngs ,  i s  abundant i n  the  boulder and cobble 

debris along the  base of par t s  of the  west face. Some of t h i s  ca l c i t e  
0 

luminesces under a longtrave (3600 A) ul t raviolet  mineral lamp, 

Tests were conducted i n  the  quarry during the  evening of December 

7, 1964. A i r  temperature ranged between lgO F and 21' F; t he  moon did 

not appear daring the  t e s t s ,  The vehicle was parked i n  the  cent ra l  par t  

of the  quarry on a Level about s ix  f ee t  above the  quarry f loor ,  The 

rear  door opened toward the debris a t  the base of the  west face, 

The image a t  t he  center of f igure 31 i s  a luminescing ca lc i t e  boulder, 

56 fee t  from the  transmitter-receiver. That part  which luminesces i s  a 

moderately fresh surface about 8 by 18 inches i n  area; although the  

boulder i s  larger, i t s  weathered surface luminesced very weakly, i f  a t  

a l l ,  when exposed t o  a longwave mineral lamp, The image, i n  the  l o t ~ e r  

right,  represents a cobble, of which an area of only 2 by 4 inches i s  

exposed t o  the transmitter-receiver more than 50 fee t  away, 



Figure 32 shows t h e  sane area a s  i n  f igure  31 but without f i l t e r s  on 

e i t h e r . t h e  t ransmi t te r  o r  receiver; thus t he  receiver  i s  regis ter ing 

re f lec ted  u l t r av io l e t  l i g h t  ads well a s  any luminescence t h a t  may be prcsent.  

Comparison with f igure  31  shows t h a t  thgse areas which luminesced i n  

f igure  31 a r e  among t h e  b r igh tes t  i n  f igure  32; t h i s  i l l u s t r a t e s  a  possible 

appl icat ion of an u l t r av io l e t  imaging system i n  enhancing image contrast  

and f a c i l i t a t i n g  t h e  mapping of some rock un i t s  t h a t  contain luminescing 

minerals. 

Figure 33 sho~rs a  conventional photograph of t h e  sane area. Corner 

marks on t h e  photograph delimit t h e  a.rea covered i n  f igures  31 and 32. 

A shoulder bag, included f o r  scale, l i e s  imnledia-tely l e f t  of t he  photo- 

graph center on top  of t h e  same br igh t ly  imaged boulder seen i n  f igures  

31  and 32. Although t h i s  boulder i s  a  well-defined, l ight-toned image 

i n  t h e  photograph, other features  t h a t  luminesced under u l t r av io l e t  l i g h t  

a re  not strongly contrasted i n  t h e  photograph; f o r  example, t h e  image 

indicat ing luminescence t o  t h e  l e f t  of t h e  large  boulder i n  f igure  31 

i s  not c l ea r ly  seen i n  f igure  33. 

Comparison of f igures  32 and 33 i l l u s t r a t e  t h e  marked laxk of image 

d e t a i l  i n  t h e  u l t r av io l e t  imagery; holrever, design ref  inenlent s  and 

c i r c u i t r y  modifications a r e  expected t o  s ign i f ican t ly  improve t he  

resolution and image qua l i ty  of t h e  u l t  ravioie t  imaging system, 



Figure 34 i s  t h e  video monitor irnage seen when t h e  t ransmit ter-  

receiver i s  d i rected towa,rd t h e  quarry fa.ce above t h e  debris  imaged i n  

f igures  31  and 32. The t ransmi t te r  i s  f i l t e r e d  with a Corning 7-54 and 

t h e  receiver  ~ i t h  a Corning 3-73. The luminescence imaged i n  f igure  34 

i s  apparently due t o  secondary c a l c i t e  deposited i n  f rac tures  i n  t h e  

l i~~les tone ,  although t h i s  could not be ver i f i ed  because t h e  c l i f f  face  

was not read i ly  accessible. Distance from t ransmit ter- receiver  t o  

t h e  face i s  110 f ee t .  

Figure 35 shows t h e  same area a s  i n  f igure  34 but with o n l y t h e  

t ransmi t te r  f i l t e r e d  with Corning 7-54; f igure  35 shows features  

imaged with t h e  a i d  of re f lec ted  u l t r av io l e t  l i g h t  a s  wel l  a s  any 

luminescence t h a t  may be present. Image qual i ty  i s  reduced, compared 

with f igure  32, because of t h e  g rea te r  distance. 

Figure 36 shows a conventional photograph of t h e  sane area; 

comer  marks on t h e  photograph delimit t h e  area covered i n  f igures  

34 and 35. Detai l  v i s i b l e  i n  t h e  conventional photograyh i s  not 

readi ly  i den t i f i ed  i n  f igure  35; t h i s  shortcoming i s  due t o  t h e  

equipment s l imi ta t ion  i n  resolution; it i s  expected t h a t  c i r cu i t ry  

modifications now planned w i l l  g rea t ly  improve image qua l i ty  and 

resolution of t h e  u l t r av io l e t  irnaging system. 

