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Introduction:  Stromatolites, the macrofossil evi-

dence of microbial activity, are an important potential 

biosignature in the search for life on early Earth and in 

extraterrestrial missions, yet the taphonomic effect of 

metamorphism is poorly known.  While broad regional 

metamorphism related to convergent tectonics may be 

largely restricted to post-Hadean Earth, alteration from 

volcanism, heated and reducing fluids, and impacts is 

common throughout the solar system.  The present 

study describes and quantifies the effect of contact 

metamorphism on a biogenic stromatolite bed.  While 

the specific conditions of this example may not be 

widely applicable in studies of current astrobiology 

targets, the pathways and resultant changes will serve 

as a valuable template for developing tools for extrater-

restrial stromatolite recognition. 

Background:  The stromatolites are constrained to 

two, meter-scale sequences in the Biwabik Iron-

Formation of the Mesabi range on the western margin 

of the Animikie Basin.  The Biwabik records shallow 

marine sedimentation during the Paleoproterozoic be-

fore and during a major collision, the Penokean 

Orogeny [1].  Deformation related to the Penokean 

orogeny and subsequent events lasted for nearly 30 

million years based on faulting and synorogenic intru-

sions [2].  However, it is assumed that no major min-

eralogical effects in the study area resulted from this 

event. 

The next major phase of alteration was related to 

the development of a large igneous province (LIP) 

through mid-continental rifting at 1,100 Ma.  Con-

spicuous volumes of basalt flows and subjacent gabbro, 

troctolite, granodiorite and anorthosite formed along 

the rift.  The contact aureole extends for approximately 

five kilometers in the Mesabi range with temperatures 

near the contact in excess of 850 degrees C [3].  Min-

eralogic changes define isograds within the contact 

aureole [3-7]. 

Stromatolites were compared from the each of the 

two Biwabik beds from both outside and inside the 

contact aureole.  Petrographic thin- and thick-sections 

were studied with standard transmitted and reflected 

light microscopy.  Chemical compositions were ana-

lyzed on a Cameca SX-100 electron microprobe with 

Princeton Gamma Tech EDS at U.C. Davis.  The un-

metamorphosed representative samples came from core 

at U.S. Steel Minntac (basal stromatolite layer) and 

Minnesota Geological Survey deep core 2 (upper stro-

matolite layer from the Upper Cherty member).  Sam-

ples from within the contact aureole were collected 

from taconite mine exposures in Polymet (formerly 

Cliffs-Erie / LTV) Area 5 (basal) and Northshore block 

20 (upper stromatolites).   Based on isograds, the Area 

5 locality is between zones 5 and 6 and Northshore 20 

is between zones 7 and 8 [4-5].  Zone 5 records forma-

tion of ferrohypersthene with graphite, zone 6 is de-

fined by hedenbergite, zone 7 by fayalite, and zone 8 

by orthopyroxene. 

Data: Minntac (basal stromatolites, outside aure-

ole)—The stromatolites in this least altered location are 

composed of sideritic laminae.  The laminae are de-

fined by 0.5 mm thick bundles composed of bands av-

eraging 25 µm thick of organics and hematite.  Lenses 

 
Fate of Carbonates.  Comparison of unaltered side-

rite+microquartz laminae on left to highly altered micro-

quartz+magnetite+calcite. 

 

of microquartz occur in shelter porosity.  Granules be-

tween stromatolite columns are composed of quartz 

with thin magnetite rims.  Filamentous microfossils 

comparable in size and density to Gunflintia minuta 

from the Gunflint Iron-Formation are rarely preserved 

in hematite.  Early diagenetic features include rare 

stilpnomelane and ankerite either as late-stage spar or 

replacing late-stage silica cement.  

MGS-2 (upper stromatolites, outside aureole)—

These stromatolites are composed of very fine (10-20 

µm) laminae and ministromatolites.  The thin, dark 

laminae are defined by organics.  Granules are rare and 

composed of the iron phyllosilicate greenalite.  Most 

grains are ooids rim-replaced by subhedral magnetite.  

Early marine cements are preserved by quartz though 

most of the stromatolites are neomorphosed into mo-

saic microquartz.  Diagenesis is recognized by blocky 

euhedral ankerite that crosses fabrics. 

PolyMet 5 (basal stromatolites, within aureole)—

The thin-sections show prevalent destruction of lami-

nae, replaced by microquartz.  Secondary removal of 

microquartz is defined by intrusions of magnetite and 

calcite.  Where preserved, the dark laminae are 
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leached, leaving 1-2 µm thick bands of iron oxides.  

Veins through the stromatolites are filled with magnet-

ite, calcite, and pumpellyite.  Radiating rosettes of ei-

ther grunerite or minnesotaite are found within laminae 

and among basal quartz sand grains.  Granules of epi-

dote occur at the base of stromatolite columns. 

Northshore 20 (upper stromatolites, within aure-

ole)—This location is closest to the gabbro.  The stro-

matolites are still recognizeable with laminae defined 

by single crystals of magnetite preserved within mosaic 

microquartz.  Crystals of microquartz average 40 µm 

across.  Fabric-destructive, larger subhedral magnetite 

~7-20 µm across, occurs throughout the stromatolite. 

 
Laminae Changes.  Early alteration (left) is seen in fabric-

destructive microquartz, however, the laminar form can be 

seen in the residual oxides.  Highly altered stromatolite 

laminae (right) are complete leached leaving only thin mi-

crometer-scale bands of single-crystal magnetite. 

 

Results:  Comparing the various localities reveals a 

sequence of changes that affects the mineralogy but not 

the gross structure of the stomatolites.  The changes 

can be grouped into four categories: 1) Replacement of 

carbonates from original siderite—ankerite—calcite; 2) 

Increase in iron oxides as replacement fabric; 3) For-

mation of metamorphic minerals in the series greenalite 

+ siderite + quartz + hematite (unmetamorphosed)—

stilpnomelane + quartz—grunerite / minnesotaite + 

magnetite + calcite—pumpellyite and loss of hematite; 

4) Neomorphic mosaic microquartz.   

Alteration History:  1) Stromatolites formed under 

normal marine conditions as alternating thin laminae of 

sideritic mud and organic-rich, hematite layers.  

Greenalite granules washed in from deeper waters.  2) 

Early marine silica formed as rim and shelter porosity 

cements.  3) Burial diagenesis led to reduction of 

hematite, formation of magnetite rims on grains and in 

stromatolitic laminae.  Some destruction of laminae 

through replacement by microquartz.  Ankerite formed 

as small crystals irregardless of fabric.  Growth of 

stilpnomelane.  No increase in crystal sizes.  4) Intru-

sion of gabbro led to further reduction and loss of 

hematite and remaining iron-carbonate.  Laminae now 

composed of single crystal-thick bands of magnetite.  

Complete replacement by microquartz.  Formation of 

fabric-destructive calcite, usually in association with 

magnetite.  Pumpellyite formed in veins associated 

with calcite and magnetite. 

 
Diagram showing the progressive alteration.  A) Original 

laminae of siderite+microquartz+carbon.  B) Initial altera-

tion leads to reduction and formation of hematite and mi-

croquartz. C) Final alteration consists of complete loss of 

non-oxide portion of laminae, conversion of hematite to 

magnetite, and replacement by other metamorphic minerals, 

primarily amphibole. 
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