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Introduction 
The Emmons pegmatite is located on the eastern slope of Uncle Tom Mountain in Greenwood, Oxford County, Maine (Fig. 1). At times, 

the Emmons pegmatite has been referred to as the Uncle Tom Mountain quarry.  The Emmons pegmatite is well-zoned (Fig. 3) and is the 
species-richest pegmatite in Maine with currently 118 species.   

Lithiophilite chemistry and secondary mineralization 
A recent find of two initially separate appearing lithiophilite pods eventually was seen to be linked with a narrow connecting strand of lithi-

ophilite (Fig. 4).  The maximum dimension of the two pods was a little over 1.5 m. The pods are surrounded by ball muscovite and the shape 
of the pods suggests and immiscible phosphate melt that formed within the silicate melt.  The boundary outlined by the convex surfaces of 
the ball muscovite.  This orientation is further evidence of contrasting behaviors of the silicate and phosphate melts.   

The top mass is more Mn-rich (Mn/Fe = 1.69-1.78) and appears to be 
more evolved than the lower one.  The greater degree of evolution is like-
ly a result of the timing of crystallization, as it appears that the bottom 
pod  formed earlier.  Furthermore, the lithiophilite pods are not homoge-
neous.  Mn increases from core to rim with Mn/Fe ranging from 1.69 to 
2.15.  Calcium decreases from core to rim but then increases dramatically 
(1.15 wt. % Ca) in the lithiophilite crystals which are usually but not al-
ways altered to sicklerite and other secondaries.  Vivianite forms late 
along fractures in the lithiophilite pods likely derived from late fluids.  The 
rim of the lithiophilite pods is made up of euhedral lithiophilite crystals, 
commonly partially replaced by sicklerite and purpurite. 

 

 

 

 

 

 

 

 

 

 

 
 

En echelon lath-shaped rhodochrosite blades up to 5 cm long are enclosed within the phosphate pods (Fig. 7). These elongated bladed crys-
tals clearly do not replace lithiophilite but are instead cut by or partially replaced by lithiophilite or by hureaulite and reddingite.  Near the top 
of the upper lithiophilite pod, some areas show clear embayed contact relationships of rhodochrosite replacing lithiophilite.  Replacement 
rhodochrosite  (Figs. 6 and 7) has abundant void spaces and a distinctly different Mn/Fe signature compared to the primary rhodochrosite: 
1.60 in the replacement rhodochrosite for the top mass and 1.47 for the bottom mass.  Primary rhodochrosite lath-shaped crystals cutting 
through the lithiophilite pods have a higher Mn/Fe ratio of 2.10 (top pod) and 1.90 (bottom pod) than the rhodochrosite replacement masses 
in the lithiophilite.  The replacement rhodochrosite also has higher Ca content than the primary rhodochrosite (0.24 to 0.29) in the primary 
rhodochrosite for the top and bottom masses and 0.98 to 1.10 wt. % for the replacement rhodochrosite respectively. 

Zn is noticeably elevated in the replacement rhodochrosite compared to the primary rhodochrosite laths, and this correlates with elevated S 
and sphalerite content in the replacement rhodochrosite of the bottom pod.  A compositional summary is shown in Fig. 8. 

Replacement rhodochrosite of the bottom pod hosts a mineralogically more divers mineral assemblage than the top pod.  

Additionally, Ba is much more abundant in the replacement rhodochrosite than in the lithiophilite which correlates with the presence of    
perloffite in the replacement rhodochrosite.   

rhodochrosite lath-shaped crystals cutting through the lithiophilite pods have a higher Mn/Fe ratio of 2.10 (top pod) and 1.90 (bottom pod) 
than the rhodochrosite replacement masses in the lithiophilite.  The replacement rhodochrosite also has higher Ca content than the primary 
rhodochrosite (0.24 to 0.29) in the primary rhodochrosite for the top and bottom masses and 0.98 to 1.10 wt. % for the replacement rhodo-
chrosite respectively. Zn is noticeably elevated in the replacement rhodochrosite compared to the primary rhodochrosite laths, and this corre-
lates with elevated S and sphalerite content in the replacement rhodochrosite of the bottom pod. 