Barehi l ls  Quarry.-- The Barehi l ls  Quarry i s  located about one mile 

north of t h e  Baltimore c i t y  l im i t s  on Fa l l s  Road near i t s  junction with 

Old Pimlico Road ( f i g  . 30) . The quarry, now abandoned, once prodluced 

s e ~ e n t i n e  ( 3  Mg Ob2S*02"2%0)  f o r  use. a s  a building stone. 



Tests  were conducted i n  t he  qua,rry during t h e  evening of Deceniber 8, 

1964; during t h e  t e s t s  no moon appeared and a i r  temperature was 35' Fe  

The r ea r  door of t h e  vehicle opened toward an a rea  of t h e  north face  

of t h e  quarry about 70 f e e t  west of Fa l l s  Road. 

Figure 37 shows t h e  video monitor image of luminescing dolomite 

deposited i n  f rac tures  i n  t h e  serpentine. The br igh tes t  image represents 

an area of about 3 by 5 inches on t h e  quarry face.  The l e s s  br ight  area 

surrounding t h i s  image represents t h i n  discontinuous veins and loose 

c a ~ g ( c 9 ~ ) ~  
fragments of d ~ l o m i t e ~ a s  well a s  a small amount of decayed vegetal 

material .  The rock face i s  23 f e e t  from t h e  tra,nsmitter-receiver. 

I n  f igure  38, t h e  receiver f i l t e r  has been removed so t h a t  lumin- 

escence a s  wel l  a s  re f lec ted  u l t r av io l e t  l i g h t  i s  being imaged. The 

bright  area  i n  f igure  37 i s  one of t h e  b r igh te r  areas  i n  f igure  38, 

suggesting t h a t  luminescence may exaggerate o r  enhance image brightness. 

This suggestion i s  supported i n  f igure  39, a c o n - ~ n t i o n a l  photograph of 

t h e  same area; f o r  example, d e t a i l  a t  - a i n  f igure  39 i s  dark-toned and 

generally poorly defined. Any luminescence t h a t  may be present i s  

ovenrhelmed by sunlight. Same area  i n  f igure  38 i s  b r igh t ly  imaged 

and luminescence i s  indicated i n  f igure  37. 

Figures 40 and 41  a r e  s imilar  t o  f igures  37 a,nd 38 except t h a t  t he  

distance from t h e  t ransmit ter- receiver  t o  t h e  face i s  50 fee t .  Spot 

with poorly defined image surrounding it can be seen i n  f igure  40, but 

l e s s  b r i gh t l y  than i n  f igure  38. Signals recorded i n  t h e  margins of 

t he  lnonitor screen i n  f igure  40 represent background noise. Detai l  i n  

f igure  4 1  i s  poorly defined because of inadequate power density and 

resolution a t  t h i s  distance, 
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s imilar ly ,  f igure  42 i s  t h e  same a s  f igure  38 except t h a t  the  

distance from t h e  rock face has been increased t o  75 f ee t .  Spot, 

s l i g h t l y  b r igh t e r  than t h e  background noise l e v e l  i n  f igure  42, 

indicates  luminescence of t h e  same area  seen i n  f igures  37 and 40; 

however, area  around t h e  cen t r a l  spot, noted i n  f igures  37 and 40, 

cannot be distinguished from background noise i n  f igure  42. 

Delight Quarry. -- The Delight Quarry i s  located i n  Baltimore 

County on Nicodemus Road; one mile west of Delight, ' ~ a r ~ l a n d  ( f i g .  30). 

The quarry i s  i n  a serpentine dike intrtl-ded i n  t h e  Wissahickon Schist .  

Tests  were conducted on t h e  eas t  face of t h e  upper l e v e l  on t he  

0 
evening of December 10, 1964. A i r  temperature tms 26 F. I n  f igure  

43 t h e  video monitor image indicates  luminescence of a mineral of t h e  
( 4Mg0.3Si02.6~~0. 

serpentine group, probably detreylite which i s  exposed i n  r e t i cu l a t i ng  d 
veins of magnesite a s  much a s  s i x  inches t h i ck  i n  t h e  rock face. 

Distance of t h e  t ransmit ter- receiver  from t h e  face  i s  64 fee t .  A 

l i n e a r  pa t t e rn  i s  suggested by t h e  configuration of t h e  luminescing 

areas. 

I n  f igure  44, t h e  receiver f i l t e r  has been removed so t h a t  

lminescence a s  well a s  re f lec ted  l i g h t  i s  being imaged. Brighter 

areas, indicat ing luminescence i n  f igure  43, a r e  shown a t  - a.  As a t  

Barehi l ls  and a t  Cavetown quarries, among t h e  b r igh tes t  images a re  

those areas  which contain luminescing minerals, 



I n  f i gu re  45, a conventional photograph, - a shows areas indica'cir~g 

luminescence i n  f igure  43, Fractures o r  join-t.sj which appear as very 

dark--toned images i n  f igure  44, a r e  shown a t  2; v e r t i c a l  joint  t o  r i gh t  

of center  and r ight-angle jo int  in te r sec t ion  t o  t h e  l e f t  of center  a r e  

not boldly imaged i n  t h i s  photogra,ph. It i s  not understood why these  

fea tu res  a r e  imaged so strongly i n  f igure  44. 

