Kloprogge & Hartman (2022): Clays and the Origin of Life: The Experiments 
Big Idea
Life did not begin with complex molecules floating freely in solution. Instead, it likely began on the surfaces of clay minerals, which provided structure, catalytic activity, concentration mechanisms, and a pathway from chemistry to metabolism. The model proposes that clay minerals were the first organized, evolving systems and that organic biochemistry emerged within these mineral frameworks.
Core Elements of the Clay Model
1. Clay Minerals as Active Participants. Clays are not passive surfaces. They possess layered crystal structures, negative charges, interlayer spaces filled with water and ions, catalytic sites, ion-exchange capacity, swelling and shrinkage behavior. These properties allow clays to bind, concentrate, organize, and chemically transform organic molecules. 
2. Replication and Selection Before Biology
Cairns-Smith (1966) proposed that clay crystals can replicate structural patterns during growth- lattice defects and charge patterns propagate from one layer to the next. These patterns undergo a primitive form of selection, creating an early evolutionary system before genes. Later Hartman extended this idea and proposed that metabolism could emerge first, driven by surface catalysis, long before modern genetic systems. 
3. Clay-Driven Synthesis of Organic Molecules
Experiments show that clays catalyze the formation of amino acids (not nucleotides) and promote the adsorption, organization, and polymerization of nucleotides and other biomolecules. Thus, clays create chemical microenvironments where complexity increases step-by-step 
4. Feedback Between Organics and Clays:
Small organic molecules (e.g., oxalate, urea, amino acids) do not just form on clays, they promote formation of new clay minerals themselves, creating a self-reinforcing cycle: of organics → clays → more organics → more complex clays.
5. Emergence of RNA–Peptide Worlds
As organic complexity increased on clay surfaces, RNA began to replicate, peptides formed and assisted catalysis. RNA and peptides co-evolved, eventually cellular life emerged. The paper explicitly describes this as the emergence of RNA–peptide worlds from clay-based chemistry 
Why This Model Matters
This framework solves several “problems” 
Problem	Clay Model Solution
Concentration of reactants	Adsorption on surfaces
Catalysis without enzymes	Mineral active sites
Organization before cells	Layered clay structure
Evolution before genes	Crystal growth & selection
Transition to metabolism	Surface-driven reaction networks
One-Sentence Take-Home Message
Life began as chemistry organized on mineral surfaces, and only later became biology.
