
MINERALOGICAL MAGAZINE, SEPTEMBER I 9 7 3 ,  VOL. 39, PP- 3 4 6 - 8 .  

Urea, a new mineral, and neotype phosphammite 
fi'om Western Australia 

P. J. B R I D G E  

Government Chemical Laboratories, Perth, Western Australia 

SUMMARY. Urea, a new mineral identical with the artificial compound, occurs as crystals associated 
with phosphammite, ammonian aphthitalite, and weddellite in guano from Toppin Hill, ~23 ~ 56' E., 
28 ~ 42' S., Western Australia. The urea occurs as elongated tetragonal pyramids, space group P7421m, 
a 5"646, c 4'7oi A, X-ray powder data are given. Optical properties: co I"484, e I-6o3. Chemical 
analysis gave urea, CO(NHz)2 96'o, H20- o-46, Na o'I3, K o'35, Ca o'o7, Mg o'03, S o-tI, P 0"24, 
NHz < I-O %, remainder probably mainly H20+; urea 96 %, impurities 4 %. Type material is pre- 
served in the collection of the Government Chemical Laboratories, Perth, Western Australia. 

D U R I N G  an invest igat ion of  cave minerals  at  the Weste rn  Aus t ra l i an  Gove rnmen t  
Chemical  Labora to r i e s  specimens f rom the collect ion of  Dr.  E. S. S impson  acquired 
early this century were re-examined.  A n  unusual  specimen marked  'St ruvi te  or  ster- 
cori te efflorescence on guano '  was found  to consist  o f  urea  crystals with minor  am-  
mon ian  aphthi tal i te ,  weddelli te,  and  phosphammi te .  

The specimen was dona ted  by  F r a n k  Hann ,  a pas tora l i s t  and  explorer  for  the 
D e p a r t m e n t  o f  Lands  and Surveys who named  Topp in  Hil l  in I9o6. The  local i ty  given 
'Ear les '  or  'Ear ls  F i n d '  a name tha t  cannot  be t raced  in any government  records.  A is 
later  label  note  by Dr.  S impson  is 'Mt .  Topp in  near  Lake  Rason ' .  The present  accepted 
name is Topp in  Hill ,  I23 ~ 56' E., z8 ~ 42 '  S., abou t  200 miles NE.  o f  Kalgoor l ie .  
The occurrence was p r o b a b l y  in a cave or  rock  shelter. The highly soluble mater ia l  
persists because of  the low humid i ty  and rainfall ,  8 in., and  the high average annual  
t empera tu re  range,  I2 ~ to 26 ~ 

Urea, discovered in urine in 1773, was the first of the organic compounds to be synthe- 
sized, in an epoch-making discovery by Friedrich W6hler in 1828. ' I  can make urea without 
the necessity of a kidney, or even an animal, whether man or dog. Ammonium cyanate is 
urea. '  Liebig considered this the first beginning of a truly scientific organic chemistry (Parting- 
ton, 1964). 

Urea ,  the main  n i t rogenous  componen t  of  the ur ine o f  animals  with ureotel ic  
metabol isms,  rare ly  occurs in guano  because o f  its solubil i ty and instabi l i ty  in h u m i d  
and  bacter ia l  condi t ions ,  under  which decompos i t ion  is very rapid.  P o p p  (in Hutchin-  
son, I95o) descr ibed a crystall ine,  stalacti t ic  accumula t ion  mainly  composed  o f  urea  
der ived f rom the r ap id  evapora t ion  of  ba t  ur ine on the wall  o f  a very d ry  Egypt ian  
cave, condi t ions  which inhibi t  decomposi t ion .  Hey  (I972, pers. comm.)  repor ts  urea  
as a ra ther  recent efflorescence on  sand f rom the Temple  of  Dende ra  in the Egypt ian  
desert.  
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To avoid duplexity of names the author does not propose to exercise his prerogative 
to assign another name to the well-known chemical compound. 