Figure 46 i s  t h e  same a s  f igure  43 except t h a t  t h e  distance frorn 

-the rocl.: f ace  has been increased t o  100 f e e t .  

Tes ts  were conducted on t h e  inaccess ible  e a s t  face  of t h e  lover  l e v e l  

011 t he  evenings of January 5 and 6, 1965; temperatures ranged bet~reen 

0 
32 F and 27'~; n~oonlight was not s ign i f i can t .  I n  f igure  47 t h e  video 

inonit o r  image ind ica tes  luminescence of an uiiidentif i e d  mineral, probably 

of t he  serpentine group, which i s  exposed i n  r e t i cu l a t i ng  veins of 
(mco3 

mnagnesite,throughout -the roclr face. Distance from t h e  face  i s  75 f ee t .  

Figure 48 i s  a photograph of t he  video monitor iinage of t h e  same area, 

but with t h e  receiver  f i l t e r  removed so t h a t  r e f l ec ted  u l t r av io l e t  

l i g h t  i s  being received a s  well as luminescence. A sinuous feature, 

concave upward, e,xtends from near t h e  l e f t  margin through t h e  center  of 

photograph; t h i s  f ea tu re  i s  in te rpre ted  t o  be one of t h e  l a rger  veins 

of lnagnesite, perhaps 10 inches i n  width. Luminescence i n  f igure  47 i s  

shorn i n  a poorly defined area  t h a t  overlaps t h i s  vein; t h i s  i s  probably 

due t o  luminescent mnateria,l i n  smaller veins throughout t h e  area  a s  well  

a s  t o  luminescent d e t r i t a l  material.  No evidence of t h i s  f ea tu re  i s  

v i s i b l e  i n  f igure  49, a conventional photograph which includes t h e  

same area ,  



Figure 50 i s  t he  vi , .  image of t h e  same area  shown i n  f igure  47, 48, 

and 49; however, i n  f igure  50, t h e  distance from t h e  rock face has been 

increased t o  200 f e e t .  Luminescence, seen i n  t h e  lower r igh t  center  of 

f igure  50, i s  from the  same a rea  as t h e  luminescence shown i n  f igure  47. 

That luminescence was detected i s  surprising considering t h e  increased 

distance of t h e  rock face from t h e  t ransmit ter- receiver ,  

Area shown i n  f igure  51 corresponds t o  f igure  50; however, here t h e  

receiver f i l t e r  was removed so t h a t  t h e  video monitor i s  exhibit ing 

re f lec ted  u l t r av io l e t  l i g h t  as well  as luminescence. A s  previously 

noted i n  s imilar  comparisons, t h e  b r igh tes t  image i n  f igure  5 1  i s  i n  t h e  

a rea  of maximum luminescence as indicated i n  f igure  50. Detai l  i s  poorly 

defined, however, because of t h e  low resolution at distances g rea te r  than 

75 fee t .  Dark-.toned a rea  i n  lower l e f t  pa r t  of f igure  i s  due t o  spring 

s ~ a t e r  which emerges from t h e  rock face  along a f rac ture  a t  t h e  upper 

margin of t h e  dark-toned area.  

Mamiot t sv i l l e  Quarry.-- The Marr io t t sv i l l e  Quarry i s  located i n  

Baltimore County a t  t h e  in te r sec t ion  of Wards Chapel and Marr io t t sv i l l e  

Roads, about two miles northeast  of t h e  v i l l age  of Marr io t t sv i l l e  ( f i g .  30) . 
The quarry i s  i n  t h e  Cockeysville Marble of Precambrian age. 

Tests  were conducted on t h e  north face  of t h e  quarry during t he  

erening of January 7, 1965; a i r  temperature was 3 3 ' ~  and t h e  moon was 

obscured by low clouds. Figure 52 shows t he  video monitor image of a 

luminescing mineral, t en t a t i ve ly  i den t i f i ed  a s  t a l c ,  ~ ~ M g 3 ( ~ i 0 ) + ) ,  which 

was observed i n  t h e  debris  a t  t he  base of t h e  north face.  The mineral i s  apparently 



derived Prom a serpentine dike trhich intrudes t h e  Cockeysville lvfarble and 

which i s  exposed on t h e  inaccessible north face  of t h e  quarry, Attempts 

t o  observe luminescence of t h e  mineral -- i n  s i t u ,  by di rect ing t h e  

t ransmit ter- receiver  upward toward t h e  rock face, was not successful. 

The t ransmit ter- receiver  was 56 f e e t  from t h e  base of t h e  c l i f f .  

