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Introduction:  

We consider the tuff ring complex Upsal Hogback (UH) that erupted 

in the Lahontan basin, NV, between 19 ka and 33.7 ka (PSV)) [1] a 

good analogue for Jezero Crater (JC), the target for the Mars 2020 

mission for the following reasons:  

1. The two locations are associated with paleo-lakes that formed 

within closed basins or basins with limited outflow [2]. 

2. They share similar surficial compositions including olivine-rich 

units and associated secondary minerals (smectites, carbonates) 

[2,3,4].   

3. Carbonates at both sites are inferred to have been emplaced at the margin of a lake [3,5]. 
 

Upsal Hogback tuff rings have porous and glassy basaltic tuff with visible olivine and plagioclase. La-

custrine carbonates were emplaced on the tuff rings by upwelling of hydrothermal fluid while Lake 

Lahontan occupied the local basin. Analysis of Upsal Hogback tuff has revealed the presence of pu-

tatively biogenic alteration (PBA) as micro-tunnel ichnofossils in glass clasts attributed to microbial 

euendoliths [5] and is associated with the lacustrine carbonates. 

Lacustrine Carbonates at Upsal Hogback 

• Carbonates at Upsal Hogback occur most often in the form of large tufas (diameter avg. 3.4 m, SD  

2.6 m) in which tuff is well indurated by calcite cement. These tufas are in the form of rings (10-

60 cm thick walls) encapsulating tuff [5]. 

• Erosion has emplaced a desert pavement composed of tufa & basalt clasts (clasts 0.5-3 cm) on 

the tuff ring peaks. 

• It is in the tuff preserved within the tufas that PBA has been identified. 

• Calcite at Upsal Hogback is mostly pure CaCO3, but magnesian calcite identified by bulk-

powdered X-ray diffraction has also been identified in ~15% of the samples. 

Planetary Implications:  

• Upsal Hogback and Jezero Crater are comparable in primary mineralogy 

(mafic with olivine) and secondary mineralogy (smectites and carbonate) [3]. 

• Desert pavement at Upsal Hogback has calcareous and basaltic composition 

and may be comparable to Mottled Terrain and Light-toned Floor units at 

Jezero Crater [2,3]. 

• While Upsal Hogback tuff rings are of a different geologic provenance than is 

Jezero Crater, putatively biogenic alteration textures have also been identified 

in terrestrial craters such as the Ries impact structure, Germany [8]. 

• Upsal Hogback may be a useful terrestrial analogue for Jezero Crater in the 

context of sample selection for ichnofossils from microbial life. 
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Basaltic Tuff & Secondary Alteration 

• Upsal Hogback tuff is basaltic (Mg#=71 at the northern ring to Mg#=66.9 at the southern 

ring) with olivine and plagioclase phenocrysts (Figure 3-C).  

• Calcite cement has cemented the tuff, particularly at the paleo-shoreline. 

• A low temperature hydrothermal system altered the tuff, which includes an assemblage of 

palagonite, smectites (montmorillonite, saponite, kaolinite, nontronite) and zeolites 

(chabazite, analcime, phillipsite). (Figure 3-A, representative pXRD; Figure 3-B table of pXRD 

identified minerals) 

Putatively Biogenic Alteration (PBA) 

• Tuff affected by putative biogenic alteration 
(micro-tunnels) averages ~40 vol.% vitric clasts. 

• This PBA has size distribution and morphology 
consistent with biogenic origin and stratigraphic 
relationships (sealed by secondary calcite) indi-
cating emplacement shortly after UH erupted. 

• Environmental constraints established by second-
ary minerals (carbonate palaeothermometry [6], 
palagonite measurement [7], zeolite assemblage) 
indicate a hydrothermal system at the time of 
PBA development with a temperature range of 40 
to 70℃. Figure 1: Tufas on Upsal Hogback tuff rings deposited near the paleo-shoreline from hydrothermal fluid. 

Figure 2: Elevation and surficial geology of Upsal Hog-

back. A: Air photos of Upsal Hogback with 4 inferred 

vents, sampling locations, and occurrence of calcareous 

tufas (cyan, not to scale). B: Surficial geologic units of Up-

sal Hogback with X-ray fluorescence sample locations. C-

E: Digital elevation model of Upsal Hogback with paleo-

lake (Lake Lahontan) depicted at elevations (D & E) 

where tufas occur in greater volume (1245 m and 1255 

m respectively) 
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Figure 5: Photomicrographs of putative biogenic alteration in Upsal Hogback basaltic tuff. In A, 

micro-tunnels of distinct morphologies are rooted in vesicles that are calcite-filled (left) and 

empty (right). In B, micro-tunnels propagate from an empty vesicle. In C, fine hair-like micro-

tunnels are rooted in a crack in basaltic glass. 

Figure 3: Representative bulk powdered X-ray diffraction pattern (A) and mineral identification summary (B) from tuff sampled from interiors of 

tufas at Upsal Hogback; and C, Total alkali-silica diagram of Upsal Hogback and Soda Lake unaltered basalt samples (includes samples from [9]). 

F 

E 

D 

C B A 

Figure 4: Primary igneous minerals 

and secondary alteration in Upsal 

Hogback basaltic tuff. In A and B a 

skeletal olivine crystal in basaltic glass 

in plane polarized light (PPL) and 

crossed nicols (XPL) respectively; In C 

a euhedral olivine crystal; in D and E 

are a vesicle hosting zeolite in PPL 

and XPL; in F a selection of vesicles 

and minerals in palagonitized glass. 
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