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Earth’s story is a 4-billion-year epic of transfor-

mations driven by physical, chemical, and biological 
processes. The planet’s living and non-living compo-
nents have co-evolved yet our ability to document, 
model, and explore these changes is hampered by a 
lack of data integration among disciplines. The Deep-
Time Data Infrastructure (DTDI) is a multi-institution 
project that seeks to trace the planet’s co-evolution by 
curating and integrating data from diverse fields in-
cluding mineralogy, paleobiology, tectonics, geochro-
nology, proteomics, and geochemistry. The DTDI’s 
central objective is to document and understand 
Earth’s evolution over 4 billion years.  

Comprehensive databases of mineral species 
(rruff.info/ima) and their geographic localities and co-
existing mineral assemblages (mindat.org) reveal pat-
terns of mineral diversification and association through 
space and time (Fig. 1) and patterns of mineral coex-
istance pairs appear in chord diagrams (Fig. 2). 

Distributions of fossil species (Fig. 3) and minerals 
(Fig. 4) can be represented by network diagrams. Fos-
sil or mineral species are represented as “nodes” and 
co-existing species are “links.” Filters based on chem-
istry, age, structural group, and other parameters high-
light visually both familiar and new aspects of paleo-
biology and mineralogy. We quantify networks with 
statistical metrics, including connectivity (based on the 
frequency of species co-occurrence), homophily (the 
extent to which co-existing species share key charac-
teristics), network closure (based on the degree of net-
work interconnectivity), and segmentation (as revealed 
by isolated “cliques” of species).  
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Fig. 1. The temporal distributions of minerals incorpo-
rating first-row transition elements reveals episodic 
mineralization and systematic changes in redox states. 

                 
Fig. 2. A chord diagram of cobalt minerals shows co-
existing pairs of species. Prominent ties occur between 
the alteration mineral erythrite and the major ores co-
baltite and skutterudite. 

              
Fig. 3. A network diagram of fossil groups reveals 
significant changes in fauna through the Phanerozoic, 
sweeping from left to right. Colors represent fauna 
from major time intervals: blue = Cambrian; red = later 
Paleozoic; black = Mesozoic. Major extinction events 
appear as constrictions in the network. 

                        
Fig. 4. A network diagram of common chromium min-
erals illustrates mineral abundance (corresponding to 
node size), mode of formation (corresponding to node 
color: orange = igneous; blue = metamorphic; green = 
weathering; tan = soil), and patterns of co-occurrence.  
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