Figure 53 i s  a photograph of t h e  video monitor image of t h e  same 

area, but  with t h e  receiver  f i l t e r  removed so t h a t  re f lec ted  u l t r av io l e t  

l i gh t  i s  being received a s  $Tell a s  luninescence. The br ight  spot i n  t h e  

upper center  of pliotograph i s  a boulder i n  t h e  debris  below t h e  face; 

t he  luminescing pieces of t a l c  i n  f igure  52 a r e  located just  belov ind 

t o  t h e  l e f t  of t h i s  boulder. However, they a r e  not discernible i n  

t h i s  photograph. 

CONCLUSION 

Favorable conclusions indicated by t h e  t e s t s  a r e  a s  follows: 

1. Luminescing minerals may be detected a t  distaiices a s  great  a s  

200 f e e t  using t h e  u l t r av io l e t  imaging system described above. 

By modifying t h e  c i r cu i t l y ,  subst i tu t ing c r i t i c a l  conlponen't par ts ,  

and increasing t h e  t ransmi t te r  output, it may be possible t o  image 

strongly luminescing minerals a t  distances g rea te r  than 500 f e e t  

from t h e  outcrop. 



2. The u l t rav io le t  imaging system ~ m s  used t o  image ou"srops and 

t e r r a in  features on the  basis  of reflected u l t rav io le t  l i gh t ,  

Luminescing minerals a re  among the  brightest  features i n  t h i s  

t h e  of imagery, thus i l l u s t r a t ing  an advcntage of an ul t raviolet  

imaging system i n  enhancing and f ac i l i t a t ing  the  mapping of such 

features as mineralized veins which contain luminescing materials, 

3. High re la t ive  humidity (between 92 and 100 percent) and low 

v i s i b i l i t y  ( l e s s  than one-eighth mile) had surprisingly l i t t l e  

o r  no ef fec t  on imaging capabi l i t ies  of e i the r  luminescence o r  

ref lected u l t rav io le t  l ight ,  a t  l eas t  at subject distances of 

45 fee t  (P-16 Phosphor), 

4. Imaging system was responsive t o  luminescence of bulk mineral 

samples 'at 45 f ee t  subject distance despite contamination by a s  

much as 88 percent of t h e  surface area of t h e  samples by non- 

luminescing material* 

Unfavorable conclusions include Lhe following: 

Circuitry and power l imitations reduced the  m g e  o f t  

t he  receiver, and res t r ic ted  the  distance a% which a reasonably 

good ref lected l igh t  image could be received t o  l e s s  than 75 fee t  

from the  outcrop. However, it i s  expected tha t  redesign of certain 

c r i t i c a l  components w i l l  s ignif icant ly increase the  output power, 

improve both image gray scale, and increase effect ive operational 

distance, 
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2 .  Deterioration i n  efficiency of the  P-16 t ransmit ter  tube within 

short  operational periods s ign i f ican t ly  reduced the  s ens i t i v i t y  

of the  system. Some of t h i s  deter iorat ion i s  apparently due 

t o  tube manufacturing techniques which probably can be elim- 

inated when new tubes a r e  b u i l t .  Other causes a r e  re la ted 

t o  t he  P-16 phosphor spec i f ica l ly  and would not be s ignif icant  

f ac to r  i f  o ther  phosphors were used, 

3. Moonlight, building l ights ,  and other sources of ambient l i g h t  

increased background nolse and tended t o  obscure imagery of 

both luminescence and re f lec ted  u l t r av io l e t  l i gh t .  

Distinguishing the  samples on the  bas i s  of luminescence signature 

was inconclusive, pa r t l y  because the  v i s ib le  emission of the  mineral. 

samples studied were too  similar f o r  s ignif icant  differences i n  lum- 

inescence t o  be detected, and pa r t l y  because c i r cu i t ry  and component 

design of receiver provided only l imited sens i t i v i t y  a t  wavelengths 
0 

longer than 4500 A. 



FUTURE WORK 

An improved u l t rav io le t  imaging system featuring a transmitter 

operable e i the r  i n  continuous wave or  pulsed power modes i s  under studyo 

Both the transmitter and the  receiver of the  newer system w i l l  use 

ref lect ive optics, thus f ac i l i t a t ing  use of a variety of phosphors 

emitting at  varyi.ng wavelengths i n  the u l t rav io le t  s p e e t m .  These 

and other changes i n  -the design of the u l t rav io le t  imaging system 

should s ignif icant ly increase the range, improve gray scale, and 

generally improve system versa t i l i ty ,  

It i s  expected tha t  modification of components and c i r cu i t ry  i n  

the  receiver w i l l  permit remote measurement of decay time or phosphor- 

escence, and hopefully, some correlation can be established between 

decay characteri.stics and specific minerals o r  groups of minerals, 

It i s  a l so  expected %hat improved equipment w i l l  be cspable of 

remotely detecting spectral  differences i n  luminescence between 

minerals; however, direct  idenkification of spepif i c  minerals i n  

terms of t h e i r  luminescence character is t ics  remains t o  be demonstrated, 

t he  kinds and amounts of impurities o r  act ivators  causing 1minescence 

i n  natural  substances a re  extremely variable, not readily defined, 

and commonly cause wide variation i n  luminescence properties. even 

i n  the  same mineral. 