Replacement rhodochrosite of the bottom pod is mineralogically more diverse than the top pod. Additionally, Ba is much more abundant in 
the replacement rhodochrosite than in the lithiophilite which correlates with the presence of perloffite in the replacement rhodochrosite. 
Specific geochemical micro-environments associated with the lithiophilite pods  exist:  

• Interstitially associated with replacement rhodochrosite are several secondary Mn-rich phosphates, including strunzite, (Fig. 9) jahnsite 

group species, mitridatite, pseudolaueite, laueite and stewartite. 

• Accessory montebrasite, fairfieldite, eosphorite-childrenite, kastningite (Fig. 10) , brazilianite (Fig. 11), and goyazite (Fig. 12) also occur.  In 

particular, montebrasite that appears gray is rich in goyazite, fluorapatite, albite and muscovite appear to be metasomatized. 

• Pink masses of väyrynenite  (Fig. 13) occur at the area of interaction of lithiophilite with altered beryl.  Beryllonite, roscherite, moraesite and 

hydroxylherderite have also  occur in this assemblage. 

• Raspberry-red pezzottaite (Fig. 14) is found near a small pollucite pod and an altered beryl. . 

• Near sulfide species, diadochite occurs in an area of oxidative alteration. 

• In the bottom pod a restricted area in altered montebrasite and rhodochrosite with elevated Ba content contains barian goyazite and      

perloffite has been exposed. 

The secondary phosphate assemblage appears to be related to low-temperature metasomatic alteration at a temperature range of 300-100 
°C (Simmons et al. 2003).  Since lithiophilite is intimately associated with montebrasite, species-rich assemblages can form.  Under oxidiz-
ing conditions, minerals such as strunzite, rockbridgeite, the jahnsite group, laueite-pseudolaueite, stewartite, bermanite, earlshannonite, 
beraunite, robertsite, perloffite and mitridatite formed.  Under nonoxidizing conditions, vivianite, phosphoferrite, reddingite, fairfieldite, 
childrenite-eosphorite, switzerite, hureaulite, dickinsonite, goyazite, roscherite group, brazilianite and moraesite formed (Simmons et al. 

The source of CO2 earlier in the crystallization of primary phosphates is likely derived from the calcsilicate country tocks that released it 
during anatexis.  The pegmatites in the area are more likely the result of anatexis than due to igneous fraction of a granite body (Simmons 
et al. 2003, Simmons et al. 2016, Simmons et al. 2018, Webber et al. 2018). 

Fig. 1:. Regional (Brown & Solar 1998) 
and local geology (modified from Solar 
& Tomascak 2016) 

Fig. 2.  The Emmons pegmatite  

Fig. 3. Zoning in the Emmons pegmatite.  

Fig. 6. Metasomatized mon-

tebrasite and replacement rho-

dochrosite in the bottom pod.  

20 cm wide. 

Fig. 5.  Lithiophilite crystal with sick-

lerite rim.  3.5 cm maximum dimension. 

Fig. 12.  Goyazite.  5 mm maxi-

mum dimension. 

Fig. 9.  Strunzite.  7 mm field of 

view. 

Fig. 14.  Pezzottaite.  4 mm field 

of view. 

Fig. 13.  Väyrynenite.  8 mm field 

of view. 

Fig. 10.  Kastningite.  4 mm field 

of view. 

Fig. 11.  Brazilianite.   

4 mm field of view 

Fig. 8.  Composition of lithiophilite pods and primary and replacement rhodochrosite. 

Fig. 7. Primary rhodochrosite (left), sec-

ondary rhodochrosite (right).  Each 4 

cm wide. 

Fig. 4: The two joined lithiophilite  pods.    L=lithiophilite, BM =      
ball muscovite, M=montebrasite, R=replacement rhodochrosite,  

Q=quartz, lines within lithiophilite =primary rhodochrosite. 
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