Physicalproperties. The specimen consists of a damp incoherent mass of  pyramidal 
urea crystals, 3 • I ram, translucent and a pale yellow to pale brown. The ammonian 
aphthitalite, which may be shrivelled bat droppings, occurs as dark brown soft 
finely-crystalline aggregates I m m  in diameter. The phosphammite exists as sparse 
transparent crystals o'5 m m  in size grown on the anamonian aphthitalite. The wed- 
dellite is present in small amounts as pale yellow crystal aggregates. Using the sink- 
float method in Nujol and ~-bromonaphthalene some clean urea crystals gave D1.33 
-4-O.Ol. The remaining physical properties are the same as for the artificial material. 

TABLE I. X-ray powder data for urea. Guinier focusing camera, Cu-K~I radiation, 
KCl internal standard, I visual 

hkl  I dob s dcalc hkl  I dob s dcal c 

OOl < I 4"70/k 4"7oi/~ 221 1 1"837/k 1.837/~ 
I IO IO 3"98 3"992 31o < i x-785 1.785 
iol  2 3-6I 3"613 3o1 < i I '746 1"747 
I I I  3 3"04 3"043 212 < I 1"72I I'720 
200 ~ I 2"822 2"823 3I I  < IB 1'669 I'669 
210 IB 2"522 2"525 003 < I 1-567 1"567 
2oi < IB 2"419 2'420 222 < I I'522 I'522 
002 ~ I 2"352 2"350 I03 ~ I I'509 I"510 
2II  < I 2"224 2"224 312 < I I'422 1"422 
102 I 2"172 2"170 330 < 1B 1"33I 1"33I 
112 ~ 1 2"026 2"026 420 ~ I I"263 1"262 
22O < I I '996 1"996 OO4 < I 1"I77 I ' I75 

I I  4 < I I ' I29  1"127 

X-ray data. The powder X-ray data of  the natural urea (Table I) was measured on 
films taken with a Guinier-Hagg focusing camera using Cu-K% radiation and KCI 
internal standard. The data of  natural and Analar grade urea showed only slight 
differences from the published data except that the oo I reflection at 4"7 A, not recorded 
from the published pattern, was observed on patterns of both natural and artificial 
samples. In addition, some of the published faint lines were not observed while some 
extra faint lines were seen. 

Weissenberg photographs confirmed that the urea conforms to space group PT~21m. 
A unit cell refinement gave a 5-646 A, c 4"7oi A, both z~_o-ooI A, c/a = 0-8326, 
V = I49"86 A 8 for the mineral urea, similar to artificial urea. Unit cell refinement of  
Analar grade urea gave a 5"648 A, c 4.7Ol/~, both ~o .oo l  A, c/a ~ 0.8323, V 149"96 A 3 
in close agreement with the work of the National Bureau of Standards (1957). The 
refinements were done by the method described by Pryce (197o). All X-ray exposures 
were made in the range 15-2o ~ 

Chemistry. Analysis by B. Codling and P. Hewson of hand-picked crystals gave 
96 % urea by the urease reduction method, plus N H  3 < 1-o, Na  o'13, Ca 0"07, 
K o'35, Mg o'o3, S o-11, P o'24, H 2 0 -  o'46, remainder probably mainly H~O +. 



348 P. J. BRIDGE ON UREA, A NEW MINERAL, AND PHOSPHAMMITE 

Optical Properties. The crystals of mineral urea have ~o 1.484 and E 1.6o3 and are 
similar to the reported co I'48o and ~ 1.6oI, National Bureau of Standards (I957) and 
~o 1.484 E 1.6o2 (Winchell, I954). 

PHOSPHAMMITE and biphosphammite were described by Shepard 087o) from the 
Guafiape Islands, 8 ~ 25' S., 79 ~ 25' W., and both have long been considered doubtful 
species (Dana, I892 ). Pryce 0972) has described biphosphammite discovered by the 
present author, from Murra-el-elevyn Cave in the Nullarbor Plain, 24o miles SE. of 
this occurrence. The phosphammite shows close correlation with ASTM data card 
9-39I, 'secondary ammonium orthophosphate' (NHa)2HPO4. Refractive indices are 
close to the artificial compound. 

The natural occurrence of (NH4)zHPO 4 is thus confirmed and the specimen is 
proposed as a neotype. 

The ammonian aphthitalite and weddellite powder patterns showed no significant 
difference from the published patterns. All patterns gave a few faint extra lines of 
minor unidentified components. 
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