I n  addition, the  upgraded system w i l l  use a short wavelength (2600 2) 

phosphor, recently developed by Westinghouse; t h i s  phosphor w i l l  make 

possible studies i n  t he  deep u l t rav io le t  similar t o  studies described 

above a t  longer wavelengths, Operation i n  t h i s  par t  of the  u l t rav io le t  

spectrum i s  indicated by the  f o l l o d n g :  

1. Some minerals, f o r  example scheel i te  ( C ~ W O ~ ) ,  lumi.nesce under short 

wavelength u l t rav io le t  l i g h t  only. 

2 Eliminating the  v i s ib le  '%ail" from the  t ransmit ter  (and asso- 

c ia ted  problems I n  removing t h i s  v i s ib le  component with 

f i l t e r s )  w i l l  be f a c i l i t a t e d  by using phosphors whose peak 

wavelengths a r e  f a r  removed from the  vi.sib%e spectrum. 

3. Appreciable so la r  radiance a t  wavelengths shorter than 2900 

i s  absent a t  o r  near t h e  ear th  s surface; thus, imaging of 

t e r r a i n  features  a t  shorter  mvele-@hs could be conducted 

during daylight hours, thereby f a c i l i t a t i n g  f i e l d  operations. 

4. Reflected u l t rav io le t  l i g h t  between 2200 2 and 3000 8 may 

reveal diagnostic c r i t e r i a ,  pert inent t o  mapping the  d i s t r i -  

bution of rock mi% s and other  geologic features  not v i s ib le  

at longer wavelengths. Although nearly a l l  energy i s  absorbed 

i n  t h i s  region, preliminary work by Fischer and Gerharz (1964) 

suggests t h a t  such small amounts of ref lected energy may be 

u t i l i z e d  through image enhancing devices and through special  

photographic developing techniques 
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Appendix A, Sketch showing the  layout and dimensions of sample trays,  

ident i f icat ion of minerals i n  each tray, source a,rea of the  

mineral o r  minerals, as  well a s  the  estimated percentage of 

surface area of each sample tha t  lW.nesces under a Pongmve 
0 

(3660 A) ulkraviolet miner&l Light, A l l  samples ~uminesce 

white ox cream, except wi911i.emlte which luminesces green, 

Appendix B, Curves showing the  spectral  t m s ~  ssion character is t ics  

of t h e  Cornfng 7-54, 3-73, and 3-72 f i l t ~ r s  a s  w e l l  a s  the 

following Kodak f i x e r s  : 4, 8, 1 5 G ,  16 a,nd 22,  

Appendix C . Curves sho~d9g spectral  character is t ics  of the  

Westinghouse 2-16 Phosphor and the  CBS S-Q image dissector 

tube, 

Appendix Do Curw showing ozrtpu-k efficiency of the  P-16 phosphor 

a t  30 watts beam power ; ~ f a ' h % ,  1963)" 
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ILLUSTRATIONS 

Figure 1. Equipment setup i n  roof-top t e s t  room. Transmitter, A; 

receiver, B; oscilloscope, C; and video monitor i n  

t h e  l e r t  foreground, 

Figure 2, Orientation of t h e  equipment. The t ransmit ter- receiver  

i s  d i rected through an open window toward t h e  ground 

where s i x  bulk samples of luminescing minerals a r e  

arranged, 

(Xo Figure 3) --- 



Fig. I 



Figure 4. Video monitor image showing luminescence of the  phosphate 

rock sample when an old P-16 transmitter tube i s  being 

used. The receiver i s  f i l t e r e d  with a Corning 3-73. 

The other f ive  samples a re  not visible.  

Figure 5. Video monitor l e s s  than one hour l a t e r .  sake a s  figure 4 

except tha t  a new P-16 tube has been ins ta l led  i n  the  

transmitter,  Not only does the  phosphate rock image 

appear more brightly, but images of the  calci te ,  

f luor i te ,  and colemanite samples can a lso  be seen, 

Figure 6* Video monitor. Same a s  figure 4 except t h a t  t he  receiver 

i s  f i l t e r e d  with a Kodak 8 ( ~ - 2 )  f i l t e r ,  The phosphate 

rock sample i s  very weakly imaged i n  the  r ight  center, 

Figure 7. Video monitor, Same a s  figure 6 except t h a t  a new P-16 

t ransmit ter  tube has been instal led.  The phosphate 

rock sample i s  strongly imaged. 
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Figure 8* A-scope t race  a t  50 mv/cm, November 17, Peaks represent 

reflected ul t raviolet  l i gh t  from the  willemite (with 

calci te)  sample ( l e f t )  and phosphate rock sample ( r igh t )  . 
Despite general homogeneity of the  two samples, t r ace  

tends t o  peak near the  center; t h i s  i s  due t o  a  vignetting 

effect  of the  system which resu l t s  i n  a  weaker signal near 

the  margins of t h e  f i e l d  of view. When t h i s  t race  was 

made, re lat ive humidity was 55 percent, a i r  temperature 

0 
was 48 F, and the  sky was clear ,  

Figure 9, A-scope t r ace  a t  50 mv/cm, November 19. Generally, the 

same conditions prevai l  here a s  i n  figure 8 except tha t  

v i s i b i l i t y  i s  r e s t r i c t ed  t o  l e s s  than 118 mile due t o  fog, 

Figure 10, A-scope t race  a t  50 mv/cm, November 20. Weather conditions 

when t h i s  t race  was made were similar t o  November 17 

(f igure 8), 



F ig .  8 



Figure 11, Video monitor image showing re f lec ted  u l t r av io l e t  

l i gh t ,  November 17, 1964, This image was made a t  

e s sen t i a l l y  t h e  same time and under t h e  same conditions 

as t h e  A-scope t r a c e  in. f igure  8, 

Figure 12, Video monitor image showing re f lec ted  u l t r av io l e t  

l i gh t ,  November 19, 1964. This image was made a t  

e s sen t i a l l y  t h e  same time and -alder t h e  same conditions 

a s  t h e  A-scope t r a c e  i n  f igure  9. 

Figure 13. Video monitor image shoving re f lec ted  u l t r av io l e t  

l i gh t ,  PJbvernber 20, 1964. This image was made a t  

e s sen t i a l l y  t h e  same time and under t h e  same conditions 

a s  t h e  A-scope t r a c e  in f igure  10. 
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Figure 14. Vldeo monitor, Images indicate luminescence of 

a l l  t he  mineral sam2les except the  willemite sample, 

Ful l  moon i s  behind a cloud, The receiver i s  

f i l t e r e d  with a Kodak 8 (K-2) f i l t e r ,  

Figure i5, Video monitor. Same as figure 1 4  except tha t  

photograph was taken f ive  a i n ~ ~ t e s  l a t e r  when the  

moon had emerged and was shining d i rec t ly  on the  

two sample t r ays  i n  the  upper par t  of the  f i e l d  of 

view, Moonlight adds noise t o  the  image and may 

0% scum weaker signals. 
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Figure 16, Video monitor showing a l l  s i x  samples imaged November 13, 

1964, with the  a2.d of refle.:-ted c l t rav lo le t  l igh t  a s  well 

a s  any luminescence tha t  the  specimens may be exhibiting, 

Figure 17, Video monitor, Generally same a s  figure 16 except t h a t  a 

Corning 3-73 f i l t e r  has been ins ta l led  on the  receiver; thus, 

only luminesce3ce is  being imaged. ALE s ix  samples may be 

seen, although the  willemite a% the m-Edd1.e lef% and the  

ca l c i t e  i n  limestone a t  the  upper lei% are  very weakly imaged. 

Tests using various receiver f i l z e r s  were repeated during 

f ive  evenilngs i n  Nov%ber; however, t he  most consistent 

resu l t s  were obtained PJovember 13, when a new P-16 tube 

had been ins ta l led  i n  %he transmitter. These r e su l t s  

a r e  show en f igures  17-23. 

Figure 18. Video monitor. Generally the  same as  figure 16 except 

tha t  a Corning 3-72 f i l t e r  .has been ins ta l led  i n  the  

receiver, Images, indicating luminescence, may be seen 

f o r  a l l  samples except %~ilfl.emi-i;e, 

Figure 19, Video monitor, Generally the szne as  figure 16 except tha t  

a Kodak K-4. f i l t e r  has bees; ir-s"cal1ed i n  the receiver, 

Images, indicatTng Luminescence, may bs seen f o r  a l l  

samples except kzillesnite. 



Figure 20. Video monitor, Generally the  same as  figure 16 except 

that a Kodak 8 ( ~ - 2 )  f i l - te r  has been ins ta l led  i n  the  

receiver, Same images v is ib le  i n  figure 19 a re  seen 

here, but more weaklyP 

Figure 21. Video monitor, Generally t h e  same as  f i g w e  16 except 

tha t  a Kodak 15-G  f i l t e r  has been ins ta l led  i n  the  

receiver. Samples seen with f i l t e r s  used previously 

a re  more weakly v is ib le  here. 

Figure 22. Video monitor. Generall-y the  same a s  figure 16 except 

tha t  a Kodak 16 f i l t e r  has been ins%alled i n  the  

receiver, 

Figure 23. Video monitor, Generally the  same a s  figure 16 except 

that a Kodak 22 f i l t e r  has been instal.1ed i n  t h e  receiver. 

Phosphate rock sample i s  imaged the  most brightly; i n  

addition, calci te ,  colemanite, and f luo r i t e  samples 

a re  very weakly visible.  
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Figure 24. Video monitor, Samples were imaged with t he  a i d  

of reflected u l t rav io le t  l igh t  a s  well a s  any 

lusainescence tha t  t he  minerals may be exhibiting. 

Stencil, simulating 50 percent contamination, i s  

covering the sample; note images of the  half-inch 

s t r i p s  of cardboard across the short dimension 

of the  middle and lower l e f t  t rays,  





Figure 25, Video monitor, A Corning 3-73 f i l t e r  has beet? ins ta l led  

on the receiver, thus res t r ic t ing  the  bandpass t o  

luminescence, Only the  willemite i s  not visible.  

Figure 26, Video monitor, Same as  figure 25 except tha t  a cardboard 

s t e c c i l  simulating 50 percent contamination is covering 

the  samples, Images v is ib le  i n  figure 25 a re  more weakly 

imaged heree 

Figure 27, Video monitor, Same a s  figure 25 except tha t  a s t enc i l  

simulating 75 percent contaminati.on i s  covering the  

sample, Despite contamination, a l l  images v is ib le  i n  

f igure 26 are  very weakly v is ib le  here. 

Figure 28, Video monitor. Same as  figure 25 except tha t  a s t enc i l  

simulating 88 percent contaminat ion i s  covering the  

sample, Only the  phosphate rock sample i s  imaged, 

Figure 29. Video monitor* Same as  figure 28 except tha t  a new 

P-16 t ransmit ter  tube has been instal led,  In addition 

t o  the phosphate rock sample, f luori te ,  colemanite, 

and the  ca lc i te  samples axe imaged, 
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Figure 30. Index map showing t h e  locat ion of quarries v i s i t ed  

during t h e  Phase 111 t e s t s ,  

a. Cavetown Quarry 

b . Bare Hi l ls ,  Delight, and Marriott  s v i l l e  Quarries. 

Figure 30A. Ul t raviole t  imagery system i n s t a l l e d  i n  a delivery- 

type van, The t ransmit ter- receiver  may be di rected 

through t h e  r ea r  doors toward t h e  rock exposures t o  

be imaged. E l e c t r i c a l  power i s  provided by a por table  

gasoline generator. 
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Figure 31. Video monitor showing images obtained from luminescing 

c a l c i t e  i n  t a l u s  i n  a limestone quarry near Hagerstown, 

Maryland. Transmitter-receiver i s  more than 50 f e e t  

away. 

Figure 32. Video monitor showing combined luminescence and re f lec ted  

u l t r av io l e t  l i g h t  of same area imaged i n  f igure  31. Some 

of t h e  b r igh tes t  images here a r e  those which ind ica te  
luminescence i n  f igure  31, thus  i l l u s t r a t i n g  a possible 
appl icat ion of t h i s  type of imaging system i n  enhancing 

image contrast  and f a c i l i t a t i n g  t h e  mapping of some rock 

u n i t s  t h a t  contain luminescing minerals. 

Figure 33. Conventional photograph, Corner marks indicate  t h e  a rea  

imaged i n  f igures  31 and 32. Shoulder bag, just  l e f t  

of t h e  center, i s  included f o r  scale. Some fea tures  t h a t  

luminesced and a r e  strongly imaged i n  f igures  4 1  and 32 

a r e  not strongly contrasted i n  t h i s  photograph. Although 

t h e  image qua l i ty  i n  f igure  32 i s  g rea t ly  i n f e r i o r  t o  

t h e  conventional photograph, it i s  expected t h a t  design 

modifications of t h e  u l t r av io l e t  system w i l l  improve 

resolut ion and image quali ty.  
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Figure 34, Video monitor shorqing images obtained from luminescing 

material,  apparently ca l c i t e ,  deposited i n  f r ac tu r e s  

along t h e  inaccessible limestone c1i.f f above t h e  debr is  

imaged i n  f igures  31 and 32. Transmitter-receiver 

i s  more than 110 f e e t  away. 

Figure 35. Video monitor showing combined luminescence and 

re f lec ted  u l t r av io l e t  l i g h t  of t he  same area  imaged 

i n  f igure  34. Images a r e  poorly resolved p a r t l y  

because of t h e  distance from t h e  transmitter ,  and 

p a r t l y  because of shortcomings i n  t h e  c i r cu i t y  of 

t h e  u l t r av io l e t  imaging system. Vertical  l i n e s  

extending across t h e  image a r e  due t o  damage t o  

t h e  phosphor. 

$1 Figure 36. Convention.\photograph. Corner marks indicate  

t h e  area  imaged i n  f igures  34 and 35. 
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Figure 37. Video monitor showing images obtained from a lumjnescing 

dolomite, exposed i n  t h e  north face  of t h e  Barehi l ls  

Quarry, one mile north of t h e  Baltimore c i t y  l i m i t s  

on Fa l l s  Road, Transmitter-receiver i s  23 f e e t  from 

t h e  rock face,  

Figure 38. Video monitor. Same a s  f igure  37 except t h a t  t h e  

receiver f i l t e r  has been removed; thus, 2minescence 

a s  wel l  a s  re f lec ted  u l t r av io l e t  l i g h t  i s  being imaged. 

The br ight  area  i n  f igure  37 i s  one of t h e  b r igh t e r  

areas i n  f igure  38, suggesting t h a t  luminescence may 

exaggerate o r  enhance image brightness,  

.?- 

Figure 39. Conventional photograph of t h e  same a rea  seen i n  

f igures  37 and 38. Detai l  a t  - a i s  dark-toned and 

generally poorly defined; however, same area  i s  

br igh t ly  imaged i n  f igure  38, and luminescence i s  

indicated f o r  t h i s  area i n  f igure  37, Any lumines- 

cence t h a t  may be present i n  t h e  conventional 

photograph i s  overwhelmed by sunlight 
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Figure 40. Video monitor, Similar to figure 37 except ti-&% 

the  transmitter-receiver has been. moved t o  a 

distance of 50 fee t  from the  rock face, 

Figure 41, Video monitor. Same a s  figure 40, but with the  

receiver f i l t e r  removed so tha t  luminescence a s  

well a s  ref lected ul t raviolet  l igh t  i s  being imaged. 

Figure 42, Video monitor. Same a s  figure 37 except tha t  t he  

transmitter-receiver has been moved t o  a distance 

of 75 feet  from the  rock face. 
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Figure 43, Video monitor images indicat ing luminescence of deweylite 

which i s  exposed on t he  upper l e v e l  of t h e  B l i g h t  

one mile west of B l i g h t ,  Maryland, Distance from t h e  

t ransmi t te r  i s  64 f e e t ,  Configuration of %he lumineseenct 

areas  suggests a l inear ,  and possibly i.ntersecting, 

pa t te rn  of outcrop. 

Figure 44, Video monitor, Same as f igure  43, but  with t h e  receiver  

f i l t e r  removed so t h a t  luminescence a s  well  a s  ref lected 

l i g h t  i s  being imaged. Brighter areas,  indicat ing lum- 

inescence i n  f igure  43, a r e  shown at - a, Strongly imaged 

f rac tures  o r  mineralized veins a r e  indicated at - b, 

Figure 45. Conventional photograph of same a rea  shown i n  f i gu re s  

43 and 44. Areas where luminescence i s  indicated i n  

f igure  43 a r e  shown a t  - a.  Fractures which a r e  strongly 

imaged i n  f igure  44 a r e  shown at - b. Dark tone marking 

t q e  near-horizontal  f rac ture  i n  t h e  cen te r  of f igure  45 

i s  due t o  a rock overhaag which creates  a strong shadow 

when viewed i n  sunlight .  Without t h e  shadow of t h e  

overhang, image eofitrast i n  t h i s  par t  of t h e  photograph 

would be l e s s  than  i s  shown f o r  t h i s  f rae tura  i n  t h e  

video monitor image i n  f igure  44. 

Figure 46. Video moni.tor, Similar  t o  f igure  4.3 except t h a t  t h e  

distance of t h e  t ransmit ter- receiver  from the  rock 

face has been increased t o  3_00 f e e t ,  
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Figure 47. Video monitor images lunine scenee of an unidentified 

mineral of the  serpentine group which i.s exposed on 

the  east  face of the  lower Level af the Delight Qua,rry 

near Delight, Maryland, Distance from the  transmitter- 

receiver i s  75 f e e t o  

Figure 48. Video morxitor. Same a s  figure 47 but with the  receiver 

f i l t e r  removed so tha t  luminescence a s  well a s  ref lected 

l ight  i s  being imaged, Sinuous feature i n  c e d e r  i s  

interpreted t o  be a magnesite vein exposed on the  rock 

face. Note the  light-toned area a t  - so 

Figure 49. Conventional photograph, Corner marks i ndicat e the  

area shown i n  figures 47 and 48, Same light-toned 

area, observed i n  figure 48, may be seen a t  - c. Sinuous 

feature shown i n  figure 48 i s  not readily observable 

here. 
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Figure 50, Video monitor, Similar t o  figure 47 except t h a t  t h e  

distance of t h e  t ransmit ter- receiver  from t h e  rock 

face has been increased t o  200 f e e t ,  

Figure 51, Video monitor. Same a s  f igure  50 but  with t h e  

receiver f i l t e r  removed so t&t luminescence a s  

wel l  as re f lec ted  l i g h t  i s  being imaged. Dark tone 

i n  t h e  lower l e f t  i s  due t o  spring water which emerges 

from t h e  rock face  along a f rac ture  a t  t h e  upper margin 

of t h e  dark-toned area. 





Figure 52, Video monitor images indicat ing luminescence sf 

talc i n  t he  debr is  a t  t he  base of t he  nor th  face of 

t h e  Mar r io t t sv i l l e  Quarry, near Marr io t tsvi l le ,  

Maryland. Distance from t h e  t ransmit ter - receiver  

i s  56 f ee t .  

Figure 53. Video monitor, Same a s  f igure  52 but with t h e  

receiver  f i l t e r  removed so t h a t  luminescence a s  

wel l  as re f lec ted  l i g h t  i s  imaged, 
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